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Abstract

The PC12 cell line is a widely used in vitro model for screening the neuroprotective activity of 

small molecule libraries. External insult due to serum deprivation or addition of etoposide induces 

cell death by apoptosis. While this screening method is commonly used in early stage drug 

discovery no protocol accounting for cell passage number effect on neuroprotective activity has 

been disclosed. We herein report that passage variation results in false-positive/false-negative 

identification of neuroprotective compounds; undifferentiated PC12 cells with high passage 

number are less sensitive to injury induced by serum-deprivation or etoposide treatment. In 

contrast, NGF differentiated PC12 cells of later passage number are more sensitive to injury 

induced by etoposide than lower passage number but only after 72 h. Passage number also affects 

the adherence phenotype of the PC12 cells, complicating screening assays. We report an optimized 

protocol for screening the neuroprotective activity of small molecules in PC12 cells, which 

accounts for passage number variations.
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1. INTRODUCTION

Cell-based assays for high, medium and low throughput screening of bioactive small 

molecules are a mainstay of the drug discovery process. In the area of neurodegenerative 

drug discovery the PC12 cell line has become almost ubiquitous as an early stage in vitro 

model system, capable of mimicking the disease state of many disorders depending on the 

external insult and pathophysiology modeled. PC12 is a rat pheochromocytoma cell line, 

derived from the adrenal gland, the cell line is noradrenergic in nature and differentiates into 

mature neurons in response to nerve growth factor (NGF).1 The use of NGF is known to 

induce neuroprotection against serum deprivation, camptothecin and etoposide-induced 

cellular death.2,3 PC12 cells offer several advantages over primary cultured cortical neurons, 

including the ability to provide high throughput culturing output and retention of a mature 

neuron phenotype, which can be lost in primary neurons isolated from embryonic brain.

The PC12 cell line has been employed as a general in vitro model to determine the 

neuroprotective ability of small molecules through induction of cell death by external insult 

using serum deprivation,2 camptothecin,2 hydrogen peroxide,4 or etoposide.3 The cell line 

has seen widespread use as a model of neurodegenerative diseases. Parkinson’s disease can 

be modeled by inducing injury using 6-hydroxydopamine (6-OHDA) or 1-methyl-4-

phenylpyridinium (MPP).5 Alzheimer’s disease can be modeled by external insult using β-

amyloid peptide-(1–42).6 Amyotrophic lateral sclerosis (ALS) can be modeled by using 

cells transfected to express fluorescent protein fused mutant SOD1G93A, which induces cell 

death.7,8 Ischemic stroke can be modeled by external insult through oxygen and glucose 

deprivation.9

Of the myriad of agents and conditions available to induce external insult, serum deprivation 

and exposure of the cell line to the cytotoxic agent etoposide represent excellent choices to 

determine the general ability of compounds under investigation to protect neuronlike PC12 

cells from apoptotic cell death, a major, but not sole, process of neurodegenerative disease 

pathophysiology.10 Serum deprivation induces apoptosis in PC12 cells by activating 

caspases, particularly caspase-2 and capsase-3.11–13 Etoposide induces apoptosis in PC12 

cells without oligonucleosomal DNA fragmentation.14 These processes and conditions are 

particularly useful when studying a disease with poorly defined pathophysiology as neuronal 

apoptosis plays a significant role in neurodegeneration.10,15

The protective ability of small molecules in PC12 cellular assays is quantified by cell 

viability measurement using a number of fluorescent or nonfluorescent dyes. Popular cell 

viability agents include Resazurin (7-hydroxy-3H-phenoxazin-3-one 10-oxide),16 the 

tetrazolium dyes 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT),17 

((3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-

tetrazolium)) (MTS),18 and 2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-

carboxanilide (XTT),19 and the water-soluble tetrazolium salts, propidium iodide staining,20 
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or the diazo dye Trypan Blue.21 The recently disclosed PrestoBlue dye possess several 

advantages over the tetrazolium-based and resazurin dyes including very high sensitivity that 

make it ideal for use as a cell viability agent.22

Protocols detailing external conditions and agents to induce cell death and the use of dyes to 

quantify cell viability have been extensively published. However, comprehensive details are 

often omitted and very few protocols report on the PC12 passage number of the cells 

employed.

Herein we report significant passage variation in PC12 cells that leads to inconsistent 

susceptibility to externally induced apoptosis. Relatively small changes in passage number 

lead to a shift in phenotype of the PC12 cells that results in reduced effect of serum 

deprivation and etoposide-induced cell death in undifferentiated cells and enhanced 

susceptibility in differentiated PC12 cells. This may result in false-positive or false-negative 

identification of neuroprotective compounds. While others have reported passage variation 

in different aspects of PC12 cell behavior,23–26 this is the first report of undifferentiated 

PC12 cells experiencing decreased cell death (greater “protection”) upon exposure to 

external insult by etoposide or serum deprivation as a result of later passage number and the 

observation of greater susceptibility to etoposide-induced apoptosis in differentiated PC12 

cells of later passage number. We report an optimized protocol for screening neuroprotective 

molecules against serum deprivation and etoposide-induced cell death in PC12 cells using 

PrestoBlue as a model cell viability agent.

2. RESULTS AND DISCUSSION

2.1. Optimization of PC12 Seeding Density and Incubation Time of Cell Viability Agent

PC12 cells were plated in a 96-well plate at 25 × 103, 50 × 103, 100 × 103, and 200 × 103 

cells per well and allowed to adhere overnight. The plate was excluded from light, 

PrestoBlue cell viability agent was added, and fluorescence measured at excitation 560 ± 9 

nm and emission 590 ± 9 nm every 10 min over the course of 1 h. The optimum cell density 

based on the magnitude of fluorescence response in relative fluorescent units (RFU) (Figure 

1a) and considering the 48 h doubling time of PC12 cells (to avoid cells in the wells from 

reaching confluence under normal conditions) (Figure 1b) was determined to be 50 × 103 

cells/well.

The optimum incubation time of PrestoBlue cell viability agent for 50 × 103 PC12 cells/well 

was determined to be 30 min. A linear range of fluorescence was observed until 30 min with 

a slight plateau beyond 30 min. The fluorescence readings for 50 × 103 cells/well were 

statistically significant at 30 (p < 0.001), 40 (p < 0.0001), 50 (p < 0.0001), and 60 (p < 

0.0001) minutes when compared to the initial 10 min reading (data not shown).

2.2. Effect of PC12 Cell Passage Number on Cell Viability under Serum Deprivation 
Conditions

PC12 cells grow as a suspension in culture media, and are adherent in collagen coated 

flasks. Due to the tendency of PC12 cells to detach during the assay procedure, even on 

collagen coated flasks, the assay and subsequent experimental conditions were optimized 
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irrespective of the use of adherent or suspension phenotype cells. PrestoBlue cell viability 

reagent provides a strategic advantage over other reagents when continuous assessment of 

cell viability is required. PrestoBlue is a cell permeable nonfluorescent reagent that is 

rapidly taken up by cells. The reducing environment within viable cells converts Prestoblue 

to a red-fluororescent cell permeable dye. In assays using PrestoBlue the change in 

fluorescent intensity can be detected either by directly reading the cell plates or by reading 

supernatant media aliquots, unlike in the MTT assay which requires the dissolution of 

formazan crystals formed within the cells and termination of the experiment.

We adopted a published method of inducing cell death in PC12 cells using serum 

deprivation.2 When PC12 cells (passage 17–19) were exposed to serum-free (0% serum 

containing media) conditions for 60 h, we observed 57% RFU compared to vehicle control 

(Figure 2a). Interestingly, when the same experiment was performed using earlier passages 

of PC12 cells (passage 6 and 7), we observed 19% RFU compared to vehicle control (Figure 

2b), a decrease of 38% compared to values obtained in passage 17–19 PC12 cells, which 

was statistically significant (p < 0.0001) (Figure 2c); RFU values of vehicle control were 

comparable at 7000 and 6200 for passage 17–19 and passage 6–7 PC12 cells, respectively. If 

these two sets of results were included in a screening assay, it would lead to the erroneous 

conclusion that compounds screened in the later passage number PC12 cells possess greater 

protective activity than those screened in lower passage number cells and hence a high false-

positive rate. While suitable controls would reduce this occurrence the experiments would 

need to be repeated in lower passage number cells, resulting in a significant loss of time and 

resources.

2.3. Optimization of Serum Deprivation Experiments

Based on the preceding studies, we further optimized the serum deprivation conditions in 

PC12 cells. PC12 cells were cultured in two different concentrations of serum (0.5% and 

0.1%) containing culture medium. Passage 14 PC12 cells were plated in a 96-well plate with 

0.5% serum containing media to deprive the cells of serum. Surprisingly, after 96 h under 

reduced serum conditions cell viability remained significantly high at 254% compared to 

control, suggesting exponential cell proliferation even under 0.5% serum conditions. Cell 

viability between control and serum deprived cells was significantly (p < 0.01) reduced only 

at 96 h (Figure 3a). When PC12 cells (passage 15) were plated in 0.1% serum containing 

media we observed ∼50% cell viability after 60 h (Figure 3b). When these conditions (0.1% 

serum, 60 h time point) were repeated in passage 12 PC12 cells we observed 18% RFU in 

the serum deprivation group (Figure 3c) after 60 h. The known neuroprotective compound 

flupirtine27 at 3 μM demonstrated a protective effect, increasing cell viability to 

approximately 26%, which was statistically significant (p < 0.01) compared to nontreated 

serum deprived cells (Figure 3c). Although the observed magnitude of increase in cell 

viability was statistically significant a greater magnitude is desirable for comparative 

purposes, to this end we chose to use the 24 h incubation time point under reduced 0.1% 

serum conditions (Figure 4).

To obtain a cell viability of approximately 50%, PC12 cells (passage 12) were plated in 

wells containing 0.1% serum and cell viability determined across several time points. 
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Approximately 50% cell death was observed between 24 and 36 h when measured using 

PrestoBlue (Figure 4a and b). Using these optimized conditions (0.1% serum, 24 h time 

point), cell viability was measured in PC12 cells (passage 9–13) to determine the effect of 

the known neuroprotective compound flupirtine. Again approximately 50% cell death was 

observed at 24 h and flupirtine (3 μM) demonstrated protective effect which was statistically 

significant (p < 0.0001 compared to serum deprivation) (Figure 4c). Based on the observed 

passage variations in the prior experiments, PC12 cells with a strict passage range of 9 to 13 

retain constant cell viability when exposed to serum deprivation conditions (Figure 4c). An 

increase in RFU was observed at 12 h in PC12 cells growing under 0.1% serum (Figures 3b 

and 4a) which may be due to increased metabolic activity in the cells to compensate for 

decreased serum levels. The results obtained from the PrestoBlue assay were further verified 

by employing a lactate dehydrogenase (LDH) release assay. Early (passage 9–13) and late 

(passage 17–19) passage PC12 cells were grown in 0.1% serum containing medium and 

LDH release was measured after 60 h. A similar trend was observed in the LDH assay and 

the results were statistically significant (p < 0.0001) between early and late passage number 

(Figure 4, inset).

2.4. Optimization of Etoposide-Induced Apoptosis in PC12 Cells

PC12 cells (passage 9–13) were used to optimize an etoposide-based protection assay. 

Etoposide is a known anticancer agent, which can induce apoptosis by inhibiting 

topoisomerase II.28 Etoposide at 15 μg/mL concentration was used for this experiment based 

on a previously reported method.29 PC12 cells (passage 9–13) were plated in a 96-well plate 

and were cultured overnight. The cells were then treated with 15 μg/mL etoposide. Cell 

viability was measured using PrestoBlue dye every 24 h for 72 h. Approximately 50% viable 

cells remained after 48 h of treatment (Figure 5a). The assay was validated using flupirtine 

(3 μM) in PC12 cells (passage 9–13), which after 48 h resulted in an increase of cell 

viability by 38% compared to etoposide treatment, demonstrating statistically significant 

protection (p < 0.0001) (Figure 5b).

NGF is known to be cytoprotective against several insults including serum deprivation, 

hydrogen peroxide, oxygen and glucose deprivation.2,30,31 NGF mediated differentiation of 

PC12 cells occurs over a period of five to eight days, limiting the use of differentiated PC12 

cells for high throughput screening. We sought to verify if a significant difference of 

sensitivity to induced insult exists in differentiated PC12 cells due to passage number as 

observed in undifferentiated PC12 cells. PC12 cells were differentiated by treatment with 

NGF (100 ng/mL) and incubated for eight days,1 the cells were then treated with etoposide 

(15 μg/mL) to induce apoptosis. The observed reduction in RFU was statistically significant 

compared to 0 h (p < 0.0001) at 48 and 72 h after treatment with etoposide in both early and 

late passage (Figure 6a, b). No statistical difference was observed in RFU at 24 and 48 h 

between early and late passage differentiated PC12 cells. However, a statistically significant 

difference (p < 0.0001) was obtained between the RFU at 72 h between early and late 

passage cells with an absolute RFU of 48% in the early passage and 38% in the later passage 

cells (Figure 6c).
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3. CONCLUSION

We report the optimization and validation of a medium to high throughput neuroprotection 

assay using PrestoBlue dye in PC12 cells. The PrestoBlue cell viability agent has many 

advantages over other commonly employed cell viability determinants.22,32 PrestoBlue 

represents a feasible cell viability agent for both adherent and suspension cell lines while the 

dye can be removed by washing with PBS allowing the cells to be reused for other 

experiments.33

A significant passage number variation was shown to exist in PC12 cells, influencing the 

susceptibility of this cell line to external insult. Later passage numbers (above 14) reduce the 

sensitivity of undifferentiated PC12 cells to insults from both etoposide and serum 

deprivation, providing an inherently greater “protective” effect. Similar results have been 

reported against injury induced by 6-OHDA where cells with passage number 5 were more 

sensitive to the injury compared to cells with passage number 16.23 The same group also 

reported that higher passage number of PC12 cells were more sensitive to injury induced by 

lead and arsenic compared to lower passage.23

Optimized protocols have been developed for both serum deprivation and etoposide-induced 

apoptosis of PC12 cells (passage 9–13) using PrestoBlue. The accuracy of these protocols 

were confirmed by observance of the neuroprotective effect of the known neuroprotective 

compound flupirtine. It is recommended to screen molecules of interest in at least two 

different types of assay using different methods to induce external insult. Molecules that 

show a protective effect under both assay conditions would ensure that screened compounds 

do not act by replacing etoposide at its binding site but are in fact neuroprotective.

It should be noted that NGF prevents PC12 cells from undergoing cell death under serum 

deprivation conditions,2 preventing the use of differentiated PC12 cells in the serum 

deprivation experiments. However, we show that NGF differentiated PC12 cells do exhibit 

variable sensitivity to etoposide-induced apoptosis. Later passage number cells are more 

sensitive to etoposide-induced apoptosis than earlier passage differentiated cells, the 

opposite trend as seen in undifferentiated cells, albeit only after 72 h. A large number of 

phenotypic changes occur upon differentiation of PC12 cells, possibly accounting for this 

observed sensitivity to externally induced apoptosis. Differentiated PC12 cells have been 

shown to be more sensitive to EtOH-induced apoptosis than their undifferentiated 

counterparts,34 a similar trend was noted upon exposure to HgCl2.35 In other accounts, 

differentiated PC12 cells were shown to be less sensitive to apoptosis induced by pteridine 

exposure than differentiated cells.36 We propose that passage number is a critical factor in 

determining sensitivity to externally induced apoptosis across both differentiated and 

undifferentiated PC12 cells and a passage range of 9–13 provides sufficient accuracy and 

invariability to determine neuroprotective efficacy of candidate compounds.

In conclusion, we report for the first time an optimized protocol for the screening of 

neuroprotective activity of small molecules in PC12 cells using PrestoBlue cell viability 

agent. This protocol accounts for the variation of the inherent “protective effect” 

demonstrated by later passage number undifferentiated PC12 cells and the greater sensitivity 
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of later passage number differentiated PC12 cells to etoposide-induced apoptosis, an 

observation that has critical implications in drug discovery screening but one that has never 

previously been reported for the common etoposide and serum deprivation conditions 

employed to induce cell death. These studies provide consideration of an additional 

parameter (passage number) to enhance the scientific rigor of neuroprotective screens using 

PC12 cells in neurologic-based drug discovery processes.

4. METHODS

4.1. Cell Culture and Media

PC12 cells were obtained from ATCC (CRL-1721) and cultured in RPMI 1640 (Corning, 

10–040-CV) supplemented with 10% heat inactivated horse serum (Corning, 35-030-CV), 

5% fetal bovine serum (Corning, 35-010-CV), 1% penicillin streptomycin (Corning, 30-002-

CI) and maintained as monolayer cultures in a humidified atmosphere containing 5% CO2 at 

37 °C. Complete media was diluted appropriately to make serum deprived media containing 

0.5% or 0.1% serum. T-75 flasks and 96-well plates were coated with 100 μg/mL Rat Tail 

Collagen I (Corning, 354249) prepared in 0.02 N acetic acid solution. The flasks and plates 

were coated for 4 h and washed with sterile double distilled water. The coated flasks and 

plates can be stored for up to a week at 4 °C. The cells obtained from ATCC were 

considered as passage 1 and the subsequently cultured cells as passage 2 and onward. The 

protocols for culturing and subculturing were used from published protocols.5 Etoposide 

(Chem-Impex International, 28435) was stored as a working stock solution of 150 μg/mL at 

−20 °C for up to 3 months. Etoposide is sensitive to freeze–thaw cycles and thus the number 

of free-thaw cycles was limited to one. The LDH assay was performed based on the 

manufacturer’s recommended protocol (ThermoFisher Scientific, Pierce LDH Cytotoxicity 

Assay Kit, 88954).

4.2. Serum Deprivation Assays in a 96-Well Plate

All experiments are conducted in undifferentiated PC12 cells (passage 9–13).

1. The media from the T75 flask was removed and the cells were washed with 5 mL 

of PBS (without calcium or magnesium) to remove traces of serum.

2. A volume of 3 mL of 0.25% trypsin-EDTA solution was added. The cells were 

incubated at 37 °C in a humidified atmosphere containing 5% CO2 for 3 min, 

and then 7 mL of complete media was added to neutralize the effect of trypsin.

3. The entire cell suspension was collected and then centrifuged at 1000 rpm for 5 

min. The media was removed from the centrifuge tube, fresh media was added, 

and the cells were resuspended.

4. The cells were counted using a hemocytometer. Appropriate dilutions were made 

using 0.1% media such that there were 50 000 cells/well (∼150 000 cells/cm2) 

and the cells were plated in a 96-well black plate with clear bottom using a 

multichannel pipet.

5. The cells were treated with the desired concentrations of test compound using 

vehicle with complete serum as control.
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6. The plate was incubated for 24 h in a humidified atmosphere containing 5% CO2 

at 37 °C.

7. After 24 h, 10 μL of 10× PrestoBlue dye was added in the dark. The plate was 

covered with aluminum foil (as PrestoBlue is light sensitive) and incubated for 

30 min in a humidified atmosphere containing 5% CO2 at 37 °C.

8. RFU was measured at excitation 560 ± 9 nm and emission 590 ± 9 nm using a 

microplate reader (Biotek Synergy Mx, Reader model SMATBL).

9. For calculation of cell viability, all values were normalized to cells growing in 

normal serum containing media considering its RFU as 100%.

4.3. Etoposide-Induced Apoptosis Assays in a 96-Well Plate

All experiments are conducted in undifferentiated PC12 cells (passage 9–13). Steps (1)–(4) 

were followed as per the serum deprivation protocol above.

(5) The cells were allowed to adapt overnight in a humidified atmosphere containing 

5% CO2 at 37 °C.

(6) The cells were pretreated for 4 h with the desired concentrations of test 

compound. Etoposide (15 μg/mL) and vehicle were used as controls.

(7) After 4 h, 10 μL of a 150 μg/mL etoposide solution was added to make the final 

concentration of etoposide in the well 15 μg/mL.

(8) The plate was incubated for 48 h in a humidified atmosphere containing 5% CO2 

at 37 °C. After 48 h, 10 μL of 10× PrestoBlue dye was added in the dark. The 

plate was covered with aluminum foil (as PrestoBlue is light sensitive) and 

incubated for 30 min in a humidified atmosphere containing 5% CO2 at 37 °C.

(9) RFU was measured at excitation 560 ± 9 nm and emission 590 ± 9 nm using a 

microplate reader (Biotek Synergy Mx, Reader model SMATBL).

(10) For calculation of cell viability, all values were normalized to cells growing in 

normal serum containing media considering its RFU as 100%.

4.4. Etoposide-Induced Apoptosis Assays in Differentiated PC12 Cells

PC12 cells were plated at a density of 150 000 cells/cm2 in rat tail collagen I coated 12-well 

plates. The cells were allowed to adapt overnight and exposed to NGF (100 ng/mL) for 8 

days to induce differentiation. On day nine, etoposide (15 μg/mL) was added.1 PrestoBlue 

dye was added in the dark at 24, 48, or 72 h time points corresponding to the desired 

incubation time of etoposide. The plate was covered with aluminum foil (as PrestoBlue is 

light sensitive) and incubated for 30 min in a humidified atmosphere containing 5% CO2 at 

37 °C. RFU was measured at excitation 560 ± 9 nm and emission 590 ± 9 nm using a 

microplate reader (Biotek Synergy Mx, Reader model SMATBL).

4.5. Data Analysis

Data reported are mean values ± SD from the indicated number of experiments. For single 

comparisons, the significance of differences between means was assessed by Student’s t test; 
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for multiple comparisons, data were analyzed by analysis of variance and post hoc t tests. A 

level of p = 0.05 or lower was considered statistically significant.
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Figure 1. 
Optimization of PC12 seeding density and PrestoBlue incubation time. (a) Number of PC12 

cells incubated and relative fluorescence. (b) Density of PC12 cells in a 96-well plate. 

Magnification 10×.
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Figure 2. 
PC12 cell viability in serum free media when measured after 60 h. 50 × 103 cells/well. (a) 

PC12 cells (passage 17–19). For serum deprivation group, experiments were repeated six 

times with four replicates per experiment (two experiments per passage). Values are 

represented as mean ± SD. Unpaired two-tailed t test, 95% CI, ****p < 0.0001. (b) PC12 

cells (passage 6 and 7). For serum deprivation group, experiments were repeated four times 

with four replicates per experiment (two experiments per passage). Values are represented as 

mean ± SD. Unpaired two-tailed t test, 95% CI, ****p < 0.0001. (c) Statistical comparison 

of cell viability by RFU for serum deprivation in passage 17–19 and passage 6–7 PC12 cells. 

Unpaired two-tailed t test, 95% CI, ****p < 0.0001.
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Figure 3. 
Serum deprivation optimization using PC12 cells with a passage number > 11. (a) PC12 

cells (passage 14), 0.5% serum. Six replicates per experiment. Values are represented as 

mean ± SD. Multiple t test, Holm-Sidak method, alpha = 5.000%, **p < 0.01. (b) PC12 cells 

(passage 15), 0.1% serum. Six replicates per experiment. Values are represented as mean ± 

SD. Multiple t test, Holm-Sidak method, alpha = 5.000%, **p < 0.01, ****p < 0.0001. (c) 

PC12 cells (passage 12), 0.1% serum. RFU measured after 60 h. Flupirtine at 3 μM 

concentration rescued the cells from apoptosis. Experiment repeated twice with four 

replicates per experiment. Values are represented as mean ± SD. Unpaired two-tailed t test, 

95% CI, ****p < 0.0001 in comparison to vehicle. ##p < 0.01 in comparison to serum 

deprivation.
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Figure 4. 
Optimization and validation of serum deprivation in PC12 cells using 0.1% serum and 50 × 

103 cells/well. (a) PC12 cells (passage 12). Values are represented as mean ± SD. Multiple t 
test, Holm-Sidak method, alpha = 5.000%, **p < 0.01, ****p < 0.0001. (b) PC12 cells 

(passage 13). Fluorescence measured after 24 h. Values are represented as mean ± SD. 

Unpaired two-tailed t test, 95% CI, ****p < 0.0001. (c) PC12 cells (passage 9–13). 

Flupirtine at 3 μM concentration rescued the cells from apoptosis. Values are represented as 

mean ± SD. Unpaired two-tailed t test, 95% CI, ****p < 0.0001 in comparison to vehicle. 
####p < 0.0001 in comparison to serum deprivation. (Inset) Early passage (passage 9–13) and 

late passage (passage 17–19) PC12 cells grown in 0.1% serum media. LDH release 

measured after 60 h. Twelve replicates per experiment. Values are represented as mean ± 

SD. Unpaired two-tailed t test, 95% CI, ****p < 0.0001.
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Figure 5. 
Optimization and validation of etoposide-induced cell death in PC12 cells (passage 9–13). 

50 × 103 cells/well. (a) Approximately 50% cell death was observed after 48 h. Four 

replicates per experiment. Values are represented as mean ± SD. Multiple t test, Holm-Sidak 

method, alpha = 5.000%, ****p < 0.0001. (b) Fluorescence measured after 48 h. Flupirtine 

at 3 μM concentration rescued the cells from apoptosis. Experiment repeated thrice. Values 

are represented as mean ± SD. Unpaired two-tailed t test, 95% CI, ****p < 0.0001 in 

comparison to vehicle. ####p < 0.0001 in comparison to etoposide treatment.
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Figure 6. 
NGF differentiated PC12 cells show a statistically significant difference in sensitivity to 

apoptosis induced by etoposide between early and late passages at 72 h post insult. (a) 

Passage 10. Three replicates per experiment. Values are represented as mean ± SD. One-way 

ANOVA, Dunnett test, 95% CI. ****p < 0.0001. (b) Passage 17. Three replicates per 

experiment. Values are represented as mean ± SD. One-way ANOVA, Dunnett test, 95% CI. 

****p < 0.0001. (c) Comparison of 72 h etoposide treatment in passage 10 and 17 PC12 

cells differentiated using NGF. Unpaired two-tailed t test, 95% CI, ****p < 0.0001.
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