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While studying the influence of ionizing radiation or certain chemical agents on cells, it is crucial to not only
determine cytotoxicity, but also to follow cell death mechanisms. There are different methods to screen processes of
cell death and still very important question remains unanswered about differences in results that could be caused
by various experimental steps in procedures. Based on literature review two protocols of cell death determination
were compared. First protocol regarded collecting cells floating in medium before trypsinization and following
centrifugation of them. In the second protocol floating cells were discarded and attached ones were stained and
fixed. In all experiments three different untreated cell lines (A172, DU145 as cancer cell lines and in comparison,
fibroblasts (FB CCL 110), as a non- cancerous cell line) were used to test applied protocols. Cells were cultured
and death processes were examined at different time points up to 120 h. Compared protocols showed statistically
significant differences, especially in terms of necrosis, which was higher when included floating cells from culture
medium and then centrifuging them. Therefore, presented results show importance of choosing a valid experimental
procedure in case of evaluating cells viability and types of cell death pathways quantitatively.
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1. Introduction

Determination of cellular death type is crucial in inves-
tigating the influence of damaging factors such as radia-
tion or chemical cytotoxic agents on cells. Various meth-
ods and protocols are used to determine type of cellular
death. Following the Nomenclature Committee on Cell
Death (NCCD) recommendations, a unified criteria to
define cell death type were proposed [1, 2]. Based on the
morphological differences, one can distinguish two major
types of cell death: apoptosis and necrosis [2]. According
to NCCD, apoptosis is characterized by rounding-up of
the cell, reduction of cellular volume, chromatin conden-
sation, nuclear fragmentation and engulfment by resident
phagocytes, thus preventing them from the release of cel-
lular debris and inflammation [2, 3]. On the contrary to
apoptosis, necrosis is characterized by increase of cell vol-
ume, cytoplasm and cytoplasmic organelle swelling, mod-
erate chromatin condensation, plasma membrane rupture
and loss of intracellular contents. This causes the induc-
tion of inflammatory response and potentially local im-
mune activation [2, 3]. Application of some experimental
procedures in vitro can lead to decreased cell viability and
increased level of dead cells. Cell culture parameters, i.e.
chosen variant of cell harvesting, either by mechanical
scrapping or by enzymes and centrifugation may lead to
false positive or false negative results [4–10].

The awareness of differences in the results when using
different protocol variants, based on the same molecular
method is crucial especially during quantitative studies.
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Therefore, the idea of this paper is to compare two the
most frequently used protocol variants to detect apopto-
sis and necrosis based on well-known fluorescence stain-
ing and trypan blue techniques. This comparison can
show if there are significant differences in the fraction of
non-viable cells and those undergoing through apoptosis
and necrosis.

2. Methods

2.1. Cells culturing

Three cell lines were used in the experiment. Two
were cancer cell lines: A172 (human brain glioblastoma),
DU145 (human prostate cancer, brain metastasis) and for
comparison normal non-cancerous fibroblasts (FB CCL
110) were applied. All types of cell lines with similar
passage number (no. 4 for A172 and fibroblast cells and
no. 5 for DU145 cells) were seeded into 24-well plates
(NEST) in number of 104 cells/well. Each experiment
was repeated twice independently. After seeding, cells
were appropriately supplemented according to protocols
provided by ATCC Organization and incubated at 37 �C
in a humidified atmosphere incubator containing 5% CO2

for 24, 48, 72, 96, and 120 h. For studies of cell prolif-
eration and cell death mechanisms using method with
trypsinization, cells were seeded directly into wells. In
protocol variant without trypsinization step, cells were
seeded into sterile cover glasses (Sarstedt, 11 mm).

2.2. Cell proliferation analysis

To analyse proliferation and to detect non-viable cells
in population, cells were stained by routinely used trypan
blue dye (Sigma Aldrich, final concentration up to 0.2%,
dissolved in PBS) [11]. At each time point the number
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of living and dead cells was determined using a Bürker
chamber. The doubling time for each cell line was calcu-
lated using assumption of cell population’s exponential
growth [12, 13]. Therefore, logarithm of cell number was
calculated and then growth rate was obtained using lin-
ear fitting. Doubling time was finally calculated using
Eq. (1):

tD �
ln 2

a
, (1)

where tD is doubling time, while a is growth rate of cells
in population.

2.3. Fluorescent staining

To quantify both types of cells death, a solution of
fluorescent dyes in binding buffer (1�) was used. This
allowed simultaneous quantification of apoptotic and
necrotic cells by fluorescence microscopy. The Hoechst
33258 (10 µg/ml) was used to identify all cells in a pop-
ulation, propidium iodide (PI, 1 µg/ml) was added to
observe fraction of necrotic cells and Annexin V FITC
Conjugate (0.25 µg/ml) was used to determine fraction
of cells in apoptotic state. Cells stained by both PI and
Annexin V were considered as apoptotic ones and were
subtracted from fraction of necrotic cells. PI is routinely
used to stain DNA and detect dead cells because of its
ability to penetrate cell membrane only when it is perme-
able regardless of the mechanism of death [14]. On the
other hand, Annexin V might be applied to distinguish
apoptotic cells from necrotic ones based on changes in
cell membrane caused by apoptosis [4]. During apopto-
sis phosphatidylserine (PS) is exposed at the cell surface
and Annexin V has high affinity to PS. Annexin V can-
not penetrate cell membrane and therefore it can be used
for apoptosis detection [4].

In the first protocol variant (denoted further as pI),
trypsinization of cells was performed. Additionally, cells
floating in culture medium were collected to determine
fraction of living, apoptotic and necrotic ones. Cells
were centrifuged (1600 rpm, 5 min), supernatant was re-
moved and finally 30 µl of solution of fluorescent dyes
in binding buffer (1�) was added. In the second proto-
col variant (denoted further as pII), dead cells floating in
culture medium were removed and living cells were left
adhered to cover glasses. Following, cells were washed
using PBS buffer (Sigma Aldrich). In this variant, nei-
ther trypsinization nor centrifugation procedures were
applied. At the end, all cells regardless of the proto-
col, were stained using 30 µl of fluorescent dyes solution
in binding buffer (1�).

After 10 min of cells incubation with fluorescent dyes
(in darkness), images were captured using fluorescent mi-
croscope (Olympus BX51, 100 W mercury lamp, 4�). In
case of not trypsinized cells, they were washed using bind-
ing buffer and fixed using paraformaldehyde for 10 min
(3.7%, Sigma Aldrich) prior to image collection. Ob-
tained photos were analysed using ImageJ software (NIH
Image, open source) and for each set of photos fraction
in percent of living, apoptotic and necrotic cells was cal-

culated. From each well, photos of at least three differ-
ent areas were analysed. This gave at least nine areas
of interest for each experimental point. Therefore, total
number of cells per one experimental point was between
60 and 8900 depending on the cell line, time point and
chosen protocol variant.

2.4. Statistical analysis

Results are presented as mean ± standard deviation
(SD) in percentages. Statistical analysis was performed
using Statistica 10 with a 0.05 cut-off for each analysis.
Variables were tested for normality by the Shapiro–Wilk
test and also graphs of normality were plotted. Due to
having two distribution types: normal and nonparamet-
ric, statistical analyses were used for determining statis-
tical significance. To study changes between independent
groups for two different methods of cell death type deter-
mination, the Mann–Whitney U Test was used. On the
other hand, to study changes between dependent groups
for two time points Wilcoxon paired signed-rank test was
performed. In order to compare doubling time between
cell lines, t-Student test was used (p   0.05).

3. Results and discussion
3.1. Determination of doubling time

and population of living cells

For A172, DU145 and fibroblast cells, doubling time
(tDq of cell population was calculated based on linear
fitting to the logarithm of cell’s number (Fig. 1). Ob-
tained results were as follows: tD � 28.2 � 4.1 h for
A172 cell line, tD � 23.1 � 1.6 h for DU145 cells and
tD � 31.4�5.0 h for fibroblasts (Fig. 1b,d,f). tD obtained
for A172 cell line was statistically different (p   0.05)
from tD obtained for DU145 cells but not for fibroblasts.
Additionally, tD for DU145 cells was significantly differ-
ent (p   0.05) in comparison to doubling time for fibrob-
lasts. Depending on protocol variant, averaged fraction
of living cells in population was approximately estimated.
In case of pI method, it was approximated in average by
97.2%. On the other hand, for pII living cell fraction
was approximated in average by 99.4%. When compared
fraction of living cells obtained using two protocols for
different cell lines at applied time points, significant dif-
ferences between pI and pII were observed. Time points
at t � 96 h for A172 cell line and t � 24, 72 h for fi-
broblasts were an exception. Observed tendencies are
in accordance with results published by Batista et al. [5].
They observed damage of cell membrane after mechanical
scrapping and highest cell viability after using trypsiniza-
tion step for cell harvesting [5]. Additionally, Sutradhar
et al. demonstrated that overtrypsinization severely af-
fects cell membrane structure and may significantly re-
duce cell viability [6]. In our experiments, trypsin con-
centration and incubation time was experimentally con-
firmed with cell culture guidelines given by ATCC Orga-
nization. Therefore, used time was appropriate and did
not lead to overtrypsinization.
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Fig. 1. Number of A172 (a), DU145 (c) and fibroblast
(e) cells in function of time and calculated logarithm
with line fitting ((b), (d), (f)).

3.2. Influence of proposed methods
on cell death type determination

3.2.1. Necrosis
When compared two proposed methods for fraction’s

identification of living, necrotic and apoptotic cells in cell
population, it was observed that there are significant dif-
ferences between applied variants. When used pI vari-
ant, percent of necrotic cells was significantly higher at
measured time points both for cancer and non- cancer-
ous cell line (p   0.05) in comparison to pII. Moreover,
during experiment, fraction of cells undergoing through
necrosis was similar for all studied cell lines. Time points
at t � 72 h for A172 cell line and t � 120 h for fibroblasts
were an exception. Additionally, for pI method, necrosis
was approximately on averaged level of 1.9%. In contrast,
for pII variant, necrosis was approximately on averaged
level of 0.1%. Percent of cells undergoing through necro-
sis was similar for all studied cell lines in this method,
however, differences in fractions of necrotic cells for both
protocols used were statistically significant (p   0.05).
Observed differences might be caused by several reasons,
but mostly, as we proposed, by application of trypsiniza-
tion to detach cells from the flask surface and centrifu-
gation. Different ways of cells detachment can lead to
different levels of membrane damage and therefore can in-
fluence the percent of necrotic and apoptotic cells in pop-
ulation [4]. Bundscherer et al. concluded that trypsiniza-
tion is a gentle method for cell detachment, but can be
inadequate for example for metabolomic studies [4]. Dur-
ing centrifugation, some fraction of cells could be lost by
removal of unpelleted ones in the supernatant [8]. More-
over, some fraction of cells are damaged after the centrifu-
gation due to packing or repipetting them [8]. Katkov
and Mazur pointed out that closely packed cells in the
pellet might be probably more damaged during resus-
pension procedure [8]. Additionally, centrifugal damage
of cells can be also caused by production of reactive oxy-
gen species in the pellet [8]. Those damages can lead
to decreased cell viability and increased cell death [7, 8].

Wang et al. presented that Burkitt lymphoma cells ex-
posed to gravitational forces, recalculated to frequencies
in the range of 14 400–18 700 rpm at 25 �C significantly
lost their viability [9]. On the other hand, Son et al.
proved that centrifugation with frequencies in the range
of 1000–4000 rpm applied for 3 min has no influence on
percentage of adipocytes and adipose stem cell viabil-
ity [10]. Therefore, we postulate that centrifugation it-
self or further resuspension of cell’s pellet may lead to
cell damage and increase percentage of the necrotic cells
in population. Moreover, it should be mentioned that
studied cell lines can response differently for chosen cen-
trifugal forces because of morphological and biological
differences. When dying, adherent cell rounds up, de-
taches from the flask surface and floats in medium [15].
Therefore, for those kinds of cell lines, the most signifi-
cant impact on the determined percent of apoptotic and
necrotic cells in cell population has collection floating
cells and taking them into consideration in further anal-
ysis. Despite the fact that the difference between pI and
pII protocol in fraction of necrotic cells is significant, ap-
proximated level of 1.9% (pI) or 0.1% (pII) can be con-
sidered as a limit of statistical error in biological stud-
ies. Presented in the literature results of necrotic cells in
fraction assessed by different methods depend on the cell
treatment. What is more, they show statistical errors at
the level ranging from a few percent up to several dozen
of percents [16–18]. Therefore, effect of application of
different protocols to determine cell death is important,
but it not always must be critical for the obtained re-
sults. Time-dependent tendencies were observed in per-
centage of necrotic cells in population when pI variant
was applied (Fig. 2). Therefore, changeability in percent
of necrotic cells over time could be described by the Gauss
function with centre of peak for A172, DU145 and fibrob-
last cells at 64.1±8.8 h (r2 � 0.79, Fig. 2a), 65.0±28 h
(r2 � 0.52, Fig. 2b), 65.0±11.0 h (r2 � 0.68, Fig. 2c),
correspondingly. On the other hand, good description of
the change in the data over time was given by sinusoidal
function (r2 ¡ 0.8, Fig. 2), but the experiment should
be conducted longer to prove this hypothesis. In case of
pII method no time–dependent tendencies were observed
and fraction of necrotic cells was constant.

3.2.2. Apoptosis
Analysis and comparison of results obtained for two ap-

plied protocol variants has shown that percent of apop-
totic cells in cell population was similar in most cases.
Following time points were an exception: 24 h for DU145
cells, 48 h for A172 and fibroblast cells and 120 h for
DU145 cells. Moreover, approximated level of apopto-
sis was on averaged level of 1% in case of pI method
applied and 0.5% when pII variant was used. Addition-
ally, when analysed apoptotic fraction of cells for A172
and DU145 cell lines obtained with the use of pI vari-
ant it was exponentially decreasing with time constant
equal to 18.7±8.0 h (r2 � 0.91, Fig. 2a) and 9.6±3.0 h
(r2 � 0.94, Fig. 2b), respectively. On the other hand,
in case of fibroblasts, tendency in decrease of apoptotic
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Fig. 2. Percent of living, necrotic, and apoptotic cells
determined by protocol variant with trypsinization and
centrifugation step applied (pI) at the following time
points: 24, 48, 72, 96, and 120 h for (a) A172 cells, (b)
DU145 cells, and (c) fibroblasts with Gauss and sine
function fit for necrotic cells and exponential or sigmoid
function fit for cells undergoing through apoptosis.

cells could be described by sigmoid function centred at
55.0±9.2 h (r2 � 0.92, Fig. 2c).

Bundscherer et al. demonstrated the influence of
trypsinization and mechanical harvesting of cells on An-
nexin V staining and its influence of apoptosis determi-
nation [4]. Authors showed that in case of HT 29, PANC
1 and A-673 cell lines, a high percentage of cells were
stained positively for Annexin V after mechanical de-
tachment [4]. Moreover, detachment of cell could be also
cause of apoptotic cell death called anoiks [2]. When this
fraction of cells is removed, information about dead cells
fraction is irrevocably lost. Application of this step in
that cell death type determination could have extremely
significant influence on obtained results.

4. Summary

We have demonstrated that the application of
trypsinization, centrifugation and collection of floating
in culture medium cells (pI variant) has significant im-
pact on increased fraction of necrotic cells and decreased
fraction of living ones in population, but not on apop-
totic subpopulation. Problem of cell death is crucial to
understand effects of the influence of drugs or ionizing ra-
diation on cells and following on tissues and organisms.
Therefore, we find awareness of the influence of chosen
protocol variant on obtained results. In further deduc-
tion and interpretation it is important to take into con-
sideration application of certain experimental steps. It is
of a high importance when one compare results between
similar experiments.
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