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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 



   

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 
DISCUSSION: 293 
The goal of this procedure is to provide optimal values for ionophore concentration, treatment 294 
time, and extracellular glucose concentration, which are important factors in ensuring 295 
successful induction of eryptosis. A critical step in the protocol is the depletion of extracellular 296 
glucose, which, despite its importance, has not been sufficiently emphasized in the literature. 297 
The sugar content in normal Ringer solution (5 mM) has an inhibitory effect on eryptosis. 298 
Glucose depletion in the extracellular environment induces cellular stress and activates protein 299 
kinase C (PKC), resulting in the activation of calcium and potassium channels. This results in an 300 
increase in the entry of Ca2+ in the cytosolic space30,31,34 and ultimately activates the 301 
scramblase16, which increases eryptosis. Activation of potassium channel also results in 302 
potassium chloride leakage out of the cell, which leads to erythrocyte shrinkage35. 303 
 304 
The procedure outlined above needs to be performed with specific attention to hemolysis. It is 305 
important to use an optimized ionophore concentration, which is high enough to induce 306 
eryptosis, and low enough to prevent hemolysis. Similarly, incubating erythrocytes with 307 
ionomycin for a short period of time results in low eryptosis while very long incubation may 308 



   

lead to cell membrane disruption and hemolysis. It should also be noted that while the 309 
presented protocol is highly reliable when performed on the same erythrocyte sample, cells 310 
from different individuals respond differently to ionomycin and there might be inter-subject 311 
variability between different samples.  312 
 313 
Particular attention should be paid to data analysis from flow cytometry. The percentage 314 
eryptosis obtained from the flow cytometer indicates the percentage of cell population with PS 315 
on their outer leaflet. However, cells with different intensities of annexin-V binding cannot be 316 
distinguished based on this number. Annexin-V binds to the PS exposed on cell surface, with a 317 
very high affinity and high specificity to PS36-38. However, as shown in the microscopy images in 318 
this report, different cells show differences in annexin-V binding intensity. The cells with low PS 319 
on their membranes have low fluorescence intensities, whereas higher PS occupancy on cell 320 
membrane results in higher fluorescence intensities.  321 
 322 
The protocol presented in this paper can be modified by increasing the extracellular Ca2+ 323 
concentration. In this protocol, ionomycin was used to induce eryptosis in the presence of 1 324 
mM CaCl2; higher Ca2+ concentrations might lead to enhanced intracellular calcium levels and 325 
may induce more eryptosis. In addition, different calcium ionophores, such as selectophore and 326 
calcimycin, might have different ability to enhance the intracellular concentration of Ca2+, 327 
compared to ionomycin, and could result in different eryptosis values. However, consistent 328 
eryptosis of erythrocytes can be achieved using ionomycin with the outlined protocol and can 329 
be used in the laboratory to examine the molecular mechanisms of eryptosis, mimic diseased 330 
conditions39,40 in vitro, and screen potential therapeutics that inhibit eryptosis, among other 331 
applications. 332 
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FIGURE AND TABLE LEGENDS: 435 
 436 

 437 
Figure 1: Representative graphs of the effect of various ionomycin concentrations on 438 
eryptosis and hemolysis. Flow cytometry histograms of erythrocytes treated with (A) 1 µM, (B) 439 
5 µM, and (C) 10 µM ionomycin (gray) at 37 °C at 0.4% hematocrit in Ringer solution for 2 h. 440 
Black line indicates non-treated cells. Percentage of eryptosis is indicated in each figure. 441 
Phosphatidylserine exposure was measured using annexin-V binding. (D) Arithmetic means ± SD 442 
(n = 3) of the percentage eryptosis of cells treated with different concentrations of ionomycin 443 
after 2 h treatment, and (E) arithmetic means ± SD (n = 3) of hemolysis of erythrocytes by 444 
different concentrations of ionomycin under same conditions.  445 
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 446 
Figure 2: Representative figures on the effect of various ionomycin treatment times on 447 
eryptosis. Flow cytometry histograms of erythrocytes treated with 1 µM ionomycin (gray) at 37 448 
°C for (A) 30 min, (B) 60 min, (C) 120 min, and (D) 180 min at 0.4% hematocrit in Ringer 449 
solution. Black line indicates non-treated cells. Percentage of eryptosis is indicated in each 450 
figure. Phosphatidylserine exposure was measured through annexin-V binding. (E) Arithmetic 451 
means ± SD (n = 3) of percentage eryptosis of cells treated with 1 µM ionomycin for different 452 
times. The highest eryptosis was obtained after 120 min treatment. (F) Arithmetic means ± SD 453 
(n = 3) of percentage hemolysis of cells treated with 1 µM ionomycin for different times. For 454 
statistical analysis, one-way non-parametric ANOVA with Kruskal-Wallis test was performed, 455 
and eryptosis after 120 min treatment was significantly higher than control as indicated in 456 
panel E. * is for p < 0.05. 457 

2.59%

103100

200

400

600

800

101 102 104

Annexin-V-Fluorescence

N
u

m
b

er
 o

f 
ce

ll
s

3.65%

103100

200

400

600

800

101 102 104

Annexin-V-Fluorescence

N
u

m
b

er
 o

f c
el

ls

3.03%

103100

200

400

600

800

101 102 104

Annexin-V-Fluorescence

N
u

m
b

er
 o

f 
ce

ll
s

1.14%

103100

200

400

600

800

101 102 104

Annexin-V-Fluorescence

N
u

m
b

er
 o

f 
ce

ll
s

(A) (B)

(C) (D)

(E) (F)

0 30 60 120

Treatment time (min)

5

10

15

H
em

o
ly

si
s 

(%
)

0
1800 30 60 120 180

0

5

10

15

Treatment time (min)

H
em

o
ly

si
s 

(%
)

0 30 60 120 180
0

2

4

6

8

10

Treatment time (min)

E
ry

p
to

si
s 

(%
)

2

4

6

8

E
ry

p
to

si
s 

(%
)

0 30 60 120

10

Treatment time (min)

0

*

180



   

 458 
Figure 3: Effect of various ionomycin concentrations and treatment times on eryptosis. 459 
Arithmetic means ± SD (n = 3) of the percentage eryptosis of cells treated with different 460 
concentrations of ionomycin is shown after various treatment times. The cells were treated 461 
with low concentrations of ionomycin including 0, 0.25, 0.5, and 1 µM for longer exposure (6 h 462 
and 12 h). Higher concentrations and longer treatments resulted in higher eryptosis values.  463 
 464 
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 466 
Figure 4: Effect of energy depletion on eryptosis. (A) Flow cytometry histogram for 467 
erythrocytes treated with 1 µM ionomycin (gray) at 37 °C for 2 h at 0.4% hematocrit, after pre-468 
incubation in glucose-free Ringer solution (top figures) and Ringer solution (bottom figures) 469 
from 1 to 7 days, reveals that energy depletion facilitates eryptosis. Black line indicates non-470 
treated cells. Percentages of eryptosis are indicated in the graphs for each day. (B) Arithmetic 471 
means ± SD (n = 3) of the percentage eryptosis of erythrocytes treated with 1 µM ionomycin at 472 
37 °C for 2 h at 0.4% hematocrit, after pre-incubation in Ringer solution (black bars) and 473 
glucose-free Ringer solution (white bars) from 1 to 7 days.  474 
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 476 
Figure 5: Effect of energy depletion on cell size. Forward scatter histogram for erythrocytes 477 
treated with 1 µM ionomycin at 37 °C for 2 h at 0.4% hematocrit, after pre-incubation in 478 
glucose-free Ringer solution (gray) and Ringer solution (black line) for (A) 1 day, (B) 3 days, (C) 479 
5 days, and (D) 7 days. The forward scatter histogram over time indicates erythrocyte shrinkage 480 
in glucose-free buffer. (E) Arithmetic means ± SD (n = 3) of forward scatter intensities of 481 
erythrocytes treated with 1 µM ionomycin at 37 °C for 2 h at 0.4% hematocrit, after pre-482 
incubation in Ringer solution (black bars) and glucose-free Ringer solution (white bars) from 1 483 
to 7 days.  484 
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 486 
Figure 6: Confocal fluorescence microscopy images of erythrocytes treated with (A) 0 µM, (B) 487 
and (C) 1 µM ionomycin at 37 °C for 2 h at 0.4% hematocrit. 40x objective magnification was 488 
used for images in panels A and B, and 100x objective magnification was used to take images 489 
for panel C. PS in healthy erythrocytes is located on the inner leaflet of the cell membrane, 490 
therefore there is no fluorescence signal in panel A. In panels B and C erythrocytes have been 491 
induced for eryptosis and there is a bright fluorescence signal resulting from the binding of 492 
annexin-V to PS translocated to the outer leaflet of the cell membrane.  493 
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Table 1: Various protocols used in the literature to induce eryptosis using ionomycin. 496 

 497 

Cell density 
/Hematocrit

Ionomycin 
concentration

Buffer
Pre-

incubation

Treatment 
time with 
ionomycin

Detection 
method

Reference

1.65*108

cells/ml
0.3 M Buffer A*

36 h in 
buffer A

1 h Annexin V 12

0.4% 1 M
Ringer 

solution
48 h in 
Ringer

1 h Annexin V 17

50% 10 M Buffer B** - 3 h
Merocyanine

540
18

0.4% 1 M
Ringer 

solution
48 h in 
Ringer

1 h Annexin V 19

0.4% 1 M
Ringer 

solution
48 h in 
Ringer

1 h Annexin V 20

2% 1 M
Ringer 

solution
- 4 h Annexin V 21

0.4% 1 M
Ringer 

solution
- 0.5 h Annexin V 22

10% 1 M
Ringer 

solution
- 3 h Annexin V 23

0.4% 10 M
Ringer 

solution
- 0.5 h Annexin V 24

0.4% 1 M
Ringer 

solution
48 h in 
Ringer

0.5 h Annexin V 25

2*106

cells/ml
1 M HBS - 0.5 h Annexin V 26

*Buffer A: 10 mM HEPES, 150 mM NaCl, 5 mM KCl, 1 mM MgCl2x6H2O, 10 mM glucose, and 1.8 mM
CaCl2x2H2O
**Buffer B: 5 mM Tris, 100 mM KC1, 60 mM NaCl, and 10 mM glucose


