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SUMMARY: 17 
A protocol for the induction of eryptosis, programmed cell death in erythrocytes, using the 18 
calcium ionophore, ionomycin, is provided. Successful eryptosis is evaluated by monitoring the 19 
localization phosphatidylserine in the membrane outer leaflet. Factors affecting the success of 20 
the protocol have been examined and optimal conditions provided.  21 
 22 
ABSTRACT: 23 
Eryptosis, erythrocyte programmed cell death, occurs in a number of hematological diseases 24 
and during injury to erythrocytes. A hallmark of eryptotic cells is the loss of compositional 25 
asymmetry of the cell membrane, leading to the translocation of phosphatidylserine to the 26 
membrane outer leaflet. This process is triggered by increased intracellular concentration of 27 
Ca2+, which activates scramblase, an enzyme that facilitates bidirectional movement of 28 
phospholipids between membrane leaflets. Given the importance of eryptosis in various 29 
diseased conditions, there have been efforts to induce eryptosis in vitro. Such efforts have 30 
generally relied on the calcium ionophore, ionomycin, to enhance intracellular Ca2+ 31 
concentration and induce eryptosis. However, many discrepancies have been reported in the 32 
literature regarding the procedure for inducing eryptosis using ionomycin. Herein, we report a 33 
step-by-step protocol for ionomycin-induced eryptosis in human erythrocytes. We focus on 34 
important steps in the procedure including the ionophore concentration, incubation time, and 35 
glucose depletion, and provide representative result. This protocol can be used to reproducibly 36 
induce eryptosis in the laboratory. 37 
 38 
INTRODUCTION:  39 
Programmed cell death in erythrocytes, also known as eryptosis, is common in many clinical 40 
conditions and hematological disorders. Eryptosis is associated with cell shrinkage and the loss 41 
of phospholipid asymmetry in the cell plasma membrane1,2. Loss of asymmetry results in the 42 
translocation of phosphatidylserine (PS), a lipid normally localized in the inner leaflet3,4, to the 43 
cell outer leaflet, which signals to macrophages to phagocytose and remove defective 44 
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erythrocytes5–8. At the end of the normal life span of erythrocytes, removal of eryptotic cells by 45 
macrophages ensures the balance of erythrocytes in circulation. However, in diseased 46 
conditions, such as sickle cell disease and thalassemia9–11, enhanced eryptosis may result in 47 
severe anemia2. Due to its importance in hematological diseases, there is significant interest in 48 
examining the factors inducing or inhibiting eryptosis and the molecular mechanisms 49 
underlying this process. 50 
 51 
The plasma membrane of healthy erythrocytes is asymmetric, with different phospholipids 52 
localizing at the outer and inner leaflets. Membrane asymmetry is primarily regulated by the 53 
action of membrane enzymes. Aminophospholipid translocase facilitates the transport of 54 
aminophospholipids, PS and phosphatidylethanolamine (PE), by directing these lipids to the cell 55 
inner leaflet. On the other hand, floppase transports the choline containing phospholipids, 56 
phosphatidylcholine (PC) and sphingomyelin (SM), from the inner to the outer leaflet of the cell 57 
membrane12. However, unlike healthy cells, the membrane of eryptotic erythrocytes is 58 
scrambled. This is due to the action of a third enzyme, scramblase, which disrupts phospholipid 59 
asymmetry by facilitating the bidirectional transport of aminophospholipids13–16. Scramblase is 60 
activated by elevated intracellular levels of Ca2+. Therefore, calcium ionophores, which facilitate 61 
the transport of Ca2+ across the cell membrane12, are efficient inducers of eryptosis.  62 
 63 
Ionomycin, a calcium ionophore, has been widely used to induce eryptosis in erythrocytes12,17–64 
26. Ionomycin has both hydrophilic and hydrophobic groups, which are necessary to bind and 65 
capture Ca2+ ion, and transport it to the cytosolic space27–29. This leads to the activation of 66 
scramblase and translocation of PS to the outer leaflet, which can be easily detected using 67 
annexin-V, a cellular protein with a high affinity to PS12. Although triggering eryptosis by 68 
ionomycin is commonly reported, there is considerable method discrepancy in the literature 69 
(Table 1). The population of erythrocytes undergoing eryptosis depends on different factors 70 
such as ionophore concentration, treatment time with ionophore, and the sugar content of 71 
extracellular environment (glucose depletion activates cation channels and facilitates the entry 72 
of Ca2+ into the cytosolic space)30,31. However, there is little consistency in these factors in the 73 
literature, making it difficult to perform eryptosis reproducibly in vitro.  74 
 75 
In this protocol, we present a step-by-step procedure to induce eryptosis in human 76 
erythrocytes. Factors affecting successful eryptosis including Ca2+ concentration, ionophore 77 
concentration, treatment time, and pre-incubation in glucose-depleted buffer are examined 78 
and optimal values are reported. This procedure demonstrates that pre-incubation of 79 
erythrocytes in a glucose-free buffer significantly increases the percentage of eryptosis 80 
compared to glucose-containing buffer. This protocol can be used in the laboratory to produce 81 
eryptotic erythrocytes for various applications. 82 
 83 
PROTOCOL: 84 
 85 
All human blood samples used in the protocol described below were purchased as de-identified 86 
samples. No human subjects were directly involved or recruited for this study. The guidelines of 87 
the Declaration of Helsinki should be used when research involves human subjects.  88 



   

 89 
1. Erythrocyte isolation from whole blood 90 
 91 
1.1. Add 500 µL of whole blood in acid citrate dextrose (ACD) (stored at 4 °C) to a 92 
microcentrifuge tube.  93 
 94 
NOTE: Whole blood was purchased in ACD. According to the company, 1.5 mL of ACD is added 95 
to 7 mL of whole blood (8.5 mL total volume).  96 
 97 
1.2. Centrifuge the whole blood at 700 x g for 5 min at room temperature (RT) and remove the 98 
clear plasma and the thin buffy coat using a pipette to leave the red erythrocyte layer.  99 
 100 
1.3. Prepare 1 L of Ringer solution containing 125 mM NaCl, 5 mM KCl, 1 mM MgSO4, 32 mM 101 
HEPES, 5 mM glucose, and 1 mM CaCl2. Adjust the pH to 7.4 by adding 2 µL drops of 1.0 M 102 
NaOH. To prepare glucose-free Ringer solution, follow the same protocol, but do not include 103 
glucose in the solution.  104 
 105 
1.4. Wash the erythrocytes 2x in Ringer solution by suspending the cell pellet in 1.5 mL of 106 
Ringer solution, centrifuging at 700 x g for 5 min at RT, and removing the supernatant.  107 
 108 
1.5. Make a 0.4% hematocrit by resuspending 40 µL of the erythrocyte pellet in 9,960 µL of 109 
glucose-free Ringer solution to reach a final volume of 10 mL.  110 
 111 
NOTE: Hematocrit is a term used to refer to the volume fraction of erythrocytes in suspension. 112 
A 0.4% hematocrit is a suspension containing 0.4% erythrocytes. 113 
 114 
1.6. Incubate the cell suspension at 37 °C for 7 days.  115 
 116 
2. Treatment of erythrocytes with ionomycin and measurement of hemolysis 117 
 118 
2.1. Dissolve 1 mg of ionomycin calcium salt in 630 µL of dimethyl sulfoxide (DMSO) to reach a 119 
final concentration of 2 mM. Aliquot and store at -20 °C.  120 
 121 
2.2. Take 1 mL of the 0.4% hematocrit from step 1.5 and add 0.5 µL of 2 mM ionomycin to 122 
reach a final concentration of 1 µM. Incubate for 2 h at 37 °C. 123 
 124 
2.2.1. Use 1 mL of the hematocrit with no ionomycin treatment as a negative control.  125 
 126 
2.3. Centrifuge the ionomycin-treated and untreated hematocrits at 700 x g for 5 min at RT, and 127 
remove their supernatants to leave the cell pellets at the bottom of the tubes.  128 
 129 
2.4. Wash the cells 3x with Ringer solution by suspending the cell pellets in 1.5 mL of Ringer 130 
solution, centrifuging at 700 x g for 5 min at RT and discarding the supernatants.  131 
 132 



   

2.5. To measure hemolysis, add 1 mL of the untreated 0.4% hematocrit from step 1.5 to a 133 
microcentrifuge tube and incubate for 2 h at 37 °C as the negative control for hemolysis (0%). 134 
 135 
2.6. Add 1 mL of the untreated 0.4% hematocrit from step 1.5 to a microcentrifuge tube and 136 
centrifuge at 700 x g for 5 min at RT. Remove the supernatant and add 1 mL of distilled water to 137 
the cell pellet and incubate for 2 h at 37 °C as the positive control for hemolysis (100%).   138 
 139 
2.7. Add 1 mL of the ionomycin-treated 0.4% hematocrit from step 2.2 to a microcentrifuge 140 
tube. 141 
 142 
2.8. Centrifuge the untreated cells, treated cells, and the cells in distilled water at 700 x g for 5 143 
min at RT.  144 
 145 
2.9. Take 200 µL of the supernatants and add to a 96-well plate. 146 
 147 
2.10. Measure the absorbance at 541 nm using a microplate reader. 148 
 149 
2.11. Calculate the hemolysis using Equation 132:  150 
 151 

%Hemolysis = (AT – A0)/(A100 – A0)*100    Equation 1 152 
 153 
where A0 is the absorbance of erythrocytes in Ringer solution, A100 is the absorbance of 154 
erythrocytes in water, and AT is the absorbance of treated erythrocytes by ionomycin. 155 
 156 
3. Annexin-V binding assay 157 
 158 
3.1. Dilute 2 mL of the 5x annexin V binding buffer in 8 mL of phosphate-buffered saline (PBS) 159 
to obtain 1x binding buffer.  160 
 161 
3.2. Resuspend the ionomycin-treated and untreated cell pellets from step 2.4 in 1 mL of 1x 162 
binding buffer.  163 
 164 
3.3. Take 235 µL of the cell suspensions in the binding buffer and add 15 µL of Annexin V-Alexa 165 
Flour 488 conjugate.  166 
 167 
3.4. Incubate the cells at RT for 20 min in a dark place. Centrifuge at 700 x g for 5 min at RT and 168 
remove the supernatant.  169 
 170 
3.5. Wash the cells 2x with 1x binding buffer, by suspending the cell pellet in 1.5 mL of the 171 
binding buffer, centrifuging at 700 x g for 5 min at RT and removing the supernatant.  172 
 173 
3.6. Resuspend the cell pellets in 250 µL of 1x binding buffer for flow cytometry measurements.  174 
 175 
4. Flow cytometry  176 



   

 177 
4.1. Transfer 200 µL of the annexin-V stained erythrocytes to 1 mL round bottom polystyrene 178 
tubes compatible with flow cytometry. 179 
 180 
4.2. Login to the flow cytometry software and click on the new experiment button. Click on the 181 
new tube button. Select the global sheet and choose the apply analysis to measure the 182 
fluorescence intensity with an excitation wavelength of 488 nm and an emission wavelength of 183 
530 nm. 184 
 185 
4.3. Set number of cells to 20,000 to be collected for fluorescence-activated cell sorting (FACS) 186 
analysis. 187 
 188 
4.4. Select the desired tube and click on load button. Click on record button for forward scatter 189 
and side scatter measurements. Repeat for all samples.  190 
 191 
4.5. Right click on specimen button and click on apply batch analysis to generate the result file.  192 
 193 
4.6. Right click on specimen button and click on generate FSC files.  194 
 195 
4.7. Add the flow cytometry data (FSC files) into the workplace of flow cytometry software. 196 
 197 
4.8. Analyze the control data by selecting the cell population of interest and adding statistics for 198 
eryptosis value. 199 
 200 
4.8.1. Double click on control and select histogram versus fluorescence intensity.  201 
 202 
4.8.2. Click on gate button to draw a gate on the histogram which indicates the percentage of 203 
eryptosis.  204 
 205 
4.9. Apply the same statistics for all other experimental tubes to obtain the eryptosis values.  206 
Right click on control and select copy analysis to group.  207 
 208 
4.10. After properly gating all samples, transfer the analyzed data by dragging and dropping 209 
them into the layout editor. 210 
 211 
4.10.1. Overlay the analyzed data with control in layout editor.  212 
 213 
4.10.2. Set the desired histograms and intensities by changing the x and y axis of the overlaid 214 
graphs.  215 
 216 
4.10.3. Export image files by clicking on export button and save the graphs in desired location. 217 
 218 
5. Confocal microscopy 219 
 220 



   

5.1. Transfer 5 µL of annexin-V-stained cells on a microscope slide and cover it with a cover slip. 221 
Keep in a dark place to prevent photobleaching.  222 
 223 
5.2. Use Argon laser of the confocal fluorescence microscope to observe the cells excited at 488 224 
nm with desired magnifications.  225 
 226 
NOTE: A confocal microscope is not necessarily needed and any microscope with fluorescence 227 
capabilities can be used to obtain fluorescence images that demonstrate annexin-V binding. 228 
 229 
5.3. Obtain fluorescence images of the control (non-treated cells) and treated cells. 230 
 231 
NOTE: Non-treated cells are expected to show very weak fluorescence signals, whereas treated 232 
cells are expected to show bright green fluorescence on their membranes.  233 
 234 
REPRESENTATIVE RESULTS:  235 
 236 
Optimization of ionomycin concentration  237 
 238 
While ionomycin is required to induce eryptosis, increased ionomycin concentrations can lead 239 
to hemolysis (i.e. lysis of erythrocytes and release of hemoglobin), which needs to be avoided. 240 
Treatment of erythrocytes with 1 µM ionomycin in Ringer solution for 2 h is enough to induce 241 
eryptosis, as evidenced by successful labeling with annexin-V Alexa Flour 488 conjugate and 242 
quantification by FACS analysis (Figure 1A). Higher concentrations of ionomycin (5 and 10 µM) 243 
result in a slight increase in eryptosis (Figure 1A−D). However, such concentrations also 244 
enhance hemolysis (Figure 1E), which is not desired. In order to stay below 5% hemolysis, 1 µM 245 
ionomycin should be used.  246 
 247 
Treatment time with ionomycin 248 
 249 
Incubation of erythrocytes with ionomycin in Ringer solution for as little as 30 min is enough to 250 
induce eryptosis (Figure 2A). Increased incubation time increases the level of eryptosis, as 251 
measured by the annexin V-binding assay, for up to 2 h (Figure 2B,C). However, further 252 
incubation time results in a slight decrease in the level of eryptosis (Figure 2D). Maximum 253 
eryptosis was obtained after 2 h of treatment with 1 µM ionomycin, and for all other treatment 254 
times, lower eryptosis was obtained (Figure 2E). Representative flow cytometry histograms are 255 
presented in Figure 2A−D. In addition, average percentage eryptosis and hemolysis, for various 256 
treatment times with 1 µM ionomycin, are presented in Figure 2E and Figure 2F, respectively. 257 
The higher value of hemolysis after 180 min explains the reduction in eryptosis after the same 258 
amount of incubation (Figure 2E) as less viable cells exist upon 180 min of treatment with 259 
ionomycin.  260 
 261 
Moreover, cells were treated with low concentrations of ionomycin including 0, 0.25, 0.5, and 1 262 
µM for longer treatment times including 6 and 12 h, and eryptosis was measured (Figure 3). 263 
Cells treated with ionomycin concentrations of lower that 1 µM for 6 and 12 h show lower 264 



   

eryptosis compared to the cells treated with 1 µM ionomycin (Figure 3). Since decreasing the 265 
concentration and increasing the exposure time did not enhance eryptosis, 1 µM was used to 266 
trigger eryptosis.  267 
 268 
Eryptosis is dependent on incubation time and extracellular glucose concentration  269 
 270 
Extracellular glucose concentration affects the outcome of the process. Higher eryptosis values 271 
are observed when erythrocytes are pre-incubated in glucose-free Ringer solution compared to 272 
glucose-containing Ringer solution prior to incubation with 1 µM ionomycin for 2 h. The highest 273 
eryptosis values are obtained after 7 days of pre-incubation in both solutions. However, 274 
eryptosis is higher after pre-incubation in glucose-free Ringer solution compared to normal 275 
Ringer solution, which contains 5 mM glucose (see Figure 4A for representative plots and 276 
Figure 4B for comparison of global means). In addition, forward scatter histograms indicate the 277 
effect of glucose depletion on erythrocyte shrinkage (Figure 5A−D). Forward scatter is a 278 
measure for cell size based on the light refraction, and the level of light scattered is directly 279 
proportional to the size of cells33. The cells incubated in glucose-free Ringer solution show less 280 
forward scatter compared to the cells incubated in glucose-containing buffer (Figure 5E), 281 
indicating cell shrinkage in the glucose-free environment.  282 
 283 
In addition to flow cytometry measurements, cells were observed under a confocal 284 
fluorescence microscope to confirm eryptosis. Erythrocytes with no treatment (Figure 6A) and 285 
with ionomycin treatment (Figure 6B) were labeled with annexin-V Alexa Flour 488 conjugate 286 
and observed under microscope. Treated cells showed a bright fluorescence signal (Figure 6B) 287 
due to the binding of annexin-V to PS in the outer leaflet. In contrast, cells with no treatment 288 
showed a very weak fluorescence signal (Figure 6A) indicating very low eryptosis. Further 289 
example images of eryptotic erythrocytes labeled with annexin-V with high fluorescence signal 290 
are shown in Figure 6C.  291 
 292 
FIGURE AND TABLE LEGENDS: 293 
 294 
Figure 1: Representative graphs of the effect of various ionomycin concentrations on 295 
eryptosis and hemolysis. Flow cytometry histograms of erythrocytes treated with (A) 1 µM, (B) 296 
5 µM, and (C) 10 µM ionomycin (gray) at 37 °C at 0.4% hematocrit in Ringer solution for 2 h. 297 
Black line indicates non-treated cells. Percentage of eryptosis is indicated in each figure. 298 
Phosphatidylserine exposure was measured using annexin-V binding. (D) Arithmetic means ± SD 299 
(n = 3) of the percentage eryptosis of cells treated with different concentrations of ionomycin 300 
after 2 h treatment, and (E) arithmetic means ± SD (n = 3) of hemolysis of erythrocytes by 301 
different concentrations of ionomycin under same conditions.  302 
 303 
Figure 2: Representative figures on the effect of various ionomycin treatment times on 304 
eryptosis. Flow cytometry histograms of erythrocytes treated with 1 µM ionomycin (gray) at 37 305 
°C for (A) 30 min, (B) 60 min, (C) 120 min, and (D) 180 min at 0.4% hematocrit in Ringer 306 
solution. Black line indicates non-treated cells. Percentage of eryptosis is indicated in each 307 
figure. Phosphatidylserine exposure was measured through annexin-V binding. (E) Arithmetic 308 



   

means ± SD (n = 3) of percentage eryptosis of cells treated with 1 µM ionomycin for different 309 
times. The highest eryptosis was obtained after 120 min treatment. (F) Arithmetic means ± SD 310 
(n = 3) of percentage hemolysis of cells treated with 1 µM ionomycin for different times. For 311 
statistical analysis, one-way non-parametric ANOVA with Kruskal-Wallis test was performed, 312 
and eryptosis after 120 min treatment was significantly higher than control as indicated in 313 
panel E. * is for p < 0.05. 314 
 315 
Figure 3: Effect of various ionomycin concentrations and treatment times on eryptosis. 316 
Arithmetic means ± SD (n = 3) of the percentage eryptosis of cells treated with different 317 
concentrations of ionomycin is shown after various treatment times. The cells were treated 318 
with low concentrations of ionomycin including 0, 0.25, 0.5, and 1 µM for longer exposure (6 h 319 
and 12 h). Higher concentrations and longer treatments resulted in higher eryptosis values.  320 
 321 
Figure 4: Effect of energy depletion on eryptosis. (A) Flow cytometry histogram for 322 
erythrocytes treated with 1 µM ionomycin (gray) at 37 °C for 2 h at 0.4% hematocrit, after pre-323 
incubation in glucose-free Ringer solution (top figures) and Ringer solution (bottom figures) 324 
from 1 to 7 days, reveals that energy depletion facilitates eryptosis. Black line indicates non-325 
treated cells. Percentages of eryptosis are indicated in the graphs for each day. (B) Arithmetic 326 
means ± SD (n = 3) of the percentage eryptosis of erythrocytes treated with 1 µM ionomycin at 327 
37 °C for 2 h at 0.4% hematocrit, after pre-incubation in Ringer solution (black bars) and 328 
glucose-free Ringer solution (white bars) from 1 to 7 days.  329 
 330 
Figure 5: Effect of energy depletion on cell size. Forward scatter histogram for erythrocytes 331 
treated with 1 µM ionomycin at 37 °C for 2 h at 0.4% hematocrit, after pre-incubation in 332 
glucose-free Ringer solution (gray) and Ringer solution (black line) for (A) 1 day, (B) 3 days, (C) 333 
5 days, and (D) 7 days. The forward scatter histogram over time indicates erythrocyte shrinkage 334 
in glucose-free buffer. (E) Arithmetic means ± SD (n = 3) of forward scatter intensities of 335 
erythrocytes treated with 1 µM ionomycin at 37 °C for 2 h at 0.4% hematocrit, after pre-336 
incubation in Ringer solution (black bars) and glucose-free Ringer solution (white bars) from 1 337 
to 7 days.  338 
 339 
Figure 6: Confocal fluorescence microscopy images of erythrocytes treated with (A) 0 µM, (B) 340 
and (C) 1 µM ionomycin at 37 °C for 2 h at 0.4% hematocrit. 40x objective magnification was 341 
used for images in panels A and B, and 100x objective magnification was used to take images 342 
for panel C. PS in healthy erythrocytes is located on the inner leaflet of the cell membrane, 343 
therefore there is no fluorescence signal in panel A. In panels B and C erythrocytes have been 344 
induced for eryptosis and there is a bright fluorescence signal resulting from the binding of 345 
annexin-V to PS translocated to the outer leaflet of the cell membrane.  346 
 347 
Table 1: Various protocols used in the literature to induce eryptosis using ionomycin. 348 
 349 
DISCUSSION: 350 
The goal of this procedure is to provide optimal values for ionophore concentration, treatment 351 
time, and extracellular glucose concentration, which are important factors in ensuring 352 



   

successful induction of eryptosis. A critical step in the protocol is the depletion of extracellular 353 
glucose, which, despite its importance, has not been sufficiently emphasized in the literature. 354 
The sugar content in normal Ringer solution (5 mM) has an inhibitory effect on eryptosis. 355 
Glucose depletion in the extracellular environment induces cellular stress and activates protein 356 
kinase C (PKC), resulting in the activation of calcium and potassium channels. This results in an 357 
increase in the entry of Ca2+ in the cytosolic space30,31,34 and ultimately activates the 358 
scramblase16, which increases eryptosis. Activation of potassium channel also results in 359 
potassium chloride leakage out of the cell, which leads to erythrocyte shrinkage35. 360 
 361 
The procedure outlined above needs to be performed with specific attention to hemolysis. It is 362 
important to use an optimized ionophore concentration, which is high enough to induce 363 
eryptosis, and low enough to prevent hemolysis. Similarly, incubating erythrocytes with 364 
ionomycin for a short period of time results in low eryptosis while very long incubation may 365 
lead to cell membrane disruption and hemolysis. It should also be noted that while the 366 
presented protocol is highly reliable when performed on the same erythrocyte sample, cells 367 
from different individuals respond differently to ionomycin and there might be inter-subject 368 
variability between different samples.  369 
 370 
Particular attention should be paid to data analysis from flow cytometry. The percentage 371 
eryptosis obtained from the flow cytometer indicates the percentage of cell population with PS 372 
on their outer leaflet. However, cells with different intensities of annexin-V binding cannot be 373 
distinguished based on this number. Annexin-V binds to the PS exposed on cell surface, with a 374 
very high affinity and high specificity to PS36-38. However, as shown in the microscopy images in 375 
this report, different cells show differences in annexin-V binding intensity. The cells with low PS 376 
on their membranes have low fluorescence intensities, whereas higher PS occupancy on cell 377 
membrane results in higher fluorescence intensities.  378 
 379 
The protocol presented in this paper can be modified by increasing the extracellular Ca2+ 380 
concentration. In this protocol, ionomycin was used to induce eryptosis in the presence of 1 381 
mM CaCl2; higher Ca2+ concentrations might lead to enhanced intracellular calcium levels and 382 
may induce more eryptosis. In addition, different calcium ionophores, such as selectophore and 383 
calcimycin, might have different ability to enhance the intracellular concentration of Ca2+, 384 
compared to ionomycin, and could result in different eryptosis values. However, consistent 385 
eryptosis of erythrocytes can be achieved using ionomycin with the outlined protocol and can 386 
be used in the laboratory to examine the molecular mechanisms of eryptosis, mimic diseased 387 
conditions39,40 in vitro, and screen potential therapeutics that inhibit eryptosis, among other 388 
applications. 389 
 390 
ACKNOWLEDGMENTS:  391 
This work was supported by NIH grant R15ES030140. Financial support from the Russ College of 392 
Engineering and Technology and the Department of Chemical and Biomolecular Engineering at 393 
Ohio University is also acknowledged. 394 
 395 
DISCLOSURES:  396 



   

The authors have nothing to disclose. 397 
 398 
REFERENCES: 399 
1. Bratosin, D. et al. Programmed Cell Death in Mature Erythrocytes: A Model for Investigating 400 
Death Effector Pathways Operating in the Absence of Mitochondria. Cell Death and 401 
Differentiation. 8 (12), 1143-56 (2001). 402 
2. Lang, E., Lang, F. Mechanisms and Pathophysiological Significance of Eryptosis, the Suicidal 403 
Erythrocyte Death. Seminars in Cell and Developmental Biology. 39, 35-42 (2015). 404 
3. Garnier, M. et al. Erythrocyte Deformability in Diabetes and Erythrocyte Membrane Lipid 405 
Composition. Metabolism. 39 (8), 794-8 (1990).  406 
4. Verkleij, A.J. et al. The Asymmetric Distribution of Phospholipids in the Human Red Cell 407 
Membrane. A Combined Study Using Phospholipases and Freeze-Etch Electron Microscopy. 408 
Biochimica et Biophysica Acta (BBA) Biomembranes. 323 (2), 178-93 (1973).  409 
5. de Back, D.Z., Kostova, E.B., van Kraaij, M., van den Berg, T.K., van Bruggen, R. Of 410 
Macrophages and Red Blood Cells; A Complex Love Story. Frontiers in Physiology. 5, 9 (2014).  411 
6. Fadok, V.A. et al. A Receptor for Phosphatidylserine-Specific Clearance of Apoptotic Cells. 412 
Nature. 405 (6782), 85-90 (2000). 413 
7. Henson, P.M., Bratton, D.L., Fadok, V.A. The Phosphatidylserine Receptor: A Crucial 414 
Molecular Switch? Nature Reviews Molecular Cell Biology. 2 (8), 627-633 (2001).  415 
8. Messmer, U.K., Pfeilschifter, J. New Insights into the Mechanism for Clearance of Apoptotic 416 
Cells. BioEssays. 22 (10), 878-881 (2000). 417 
9. Basu, S., Banerjee, D., Chandra, S., Chakrabarti, A. Eryptosis in Hereditary Spherocytosis and 418 
Thalassemia: Role of Glycoconjugates. Glycoconjugate Journal. 27 (9), 717-722 (2010). 419 
10. Kuypers, F.A. et al. Detection of Altered Membrane Phospholipid Asymmetry in 420 
Subpopulations of Human Red Blood Cells Using Fluorescently Labeled Annexin V. Blood. 87 (3), 421 
1179- 97 (1996). 422 
11. Lang, F., Lang, E., Fller, M. Physiology and Pathophysiology of Eryptosis. Transfusion 423 
Medicine and Hemotherapy. 39 (5), 308-314 (2012).  424 
12. Wróbel, A., Bobrowska-Hägerstrand, M., Lindqvist, C., Hägerstrand, H. Monitoring of 425 
Membrane Phospholipid Scrambling in Human Erythrocytes and K562 Cells with FM1-43 — a 426 
Comparison with Annexin V-FITC. Cellular and Molecular Biology Letters. 19 (2), 262-76 (2014) 427 
13. Mohandas, N., Gallagher, P.G. Red Cell Membrane: Past, Present, and Future. Blood. 112 428 
(10), 3939-3948 (2008).  429 
14. Barber, L.A., Palascak, M.B., Joiner, C.H., Franco, R.S. Aminophospholipid Translocase and 430 
Phospholipid Scramblase Activities in Sickle Erythrocyte Subpopulations. British Journal of 431 
Haematology. 146 (4), 447-455 (2009).  432 
15. Pretorius, E., Du Plooy, J.N., Bester, J. A Comprehensive Review on Eryptosis. Cellular 433 
Physiology and Biochemistry. 39 (5), 1977-2000 (2016). 434 
16. Suzuki, J., Umeda, M., Sims, P.J., Nagata, S. Calcium-Dependent Phospholipid Scrambling by 435 
TMEM16F. Nature. 468 (7325), 834-838 (2010).  436 
17. Bhuyan, A.A.M., Haque, A.A., Sahu, I., Coa, H., Kormann, M.S.D., Lang, F. Inhibition of 437 
Suicidal Erythrocyte Death by Volasertib. Cellular Physiology and Biochemistry. 43 (4), 1472–438 
1486 (2017). 439 
18. Chandra, R., Joshi , P.C., Bajpai, V.K., Gupta, C.M. Membrane Phospholipid Organization in 440 



   

Calcium-Loaded Human Erythrocytes. Biochimica et Biophysica Acta. 902 (2), 253–262 (1987). 441 
19. Alzoubi, K., Calabrò, S., Egler, J., Faggio, C., Lang, F. Triggering of Programmed Erythrocyte 442 
Death by Alantolactone. Toxins (Basel). 6 (12), 3596-612 (2014). 443 
20. Jacobi, J. et al. Stimulation of Erythrocyte Cell Membrane Scrambling by Mitotane. Cellular 444 
Physiology and Biochemistry. 4 (33), 1516-1526 (2014). 445 
21. Totino, P.R.R., Daniel-Ribeiro, C.T., Ferreira-da-Cru, M. Refractoriness of Eryptotic Red Blood 446 
Cells to Plasmodium Falciparum Infection: A Putative Host Defense Mechanism Limiting 447 
Parasitaemia. PLoS One. 6 (10), e26575 (2011). 448 
22. Borst, O. et al. Dynamic Adhesion of Eryptotic Erythrocytes to Endothelial Cells via 449 
CXCL16/SR-PSOX. American Journal of Physiology - Cell Physiology. 302 (4), C644-C651 (2011). 450 
23. Tagami, T., Yanai, H., Terada, Y., Ozeki, T., Evaluation of Phosphatidylserine-Specific Peptide-451 
Conjugated Liposomes Using a Model System of Malaria-Infected Erythrocytes. Biological and 452 
Pharmaceutical Bulletin. 38 (10), 1649-1651 (2015). 453 
24. Mahmud, H. et al. Suicidal Erythrocyte Death, Eryptosis, as a Novel Mechanism in Heart 454 
Failure-Associated Anaemia. Cardiovascular Research. 98 (1), 37-46 (2013).  455 
25. Signoretto, E., Castagna, M., Lang, F. Stimulation of Eryptosis, the Suicidal Erythrocyte Death 456 
by Piceatannol. Cellular Physiology and Biochemistry. 38 (6), 2300-2310 (2016). 457 
26. Lange, Y., Ye, J., Steck, T.L. Scrambling of Phospholipids Activates Red Cell Membrane 458 
Cholesterol. Biochemistry. 46 (8), 2233-2238 (2007).  459 
27. Lang, F. et al. Eryptosis, a Window to Systemic Disease, Cellular Physiology and 460 
Biochemistry. 22 (6), 373-380 (2008).  461 
28. Gil-Parrado, S. et al. Ionomycin-Activated Calpain Triggers Apoptosis. A Probable Role for 462 
Bcl-2 Family Members. Journal of Biological Chemistry. 277 (30), 27217-27226 (2002).  463 
29. Liu, C.M., Hermann, T.E., Characterization of Ionomycin as a Calcium Ionophore. Journal of 464 
Biological Chemistry. 253 (17), 5892-5894 (1978). 465 
30. Klarl, B.A. et al. Protein Kinase C Mediates Erythrocyte “Programmed Cell Death” Following 466 
Glucose Depletion. American Journal of Physiology - Cell Physiology. 290 (1), C244-C253 (2006). 467 
31. Danilov, Y.N., Cohen, C.M. Wheat Germ Agglutinin but Not Concanavalin A Modulates 468 
Protein Kinase C-Mediated Phosphorylation of Red Cell Skeletal Proteins. FEBS Letters. 257 (2), 469 
431-434 (1989). 470 
32. Nazemidashtarjandi, S., Farnoud, A.M. Membrane Outer Leaflet Is the Primary Regulator of 471 
Membrane Damage Induced by Silica Nanoparticles in Vesicles and Erythrocytes. Environmental 472 
Science Nano. 6 (4), 1219-1232 (2019). 473 
33. Jaroszeski, M.J., Heller, R. Flow Cytometry Protocols. Humana Press. Totowa, NJ  (2003).  474 
34. Ghashghaeinia, M. et al. The Impact of Erythrocyte Age on Eryptosis. British Journal of 475 
Haematology. 157 (5), 1365-2141 (2012). 476 
35. Repsold, L., Joubert, A.M. Eryptosis: An Erythrocyte’s Suicidal Type of Cell Death. Biomed 477 
Research International. 2018 (5), 9405617 (2018).  478 
36. Tait, J.F., Gibson, D., Fujikawa, K. Phospholipid Binding Properties of Human Placental 479 
Anticoagulant Protein-I, a Member of the Lipocortin Family. Journal of Biological Chemistry. 264 480 
(14), 7944-7949 (1989). 481 
37. Andree, H.A.M. et al. Binding of Vascular Anticoagulant α (VACα) to Planar Phospholipid 482 
Bilayers. Journal of Biological Chemistry. 265 (9), 4923-4928 (1990). 483 
38. Tait, J.F., Gibson, D.F., Smith, C. Measurement of the Affinity and Cooperativity of Annexin 484 



   

V-Membrane Binding under Conditions of Low Membrane Occupancy. Analytical Biochemistry. 485 
329 (1), 112-119 (2004).  486 
39. Jiang, P. et al. Eryptosis as an Underlying Mechanism in Systemic Lupus Erythematosus-487 
Related Anemia. Cellular Physiology and Biochemistry. 40 (6), 1391-1400 (2016).  488 
40. Chakrabarti, A., Halder, S., Karmakar, S. Erythrocyte and Platelet Proteomics in 489 
Hematological Disorders. Proteomics - Clinical Applications. 10 (4), 403-414 (2016). 490 



Figure 1-PNG File Click here to access/download;Figure;Figure 1-PNG.png

https://www.editorialmanager.com/jove/download.aspx?id=1121180&guid=2e3acf20-721b-4ed1-8118-81ffa7bb02b8&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1121180&guid=2e3acf20-721b-4ed1-8118-81ffa7bb02b8&scheme=1


Figure 2-PNG File Click here to access/download;Figure;Figure 2-PNG.png

https://www.editorialmanager.com/jove/download.aspx?id=1121181&guid=1945df77-3314-4055-b86b-92e4df374346&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1121181&guid=1945df77-3314-4055-b86b-92e4df374346&scheme=1


Figure 3-PNG File Click here to access/download;Figure;Figure 3-PNG.png

https://www.editorialmanager.com/jove/download.aspx?id=1121182&guid=8df99d33-b5c0-4407-9843-c84f5e57cc6a&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1121182&guid=8df99d33-b5c0-4407-9843-c84f5e57cc6a&scheme=1


Figure 4-PNG File Click here to access/download;Figure;Figure 4-PNG.png

https://www.editorialmanager.com/jove/download.aspx?id=1121183&guid=8723ade7-dc08-4bf7-a4b6-37de0d700ec4&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1121183&guid=8723ade7-dc08-4bf7-a4b6-37de0d700ec4&scheme=1


Figure 5-PNG Click here to access/download;Figure;Picture5-PNG.png

https://www.editorialmanager.com/jove/download.aspx?id=1121208&guid=75a8e7e5-9315-4cc1-9217-73f44e784628&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1121208&guid=75a8e7e5-9315-4cc1-9217-73f44e784628&scheme=1


Figure 6-PNG File Click here to access/download;Figure;Figure 6-PNG.png

https://www.editorialmanager.com/jove/download.aspx?id=1121185&guid=9c0c6485-7335-4461-a229-0b9ebd58ae69&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1121185&guid=9c0c6485-7335-4461-a229-0b9ebd58ae69&scheme=1


Cell density 

/hematocrit

Ionomycin 

concentration
Buffer

Pre-

incubation

Treatment 

time with 

ionomycin

Detection 

method

1.65 x 108 

cells/mL
0.3 mM Buffer A*

36 h in buffer 

A
1 h Annexin V

0.40% 1 mM
Ringer 

solution
48 h in Ringer 1 h Annexin V

50% 10 mM Buffer B** - 3 h
Merocyanine 

540

0.40% 1 mM
Ringer 

solution
48 h in Ringer 1 h Annexin V

0.40% 1 mM
Ringer 

solution
48 h in Ringer 1 h Annexin V

2% 1 mM
Ringer 

solution
- 4 h Annexin V

0.40% 1 mM
Ringer 

solution
- 0.5 h Annexin V

10% 1 mM
Ringer 

solution
- 3 h Annexin V

0.40% 10 mM
Ringer 

solution
- 0.5 h Annexin V

0.40% 1 mM
Ringer 

solution
48 h in Ringer 0.5 h Annexin V

2 x 106 cells/mL 1 mM

HEPES-

buffered 

saline (HBS)

- 0.5 h Annexin V

*Buffer A: 10 mM HEPES, 150 mM NaCl, 5 mM KCl, 1 mM MgCl2·6H2O, 10 mM glucose, and 1.8 mM CaCl2·2H2O

**Buffer B: 5 mM Tris, 100 mM KC1, 60 mM NaCl, and 10 mM glucose
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*Buffer A: 10 mM HEPES, 150 mM NaCl, 5 mM KCl, 1 mM MgCl2·6H2O, 10 mM glucose, and 1.8 mM CaCl2·2H2O



Name of Material/Equipment Company Catalog Number Comments/Description

96-well plate Fisher Scientific 12-565-331

Annexin V Alexa Fluor 488 - 

apoptosis kit
Fisher Scientific A10788 Store at 4 °C

BD FACSAria II flow cytometer BD Biosciences 643177

CaCl2 Fisher Scientific C79-500

Centrifuge Millipore Sigma M7157 Model Eppendorf 5415C 

Confocal fluorescence microscopy
Zeiss, LSM Tek 

Thornwood

Model LSM 510, Argon 

laser excited at 488 nm 

for taking images

Cover glasses circles Fisher Scientific 12-545-100

Disposable round bottom flow 

cytometry tube
VWR VWRU47729-566

DMSO Sigma-Aldrich 472301-100ML

DPBS VWR Life Science SH30028.02

Glucose monohydrate Sigma-Aldrich Y0001745

HEPES Buffer (1 M) Fisher Scientific 50-751-7290 Store at 4 °C 

Ionomycin calcium salt
EMD Milipore 

Corp.
407952-1MG

Dissolve in DMSO to reach 

2 mM. Store at -20 °C 

KCl Fisher Scientific P330-500

MgSO4 Fisher Scientific M65-500

Microcentrifuge tube Fisher Scientific 02-681-5

NaCl Fisher Scientific S271-500

Plain glass microscope slides Fisher Scientific 12-544-4

Synergy HFM microplate reader BioTek

Whole blood in ACD Zen-Bio
Store at 4 °C and warm to 

37 °C prior to use
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We would like to thank the editor and the reviewers for their thorough review of the manuscript. 

Below, please find each comment followed by our response.  

 

Editorial comments: 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no 

spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in 

the submitted revision may be present in the published version. 

We have performed a thorough proofreading of the manuscript. 

 

2. All methods that involve the use of human or vertebrate subjects and/or tissue sampling must 

include an ethics statement. Please provide an ethics statement at the beginning of the protocol 

section indicating that the protocol follows the guidelines of your institution. 

We follow the guidelines of the Declaration of Helsinki for experiments dealing with human 

subjects. However, all human blood used in the experiments were purchased as de-identified 

samples and no human subjects were directly involved or recruited for this study. We have 

noted this point at the start of the protocol.  

 

3. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. Step 1 

followed by 1.1, followed by 1.1.1, etc. Each step should include 1−2 actions and contain 2−3 

sentences. Use subheadings and substeps for clarity if there are discrete stages in the protocol. 

Please refrain from using bullets, dashes, or indentations. 

The numbering has been revised.  

 

4. 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: 

Eppendorf, FlowJo software, Tree Star, Inc., etc. 

All commercial names are removed and general terms are used.  

 

5. Please add more details to your protocol steps. 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 
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reviewer comments.docx
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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. 

More details are added in various steps of the protocol.  

 

6. Lines 93-94: Please specify the source of whole blood. What volume of ACD is used here? 

Both points have been addressed in the revised manuscript. 

 

7. Line 97, 107: Please list an approximate volume to prepare. 

Volumes are included in these sections.  

 

8. Line 100: What volume is used to wash? What are the centrifugation parameters (force in x g, 

time and temperature)? 

Volume, force, time, and temperature are included.  

 

9. Lines 112, 141: What volume is used to wash? 

Volumes are included. 

 

10. Line 122: Please describe how the treatment is done and specify the temperature. 

More details are added to explain how the treatment was done and temperature is included.  

 

11. Lines 154-160: Software steps must be more explicitly explained ('click', 'select', etc.). Please 

add more specific details (e.g., button clicks or menu selections for software actions, numerical 

values for settings, etc.). 

More details are added in software steps.  

 

12. Please combine some of the shorter Protocol steps so that individual steps contain 2-3 actions 

and maximum of 4 sentences per step. 

Steps are revised accordingly. 

 

13. Please include single line spacing between each numbered step or note in the protocol. 

Single line spacing has been used.  

 



14. 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. 

Protocol steps are highlighted in yellow to be featured in the video. 

 

15. 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. 

Complete sentences are now highlighted. 

 

16. References: Please do not abbreviate journal titles; use full journal name. 

Journal titles are revised and full names are used.  

 

17. 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 

materials alphabetically by material name. 

Table of materials has been revised.  

  



Reviewer #1: 

Manuscript Summary: 

In this article, the authors have presented an easy to follow, easily adaptable protocol to induce 

eryptosis. I found the article to be clearly written, and I have only minor concerns, as listed below. 

We thank the reviewer for their positive comments. 

Major Concerns: 

N/A 

Minor Concerns: 

1. In the protocol, section 1, step 2, the authors state "remove the plasma and buffy coat using a 

pipette." To make the protocol even more readily accessible to someone who might be new to 

this field, a little more detail might be helpful. For example: "remove the clear plasma and the thin 

buffy coat using a pipette, to leave the red erythrocyte layer." I do realize that this point is less 

important, given that the article will be accompanying a video. 

The sentence is revised and more details are added.  

2. When the authors describe centrifuge speeds, they often write, for example, "700 g." This 

should more accurately be "700 x g". 

All centrifuge speeds are revised.  

3. In the protocol, the authors switch back and forth between "erythrocytes" and "hematocrit". For 

example, in step 2, the authors state "Add 1 mL of the 0.4% hematocrit" but in step 3, "treat 

erythrocytes". Is it possible to use a single term throughout the protocol for clarity? 

Erythrocytes refer to cells while hematocrit refers to the cell suspension. For example, 0.4% 

hematocrit means 0.4 vol% of erythrocytes in 100 total vol% of buffer. 

4. There are two step 2s in section 3 of the protocol. 

The numbering is changed.  

  



Reviewer #2: 

Major Concerns: 

I have one very important questions, What is the need of this project if many other papers already 

present in which ionomycin used as a inducer of eryptosis. I have worked alot in this field and 

used ionomycin in my experiments with same concentration and duration of treatment. Please 

compare your work with other people who used ionphores to treat erythrocytes and induce 

erythrocytes. Before proceeding to review, please the Clear me novality of your work with 

examples. 

We thank the reviewer for their comment. However, we would like to note that we have not claimed 

novelty in this manuscript. In fact, we provided a table referring to studies in which ionomycin is 

used. Rather, we have tried to provide a step-by-step protocol for eryptosis, which is a seemingly 

simple procedure, but has many small roadblocks.   

  



Reviewer #3: Manuscript Summary: 

In this manuscript the authors present a new step-by-step procedure to induce eryptosis in human 

erythrocytes. The authors state that the use of ionomycin is widely carried out and that there is a 

lot of discrepancy in the methodology used. Then, they design a protocol to induced eryptosis in 

human erythrocytes using ionomycin. 

Major Concerns: 

Although this is an interesting idea, the manuscript suffers from lack of scientific rigor. Studies to 

publish protocols should include a large number of trials, which does not happen in this work. 

The paper needs more quality of the research process. 

1) The statistical test used in this study (t-test) is not correct. Can the authors ensure that their 

sampling has a normal distribution? They also have a very low "n". They should use a non-

parametric test. 

We thank the reviewer for raising this important point. All statistical analyses were repeated and 

replaced with non-parametric ANOVA. Accordingly, the figures and legends for Figures 2, 4, and 

5 were updated.   

 

2) Do the control treatments have DMSO added to avoid any effect of it?  

We did not add DMSO to control. This is because DMSO was diluted 2000 times for all samples 

and was not expected to affect the controls. However, if the reviewer believes such an experiment 

is necessary, we would be happy to perform it. 

 

3) Page 6: Studies of time and concentration should not be independent. Better results could be 

obtained by lowering the amount of ionomycin and increasing the exposure time, while more 

closely resembling a pathological situation (Fig 1 and 2). 

We thank the reviewer for this suggestion. We repeated the experiments with lower 

concentrations of ionomycin (0, 0.25, 0.5, and 1 µM) and for longer treatment times (6 and 12 

hours). These experiments (shown in Figure 3) did not result in a higher level of eryptosis and the 

rest of the figures were kept at original values of 1 µM and 2 hours of incubation. We have noted 

this point in the revised manuscript.  

 

4) Figure 2: What percentage of eryptosis showed time 0? The authors should include it in the 

figure. 

The figure is revised and eryptosis at time 0 is included.  



 

5) Figure 2: What percentage of hemolysis exists at 120 min? 

Percentage of hemolysis at all time points are included in Figure 2F.  

 

6) Figure 2: Why does the percentage of eryptosis decrease at 180 min? Is there a lot of hemolysis 

at that time? 

Yes. A higher level hemolysis was observed at 180 minutes of treatment (Figure 2F). We have 

noted this point in the manuscript.   

 

7) Figure 3 y 4: The data plotted in Figures 3 and 4 come from the same analysis. Authors should 

bring them together into a single figure. 

These figures are now combined in Figure 4.  

 

8) Figure 5: Perform GM intensity statistics. 

GM intensity statistic is performed and the results are presented in Figure 5E.  

 

9) Legend of Figure 6: Is the magnification reported correct? Are the eyepiece and objectives 

taken into account? 

These are objective magnifications. Caption for Figure 6 is corrected.  

 

10) Authors should perform a statistical analysis with the results of different trials to ensure: "The 

cells incubated in glucose-free Ringer solution show less forward scatter compared to the cells 

incubated in glucose-containing buffer (Figure 5), indicating extensive cell shrinkage in the 

glucose-free environment." 

Statistical analysis is preformed and the results are presented in Figure 5E.   

Minor Concerns: 

Legend of Figure 4: remove the sentence "No indication is for p>0.05."from the figure. 

It is removed.  
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