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ABSTRACT

Aim: To determine the apoptotic effect of aspirin and its analogues on an adherent cell line using Flow
cytometry and whether a change in the isomeric positions of the acetyl group to the benzene ring in
these compounds might be responsible for any change in behaviour. Also, to observe the problems
encountered together with possible solutions

Study design: Qualitative and Quantitative.

Place and Duration of Study: This study was conducted in the Research Institute in Healthcare
Sciences, University of Wolverhampton, UK.

Methodology: Flow cytometry and immunocytochemistry (ICC) were used to determine the apoptotic
effects of aspirin and its analogues on SW480 CRC cell line. Annexin-V dye was used to detect
apoptotic cells and Pl to detect necrotic cells in flow cytometry, while YO-PRO®-1 and propidium
iodide (PI) dyes were employed to detect apoptosis and necrosis respectively in ICC, using confocal
microscopy to view cells.

Results: Using flow cytometry, 30+8.9% of the cell population were necrotic after 16 h and this did
not change even after 40 h of treatment with meta- (PN548) and para- (PN549) aspirin. On the other
hand, the percentage of cell population treated with ortho-thioaspirin (PN590) were significantly
necrotic with a small population apoptotic. But it’s meta- (PN591) and para- (PN592) isomers did not
significantly cause apoptosis or necrosis with most of the cell population live/healthy even after 40 h
of treatment. It was observed that flow cytometry showed more “necrotic” cells than ICC when treated
with staurosporine (apoptotic control), HO2 (necrotic control) and aspirin analogues.

Conclusion: It was concluded that aspirin and its analogues with the exception of PN591 and PN592
had some apoptotic effect after 16 h. However, a high necrotic effect was observed after 40 h, which
was not observed using ICC. In order to obtain unambiguous and reliable results, it was concluded that
flow cytometry, a popular method in the detection of apoptosis in various cell lines, is less suitable for
adherent cell lines, unless additional measures are taken. Unfortunately, these additional measures will
result in additional costs. Further research using ICC with the inclusion of DAPI (4°,6-diamidino-2-
phenylindole), a blue fluorescence dye that stains the nucleus is required for accurate quantitative
results.

Keywords: Apoptosis, Adherent cell line, Flow cytometry, Immunocytochemistry (ICC), Necrosis,
SW480 CRC cells.

Abbreviations: Colorectal cancer (CRC), immunocytochemistry (ICC), programmed cell death
(PCD), propidium iodide (PI), 4°, 6-diamidino-2-phenylindole (DAPI).
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INTRODUCTION

Studies have shown Aspirin, a non-steroidal
anti-inflammatory drug (NSAID) known for
its anti-inflammatory actions, can also be
used as prophylaxis against development and
reoccurrence of CRC [1]. Due to the side
effect of gastrointestinal bleeding associated
with the prolonged use of aspirin especially
in the elderly [2], there has been the hunt for
analogues of aspirin with same or greater
effects but a safer profile than aspirin itself
[3]. Given the reported apoptotic effects of
aspirin on cancer cell lines, we sought to
investigate the effects of synthesized aspirin
analogues on SW480, an adherent colorectal
cell line. Amongst the aspirin analogues
synthesized [4], the meta- and para- isomers
of aspirin were found to exhibit the same
biological profiles as the ortho- isomer
accompanied with safer profiles in regard to
gastrointestinal (GI) toxicity [5]. This study
investigates whether these compounds
[aspirin, meta-aspirin (PN548), para-aspirin
(PN549), thioaspirin  (PN590), meta-
thioaspirin (PN591) and para-thioaspirin
(PN592)], cause cell death via apoptosis,
necrosis or a mixture of both; and whether a
change in the isomeric positions of the acetyl
group to the benzene ring might be
responsible for this change in behaviour.

PCD (Programmed Cell Death) studies were
carried out wusing and comparing two
different methodologies - Flow cytometry
and Immunocytochemistry (ICC).

Definitions:

Cell/Tissue culture: This is the growth of
cells derived from living tissue in an artificial
medium. It was discovered over a 100 years
ago by Ross Harrison and modified a few
years after by Alexis Carrel [6]. Cell/tissue
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culture is commonly used in vitro in a lot of
fields for improving our understanding of cell
biology, tissue morphology and mechanisms
of diseases and action of drugs, which could
be in form of 2D or 3D models [7].

Adherent cell line: Adherent cell lines are in
vitro model systems that are extensively used
in different areas of medical research for drug
discovery and cancer research [8]. They are
sometimes referred to as monolayers and are
cells which must be attached to a surface to
grow.

Programmed Cell Death: Programmed cell
death was classified as occurring via two
separate morphological patterns, one of
which is known as ‘coagulative necrosis’
where there is swelling and rupture of
organelle membranes and disintegration of
their structure while the other pattern is
known as apoptosis. In apoptosis, the cell
organelles maintain their integrity with the
membrane forming different bulges that
eventually separate and form membrane-
bound globules ready to be phagocytized [9].
However, it is now believed that programmed
cell death (PCD) occurs via different
pathways with more than one of these
pathways triggered simultaneously [10,11].
Cell death could be as a result of apoptosis,
necrosis or autophagy [10,11]. PCD is
particularly important in the life cycle of a
cell as a balance between cell proliferation
and death, which is essential for the
maintenance of homeostasis [12]. During
apoptosis, the phosphatidylserine (PS)
normally found in the inner leaflet of the
phospholipid cell membrane flips and is
exposed [10, 13].

As opposed to necrosis, apoptosis is the
preferred method for drug-induced cell death,
otherwise the leaked cell contents cause
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damage to neighbouring cells in an
uncontrolled manner. However, more often
these patterns of cell death go hand in hand
[10]. Staurosporine, a potent kinase inhibitor
[14], has been shown to induce apoptosis in a
number of cell lines [15,16,17] while
hydrogen peroxide (H20:), a reactive oxygen
species is produced naturally during
metabolism and high levels causes necrosis
[17,13]. Thus, Staurosporine and H20, were
used as positive controls for apoptosis and
necrosis respectively.

Importance of Cell Culture in Research:

The first cell cultures were carried out in
1907 by Harrison during his research into the
origin of nerve fibres [19]. These days,
primary cells isolated from human donors or
an established cell line from bioresource
centres, such as the ATCC (American Type
Culture Collection) are used to carry out
experiments because they closely mimic the
in vivo genetic characteristics of tumours,
thus, making it an important model for cancer
research [7,20].

Cell culture provides a model system for the
study of the physiology and biochemistry of
selected cells [21]. Through this, the
metabolic rates and mechanisms of action of
drugs can be discovered. Generally, 2D cell
culture is preferred due to its simplicity and
low cost, however, 3D cell culture is
increasingly being adopted for its ability to
mimic in vivo conditions [22]. Cell culture in
today’s day and age is the stepping stone in
drug discovery research and also minimizes
the unnecessary use of live animals in
scientific research, therefore contributing to
the welfare of these laboratory animals.
Unfortunately, this mode of research has not
been fully adopted in the Nigerian research
world due to high cost of equipment, lack of
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stable power supply and high maintenance of
these cell lines.

MATERIALS AND METHODS

The materials used include BD Accuri™ C6
flow cytometer (Becton Dickinson, UK),
Non-vented tissue culture flasks (Sarstedt
Ltd., UK), Square cover glass [22 X 22 mm]
(AmScope), Zeiss LSM 880 Confocal
Microscope (Carl Zeiss Ltd., UK), Annexin-
V-FLUOS Staining kit (11 858 777 001,
Roche Diagnostics Ltd., UK), Vybrant®
Apoptosis  Assay Kit #4, YO-PRO®-
1/Propidium  lodide  (V13243, Life
Technologies Corporation), Vectashield®
Mounting Medium (Vector Laboratories Inc.,
UK).

Detection of apoptotic and necrotic cells on
SW480, an adherent CRC cell line using
Flow Cytometry and ICC was carried out and
the two methods compared. Annexin-V dye
was used to detect apoptotic cells and PI to
detect necrotic cells in Flow Cytometry while
YO-PRO®-1 and PI dyes were employed to
detect apoptosis and necrosis respectively in
ICC, using confocal microscopy to view
cells.

Tissue culture

The SwW480 CRC cell line (ECACC,
Salisbury, UK) was cultured in Leibovitz’s
L-15 medium (Thermo Fisher Scientific)
supplemented with 10% (v/v) FBS (Fetal
Bovine Serum) and 1% (v/v) penicillin-
streptomycin. The cells were cultured at 37°C
in a humidified incubator and passaged at
approximately 80% confluency.

Compounds

Aspirin, Staurosporine and H2O. were
purchased from Sigma® Sigma-Aldrich
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Company Ltd., UK. PN548, PN549 and
PN590 were a gift from Dr. Christopher
Perry and Dr. lain Nicholl.

Thioaspirin analogues were synthesised as
previously published [4,23].

Flow cytometry

Flow cytometry was used to sort out the
population of cells (Figure 1) into apoptotic
cells that are stained with Annexin V due to
interaction with phosphatidylserine exposed
by the flipped cell membrane [24] and
necrotic cells that are stained by Propidium
lodide (PI) due to its ability to penetrate the
nucleus of dead cells [25].

2 X 10° of SW480 cells per well were plated
out in a 6-well tissue culture plate and left in
the incubator for 24 h after which they were
treated with either aspirin analogues,
Staurosporine as a positive control for
apoptosis [26] or H20:2 as a positive control
for necrosis [27]. The cells were washed with
PBS and then dissociated from the wells
using trypsin 0.25% (w/v) after 16 h and 40
h, and centrifuged at 200 X g for 5 min to
separate cell pellets from the supernatant
media. 0.25% (w/v) trypsin lacking EDTA
was used in order to minimize damage to the
cell membrane. The cell pellets were then
washed in PBS and centrifuged again. The
cells were then re-suspended in binding
buffer containing the dyes FITC-Annexin V
and PI. After 15 minutes of incubation at
room temperature, each sample was then
analysed using the BD Accuri™ C6 Flow
Cytometer installed with the BD Accuri™ C6
software (Version 1.0.264.21). Cells were
treated with compounds at 0.5 mM, 0.3 mM
and 0.1 mM, staurosporine at 500nM [28]
and H,O> at 5 mM. 10,000 cells were
acquired for each experimental condition.
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Figure 1. Gating of Cells Undergoing
Apoptosis and Necrosis using Flow
Cytometry

The cytogram (Figure 1) is divided into four
different quadrants in which cell populations
are grouped according to the fluorescence
dye it is stained with. Cell populations that do
not take up any of the dyes are the live
healthy cells and are grouped in the lower-left
quadrant (Q1-LL) as shown by the BD
Accuri™ C6 software. Cells that take up the
Annexin V dye are those undergoing early
apoptosis and are grouped in the lower-right
quadrant (Q1-LR). Cell populations that take
up both dyes are undergoing late apoptosis,
necrosis or considered dead and fall in the
upper-right quadrant (Q1-UR). Populations
that only take up the PI dye are considered
either dead cells or debri and fall in the upper-
left quadrant (Q1-UL) [29].

Immunocytochemistry (ICC) YO-PRO®-1

Apoptotic and  necrotic cells  were
differentiated using YO-PRO®-1 and PI dyes
respectively.

YO-PRO®-1 is a green fluorescent dye that
selectively passes through the membrane of
apoptotic cells whereas dyes like the red
fluorescent Pl cannot [30]. Thus, a
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combination of these two dyes provides a cytotoxic effect, all for 16 h and 40 h, using
sensitive assay for apoptosis. staurosporine and H20: as positive controls

for apoptosis and necrosis respectively.
SW480 CRC cells were plated on glass cover

slips in 6-well-plates to obtain 70% Statistical analysis

confluency after 24 h. These cells were then o ) ) )
treated with the compounds of interest for 16 Statistical analysis was carried out using
and 40 h after which they were washed with GraphPad Prism 7 software (GraphPad
cold PBS once and then treated with 1 pul each software Inc., San Diego, CA, USA). The test
of YO-PRO®-1 and PI stock solution in 1 ml used to determine statistical significance was
of PBS per well on ice for 30 min. This step ordinary one-way ANOVA. Differences
was then followed by two washes with cold between control and test groups were
PBS, left on ice in PBS for a further 30 considered as statistically not significant at
minutes and then coverslips placed onto a p=>0.05, and significant at p=0.05, p=<0.01.
drop of VectaShield® mounting-medium. Where a significant difference was obtained,
Microscopy was performed using a Zeiss Dunnett’s Post hoc analysis was carried out.

LSM 880 confocal microscope, equipped

with 405 and 561 nm excitation lasers using RESULTS & DISCUSSION

40X/1.30 oil immersion DIC M27 objective. Studies have shown aspirin to have an
The Zeiss: ZEN2 (blue edition) software was apoptotic effect on colorectal cancer cells
used to process images. both in vitro and in vivo [1,31]. We

. investigate the effects of these aspirin
SW480 CRC cells were treated with the analogues, Staurosporine and Hz0; on

isomers of these aspirin analogues at 0.5 mM . :
with the exception of PN590, which was asr\]/g‘:g%CRC cell line using Flow cytometry
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Figure 2. Representation of flow cytometric analysis and ICC for negative control
(untreated) and positive control for apoptosis in SW 480 CRC cell line
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(A) Flow cytogram of negative control [untreated cells] after 16 h (B) ICC slide of negative control
[untreated cells] after 16 h (C) Flow cytogram of negative control after 40 h (D) ICC slide of
negative control after 40 h (E) Flow cytogram of cells treated with staurosporine for 16 h (F) ICC
slide of cells treated with staurosporine for 16 h (G) Flow cytogram of cells treated with
staurosporine for 40 h (H) ICC slide of cells treated with staurosporine for 40 h. The fluorescent
dyes used for flow cytometry are Annexin-V-FITC (green) for apoptotic cells and PI (red) for
necrotic cells. The fluorescent dyes used for ICC were YO-PRO®-1 (green) for apoptotic cells and
Pl (red) for late apoptotic/necrotic cells. Representative confocal images were taken at 40X
0il/1.30 oil immersion objective. n=3.

Flow cytometric analysis of untreated cells
detected the presence of dead cells after 16 h
(Figure 2A) and the percentage increased
after 40 h (Figure 2C) of incubation.
However, using ICC, dead cells were not
detected in the untreated cells after 16 h
(Figure 2B) and 40 h (Figure 2D). The
treatment with staurosporine in both flow

cytometry (Figure 2E) and ICC (Figure 2F)
yielded a significant amount of apoptotic
cells after 16 h. However, a small percentage,
10.7+1.2% (n=3) of dead cells was seen with
flow cytometry (Figure 2E). Both methods
detected a combination of apoptotic and late
apoptotic/necrotic cells after 40 h of
treatment (Figure 2G and 2H).
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Figure 3: Representation of flow Cytometric Analysis and ICC for Negative control

(untreated) and Positive control for Necrosis in SW 480 CRC Cell Line

(A) Flow cytogram of negative control [untreated cells] after 16 h (B) ICC slide of negative control [untreated cells] after 16 h (C)
Flow cytogram of negative control after 40 h (D) ICC slide of negative control after 40 h (E) Flow cytogram of cells treated with
H20:2 for 16 h (F) ICC slide of cells treated with H202 for 16 h (G) Flow cytogram of cells treated with H202 for 40 h (H) ICC slide
of cells treated with H202 for 40 h. The fluorescent dyes used for flow cytometry are Annexin-V-FITC (green) for apoptotic cells
and PI (red) for necrotic cells. The fluorescent dyes used for ICC were YO-PRO®-1 (green) for apoptotic cells and PI (red) for late
apoptotic/necrotic cells. Representative confocal images were taken at 40X 0il/1.30 oil immersion objective. n=3. *(Figure 2A-D
are same as Figure 3A-D)
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The flow cytometric analysis (Figure 3E)
showed 11.5+3.7% apoptotic cells with
82.1+6.1% being late apoptotic/necrotic in
samples treated with H20. for 16 h, which
correlates with the ICC slides (Figure 3F)
showing most of the cells fluorescing red-
yellow and few fluorescing green. 90.9+4.0%
of the SW480 cells turned necrotic (Figure
3G) fluorescing red (Figure 3H) after 40 h of
treatment with 5 mM H20..

Sequel to staurosporine and H20> producing
very similar outcomes from both analysis,
they were deemed fit to serve as reliable
controls for detecting apoptotic and late
apoptotic/necrotic  cells respectively in
SW480 CRC cell line. The cells were then
treated with the compounds of interest.

The Flow cytometric analysis detected a
large number of necrotic cells after treatment
with 0.5 mM of aspirin for 16 h and a larger
percentage of late apoptotic/necrotic cells
after 40 h of treatment. 4.7+1.6% of the cell
population was apoptotic after treatment with
aspirin for 16 h. This increased to 16.6+9.6%
after 40 h of treatment with aspirin. The level
of apoptotic cells detected agrees with the
qualitative data from the ICC method,
however, necrotic cells were not seen after 16
h and 40 h. 5.3+1.3% of the SW480 cells
became apoptotic after treatment with 0.5
mM of PN548 for 16 h, which increased to
14.2+6.6% after 40 h of treatment and
34.1£10.9% necrotic cells. Qualitatively,
most of the cells were seen to be apoptotic
after 16 h of treatment with some of the cells
necrotic after 40 h of treatment.

With flow cytometry, apoptotic cells
increased from 5.3+1.5% after being treated
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with 0.5 mM of PN549 for 16 h to 19.4+9.4%
after 40 h of treatment. After 16 h and 40 h of
treatment with PN549, 33.2+8.0% and
345+7.3% of cells in the late
apoptotic/necrotic region were respectively
detected. Although this appears like a large
number of late apoptotic/necrotic cells
detected by this method, the same is observed
from slides analyzed by ICC method. This
qualitative image was also similar to the
positive control, staurosporine image.

Flow  cytometric  analysis  detected
51.1+18.6% and 45.3+11.7%, a large
percentage of late apoptotic/necrotic cells
after treatment with 0.1 mM PN590 for 16 h
and 40 h respectively. The apoptotic cells
remained the same 10.0+6.1% after 16 h of
treatment and 11.5+2.6% after 40 h. The ICC
slides after 40 h treatment appear yellow in
fluorescence unlike the  brownish/red
fluorescence seen when cells were treated
with H20..

Treatment with 0.5 mM PN591 after a
duration of 16 h resulted in 4.0£1.9% of
apoptotic cells using flow cytometry. The
presence of more apoptotic cells with an
increase in duration of treatment was
reflected by the ICC confocal qualitative
images as the apoptotic cells emitted a bright
green fluorescence.

Apoptotic cells increased after treatment with
0.5 mM PN592 from about 6.3+1.6% after 16
h to about 10+3.2% after treatment for 40 h
(Figure 4) as shown by Flow Cytometric
analysis. About 16.3+7.1% of necrotic cells
was detected using Flow Cytometry after 16
h and 21.3+6.2% after 40 h (Figure 5).
However, necrotic cells were not detected
using the ICC method.
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Figure 4: Flow Cytometric Analysis of Aspirin Analogues showing Induced Apoptosis in
SW480 CRC cell line

SW480 CRC cells were treated with compounds for 16 h and 40 h, stained with Annexin-V-Fluos
and counterstained with PI fluorescence dye and analysed using flow cytometry. Data plotted as

mean = SEM (n=3), *P<0.05
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Figure 5. Flow cytometric analysis of aspirin analogues showing induced late
apoptosis/necrosis in SW480 CRC cell line

SW480 CRC cells were treated with compounds for 16 h and 40 h, stained with Annexin-V-Fluos
and counterstained with PI fluorescence dye and analysed using flow cytometry. Data plotted as

mean + SEM (n=3) *P<0.05,**p<0.01.
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The pooled Flow cytometric data revealed
the percentage of induced apoptosis in
SW480 cells to be quite low after treatment
with all aspirin analogues for 16 h. However,
the percentage apoptotic cells did increase
after 40 h of treatment with the exception of
Staurosporine, the compound used as a
positive control to apoptosis (Figure 4).
Necrotic/dead cells also increased in
population after 40 h of treatment. It appeared
that the longer the cells were under treatment,
the more necrotic cells appeared (Figure 5).
This effect was also seen with untreated cells,
which could be attributed to the cells being
an adherent cell line.

Flow cytometry and ICC were used to
compare results obtained when searching for
the route of cell death induced by various
drugs and chemicals. Membrane damage
during the harvesting process of adherent cell
lines by trypsin or mechanical scraping has
been found to produce false positives in
apoptosis analysis, and is therefore an
inadequate  harvesting  method  [32].
However, the ICC method does not involve
the use of trypsin thereby excluding possible
damage to the cell membrane.

The comparison between the quantitative
apoptotic status of cell populations using
Flow cytometry and ICC led to the rise of two
main concerns about the use of Flow
cytometry in the quantitative determination
of adherent cells. The first concern is false Pl
staining as a result of damaged cells due to
trypsinization in order to make a suspension
out of the monolayers ready for analysis
using the Flow cytometer. Trypsin damages
the cell membrane, thereby allowing the cells
to take up PI [13] and thus giving a false
result for necrotic/dead cells. Further
investigation revealed that all manufacturers
of apoptosis kits use cells that are in
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suspension by nature as sample cells for
quantitative analysis of their products found
on the protocol sheets (Table 1 in Appendix).

We propose that the manufacturers should
highlight the experimental artefacts that can
arise when using these kits on adherent cells.
In addition, methods should be devised to
reduce damage to cells whilst harvesting
them for these analyses. Some protocols
suggest harvesting the cells by incubation in
standard trypsin with [13] EDTA, trypsin
without EDTA, EDTA without trypsin or
mechanical scraping with a rubber
policeman. However, all these methods result
in damage of the cell membrane [13]. Such
damage is likely to happen when attempts are
made to harvest adherent cells from the
surface of tissue culture plates and was thus
suggested to allow for Annexin V binding to
cells before harvesting [13]. The second
concern is that late apoptotic cells also appear
in the upper-right (UR) quadrant positive for
Pl staining (Figure 2). This means that the
analysis is unable to differentiate between
late apoptotic, necrotic and dead cells. Part of
this issue is raised by Reiger et al., [34] in that
about 40% of PI stain results could be due to
staining of RNA within the cytoplasm and
thereby producing false positive events [33].
They suggest a protocol, which includes the
addition of 16 pl of 1:100 diluted RNase A
(Sigma, R4642) to give a final concentration
of 50 pg/ml and incubation before analysis
[34]. This enables the removal of cytoplasmic
RNA and thus eliminates any false necrotic
values due to PI staining.

Another suggestion to reduce the production
of false positive events is by adopting a two-
step protocol [35], which excludes washing,
centrifugation and transfer of cells between
plates, thereby reducing cell death. Although
cost effective, EDTA is also found to damage

Volume 2 Issue 1 January, 2022 Page 29 - 42 ISSN: 2971_611X i “ l
APSB-03



Archives of Pharmaceutical Sciences and Biotechnology Journal R Y 4

Volume 2 Issue 1 January, 2022 Page 29 - 42 ISSN: 2971_611X i “ l

the cell membrane [13] and is not effective in
detaching strongly adherent cell lines such as
CRC cells.

Another possible solution to the problem of
false positives is the exposure of cells to
ultrasonic waves in combination with diluted
trypsin. This is done by the vibration of the
culture surface wusing ultrasonic waves
propagated from an ultrasonic transducer
placed under the flask in combination with
diluted trypsin. It was found out that the
viability and proliferation of the detached
cells were higher in this method compared to
conventional methods [36].

These suggestions to standard protocols of
apoptotic assays for adherent cell lines will
surely lead to additional costs and prolong
experiments, which could easily be avoided
if manufacturers of these apoptotic assay Kits
test and adjust quantifications specifically for
an adherent cell line.

Results from ICC confocal images after
treatment with isomers of aspirin and
thioaspirins revealed that SW480 CRC cells
treated with 0.5 mM of aspirin, PN591 and
PN592 for 16 h caused few cells to undergo
early apoptosis, which increased
substantially after 40 h of treatment. This
could be because a dominant number of the
cells analysed had undergone early apoptosis
and a negligible number of necrotic cells
were present.

Aspirin has previously been reported to cause
cell death in SW480 cells via apoptosis [37].
Quantitatively, using Flow cytometry, it was
observed that a small number of the cell
population treated with aspirin and its
analogues, PN548 and PN549 became
apoptotic after 16 h, which significantly
increased after 40 h. However, about 30% of
the population were necrotic after 16 h and
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this did not change even after 40 h of
treatment. On the other hand, the percentage
of cell population treated with ortho-
thioaspirin significantly caused necrosis with
a small population apoptotic. But, its meta-
(PN591) and para- (PN592) isomers did not
significantly cause apoptosis or necrosis with
most of the cell population live/healthy even
after 40 h of treatment.

CONCLUSION

It was thus concluded that using Flow
cytometry, aspirin and its analogues with the
exception of PN591 and PN592 had some
apoptotic effect after 16 h. However, a high
necrotic effect was observed after 40 h, which
was not observed using ICC. Further
investigation will be needed to compare these
results while adapting the suggestions made
by [13], [33], [34] and [36]. The inclusion of
DAPI fluorescent dye in order to stain the
nucleus for accurate quantitative results for
the ICC method is also vital.

It was also observed that isomers have similar
effects in relation to PCD on SW480 cell line
regardless of the change in isomeric position
of the acetyl group attached to the benzene
ring. PCD by the isomers of aspirin followed
a particular manner and the isomers of
thioaspirin followed another.
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Table 1: List of various Apoptosis Detection kits from Different Companies with the type of

Cell used in the Documentation/Protocol Sheet

Product Company Type of cells Culture
properties

* Annexin V-FLUOS kit Roche® Life Sciences U937 lymphocyte cells Suspension

FITC Annexin V/PI invitrogen® Molecular  Jurkat cells (T-cell Suspension

probes® Leukaemia,human)

Annexin V Reagents for IncuCyte® Jurkat cells Suspension

apoptosis

FITC Annexin V apoptosis Biolegend® Jurkat cells Suspension

detection kit with 7-AAD

PE Annexin V apoptosis kit | BDPharminogen™ Jurkat cells Suspension

Annexin V-CF Blue 7-AAD Abcam Jurkat cells Suspension

apoptosis staining/detection kit

Annexin V apoptosis detection e Bioscience™ Mouse thymocytes Suspension

kit PE

Annexin V/7-AAD apoptosis Abnova Jurkat cells Suspension

kit

(*Product used for this study).



