
Abstract. Background/Aim: The tetrazolium-based MTT
cytotoxicity assay is well established for screening putative
anti-cancer agents. However, it has limitations including lack
of reproducibility with glioma cells treated with polyphenols.
The aim of this study was to evaluate whether a flow
cytometric assay with the anthraquinone, DRAQ7, was a better
alternative than the colorimetric MTT assay for measuring cell
viability. Materials and Methods: Two glioma cell lines (IPSB-
18, U373) and 1 pancreatic cancer cell line (AsPC-1) were
treated with 4 polyphenols, namely red grape seed extract, red
clover extract, anthocyanin-rich extract and curcumin. Cell
viability was assessed using MTT assay and DRAQ7 staining.
Results: Limitations of MTT assay included lack of sensitivity
and interference with the structure and absorbance spectra of
polyphenols. Also, DMSO was toxic to glioma cells.
Microscopic observations of cells treated with polyphenols
confirmed the range of IC50 values evaluated by DRAQ7, but
not by the MTT assay. Conclusion: DRAQ7 is a better
alternative than MTT for measuring viability of glioma cells
treated with brightly coloured polyphenols.

In vitro studies using cell cultures are valuable for screening
putative anti-cancer agents, such as polyphenols, for
cytotoxicity and cell survival. The most well established and
versatile method for quantifying viable cells is the enzyme-
based colorimetric MTT assay introduced by Mosmann (1). It
determines mitochondrial dehydrogenase activity in living
cells, which indirectly reflects viable cell numbers. This assay
involves the ability of metabolically active cells to convert a
soluble tetrazolium salt, 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT), into a formazan precipitate
which is insoluble in water. The purple-coloured formazan
crystals may be dissolved in a variety of organic solvents such
as dimethyl sulfoxide (DMSO). Optical density of the resulting
solution is determined spectrophotometrically by measuring
changes in absorbance at 570nm using a microplate reader. 

However, a number of factors (2-4) and cell types (5-9)
that may affect the reliability of quantification of viable cell
numbers have been identified. This suggests that the gold
standard MTT assay has limitations. Additional issues of
which to be cautious include lack of sensitivity of the assay,
toxicity of organic solvents like dimethyl sulfoxide (DMSO)
(10-13), and optical absorbance spectral properties of
brightly coloured polyphenols. It has also been shown that
there is chemical interference of polyphenolic compounds
with MTT (14, 15).

Over the years, interest has increased in polyphenols which
have been identified for having multiple therapeutic targets in
cancer, generally (16-19) as well as in brain tumours (20-24).
Our research on gliomas (25, 26) includes four such agents
that are brightly coloured: red grape seed extract (RGSE) is
rust in colour whereas red clover extract (RCE) from Trifolium
pratense, anthocyanin-rich extract (ARE) from Aronia
melanocarpa (black chokeberry) and curcumin (CUR) are
dark green, purple and orange, respectively. When solubilised,
these polyphenols display different absorbance spectra. This
is an important consideration for determining which cell
viability assay is suitable for use. Similar to other researchers,
we have also experienced lack of reproducibility of MTT
assay results with such polyphenols and possible
misinterpretation of the data. 

Tumour cell death serves as a useful endpoint in cytotoxicity
studies. As an alternative and to minimise the limitation posed
by MTT mentioned above, we chose a novel cell viability
assay that uses the anthraquinone DRAQ7. This is a marker of
apoptosis, necrosis and dead cells as it stains the nuclei in dead
and permeabilized cells but not in intact live ones. The
fluorescent properties of this novel non-invasive, far-red
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emitting (Exλmax 599/644, Emλmax 694) fluorescent DNA dye
allow efficient differentiation of dead cells from live ones by
real-time flow cytometry (27). In addition, it is possible to
assess levels of background autofluorescence so that any
contributions of the polyphenols can be taken into account.

The aim of this study was to evaluate whether DRAQ7
could be a better viability marker than tetrazolium bromide
(MTT) for in vitro cytotoxicity studies. Two glioma cell lines
(IPSB-18 and U373) were treated with 4 brightly coloured
polyphenols: RGSE, RCE, ARE and CUR. Normal brain
cells (MUAB-C) were used as controls and a pancreatic
cancer cell (AsPC-1) was also studied for comparison. 

Materials and Methods

Polyphenols. RCE, a dark green powder under the market name Red
clover extract IFL 40 (UPS), was donated by Linnea SA, Lavertezzo
Piano, Switzerland. RGSE, a rust-coloured powder sold under
market name MegaNatural™-Gold, was donated by Canandaigua
Concentrate and Polyphenolics, Divisions of Constellation Brands,
Inc, Madera, California, USA. ARE is a dark purple coloured
powder, donated by Artemis, International, Inc (Fort Wayne,
Indiana, USA). It was processed with water and ethanol as an
extract solvent. CUR is an orange-coloured powder, obtained from
turmeric by a solvent extraction method (97% natural); it was
supplied by Indus Biotech, Pune, Maharashtra, India.

Prior to use, each polyphenol was initially solubilised in DMSO
100 mg/ml (Sigma-Aldrich, Gillingham, UK) and filtered with a
0.22-μm syringe driven filter (Millipore, Watford, Hertfordshire,
UK). This stock solution was then serially diluted to 1 mg/ml, in
DMSO. This solution was further diluted in complete medium (CM)
to attain a final working concentration of 300 μg/ml, reducing the
total percentage of DMSO to less than or equal to 1%.
Subsequently, concentrations ranging between 1 ng/ml and 250
μg/ml were prepared by diluting the working solution with clear
DMEM, for brain tumour and normal brain cells, or with clear
RPMI, for the pancreatic cancer cell line.

Cell culture and maintenance. An established glioma cell line,
U373, at passage >100, was donated by Professor Rolf Bjerkvig
(Bergen, Norway). IPSB-18 cell line was cultured and established
from a glioma biopsy and used at passage >50. Normal human brain
short-term cultures (MUAB-C) were derived from a biopsy obtained
at temporal lobectomy from an epileptic patient. Both biopsies were
obtained at the time of surgery (collected between 1985 and 2001),
under local Ethical permission with written informed consent
(LREC No 00-173) from the Neurosurgical staff at King’s College
Hospital, London. The glioma was diagnosed by a neuropathologist,
according to the World Health Organisation criteria (28). The human
established pancreatic cancer cell line, AsPC-1, was purchased from
the American Type Culture Collection, Manassas, Virginia, USA.
All cultured cells used in this study were tested routinely for
mycoplasma and confirmed to be of human origin.

Cells were cultured as monolayers in culture flasks, in a standard
humidified incubator (37˚C, 5% CO2). Brain cells were maintained in
Dulbecco’s modified Eagle’s medium (DMEM, Sigma-Aldrich) whereas
the pancreatic cancer cell line was cultured in RPMI-1640 medium
(Sigma-Aldrich). Both media were supplemented with 10% v/v foetal

calf serum (Sigma-Aldrich) and antibiotics (penicillin and streptomycin
at final concentrations of 100 IU/ml and 100 μg/ml, respectively).

Determination of IC50 values using MTT viability assay. The MTT
viability assay, optimised for gliomas, was used with some
modifications (29). Briefly, cells were plated into 96-well plates
(Fisher Scientific, Loughborough, UK), at a seeding concentration of
10,000 cells per well with 200 μl of CM (without phenol red). The
cells were incubated for 24 h to allow adherence of cells to the plate.
Then the CM was replaced with a wide range of concentrations (1
ng/ml – 250 μg/ml) of each of the four polyphenols (RCE, RGSE,
ARE or CUR). Six wells were used for each polyphenol and the
experiment was repeated three times. The cells were further incubated
for 48 h at 37˚ C. Fresh CM and sterile distilled water were used as
controls for normal growth and non-specific colour, respectively. 

After 48 h of treatment, the solution from each well was
discarded. Cells were washed three times in phosphate buffered
saline, PBS (Sigma). Then freshly prepared MTT solution in clear
medium (1 mg/ml) was added to each well and incubated at 37˚C
for a further 4 h. MTT was removed and the formazan crystals were
dissolved in 100 μl DMSO. The plates were then shaken and
absorbance (optical density; OD), was read at 570nm, using a
Microplate Autoreader (BIO-TEK Instruments, Winooski, VT, USA)
as an indicator of cell viability. 

In order to determine whether limitations of the MTT viability
assay were due to DMSO toxicity, parallel experiments were
conducted in which the brain tumour or pancreatic cancer cells were
solubilised in clear medium instead of DMSO. In addition, the cells
were treated with a wide range of DMSO concentrations instead of
polyphenols for 48 h. 

Absorption spectra of polyphenols. Since the polyphenols used in this
study display dark colours even when solubilized, it is likely that their
absorbance spectra overlap with that of the MTT solution. Hence, the
optical density of the solutions was recorded using a
spectrophotometer (BMG Labtech, Aylesbury, UK). Each polyphenolic
compound was dissolved in clear media at concentrations ranging
from 0.1 μg/ml to 200 μg/ml, as appropriate. For the base line, either
clear (without phenol red indicator) complete DMEM was used for
brain tumour cells or clear complete RPMI for pancreatic cancer cells.
Even though the wavelength used to measure absorbance in the MTT
assay is 570nm, the infrared and ultraviolet-visible spectroscopy range
(190-1100nm wavelength) was included to study each sample. The
means of duplicate readings were taken. 

Determination of IC50 values using DRAQ7 dye and flow cytometry.
For the DRAQ7 assay, cells were grown in flasks and not 96-well
plates, due to higher number of cells required (100,000 cells).
Following 48 h of treatment with the appropriate concentrations of
each polyphenol (range from 1 μg/ml to 250 μg/ml), cells were
trypsinized and centrifuged at 300 ×g for 3 min. The harvested cells
were suspended in 300 nM of the fluorescent dye DRAQ7
(Biostatus Ltd, Shepshed, Loughborough, UK) and incubated in the
dark, at room temperature for 10 min. The samples were run on a
FACSCalibur (BD Biosciences, San Jose, CA, USA) using 638 nm
excitation for DRAQ7 with emitted fluorescence being collected
using a 660/16 bandpass filter. DRAQ7 can also be excited using a
488 nm laser with emitted fluorescence being detected above 670
nm. The cell viability of the samples was analysed within 1 h from
staining and a minimum of 10,000 events were collected. 
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Positive control cells (all dead) were treated with sterile distilled
water, while negative controls were grown in fresh CM. To establish
the position of DRAQ7– and DRAQ7+ gates, one of each negative
and positive control was stained with DRAQ7 dye and the other
with PBS alone.

Microscopic observations for viable cells. Cells from the established
gliomas and pancreatic cancer cell lines were cultured in 6-well plates
(Corning™ Costar, Hazlemere, UK) at a density of 100,000 cells per
well in 2 ml DMEM. They were left overnight to adhere and then the
medium was replaced with fresh containing a range of concentrations
for each polyphenolic compound (1 ng/ml – 250 μg/ml). Two wells
were used for each concentration and the experiment was repeated
twice. The negative and positive controls contained CM and distilled
water, respectively. After 48 h of incubation at 37˚C, cells were
visualised under a phase contrast microscope (Olympus IX2, Watford,
Hertfordshire, UK) at a magnification of 40× for cell viability. These
observations were used as a rough guide only.

Statistical analysis. The absorbance data from MTT viability assay
was analysed using Microsoft Excel (Office Excel 2016; Microsoft,
Redmond, MA, USA) and StatsDirect software (StatsDirect Ltd,
Cheshire, UK; http://www.statsdirect.com) to determine the mean
and standard deviation values. For each parameter, an average of
triplicate readings of 6 wells was taken. Cells treated with medium
only were referred to as controls (equivalent to 100% viable cells)
and the absorbance for the treated cells was expressed as percentage
decreased viability compared to the controls. Graphs for
determining IC50 values were produced using Origin 6.0 software
(https://www.originlab.com/). Statistical significance of differences
between treated cells and controls was determined by Student’s t-
test. All p-values <0.001 were considered to be significant. 

The DRAQ7 assay data was analysed using Microsoft Excel. An
average value of each concentration was taken and compared with
the negative control (untreated cell sample) which represents 100%
cell viability. The dose response curve obtained gave an estimate of
IC50 value for each of the cultured cells studied.

Results
Limitations of MTT viability assay. Over the years, we have
routinely screened the in vitro therapeutic potential of
various polyphenols for gliomas. All the cell lines in this
study including the control (normal brain cell cultures,
MUAB-C), glioma cell lines (IPSB-18 and U373) and
pancreatic cancer cell line (AsPC 1) were treated with the 4
polyphenols (RGSE, RCE, ARE and CUR). However, only
representative results were selected and presented for the
purpose of specifically demonstrating limitations of MTT
viability assay with brightly coloured polyphenols.

The viability of normal human brain cell cultures (MUAB-
C) was unaffected by all 4 polyphenols. Representative data
for MUAB-C cells treated with RGSE is demonstrated in
Figure 1A as well as with DMSO only (Figure 1B). Generally,
MTT assay results showed a biphasic response of glioma cells
(IPSB-18) when treated with polyphenols, particularly with
RGSE and RCE (Figure 1C and 1D), at low concentrations,
whilst a variable and apparent increase in cell viability was

observed at high concentrations. Interestingly, the solutions of
the tested polyphenols (including RGSE and RCE) in DMSO
were toxic, causing a 20% reduction in glioma cell (IPSB-18)
viability when used at lower concentrations (up to 1×10–4 and
1×10–3 for RGSE and RCE respectively), compared to
polyphenols dissolved in CM (paired t-test, p<0.05). However,
this effect at higher concentrations of both RGSE and RCE
was not statistically significant due to the cytotoxic effects of
the polyphenols themselves. The IC50 value for RGSE and
RCE appeared to be 10 μg/ml and 4 μg/ml, respectively. In
Figure 1C and 1D, the large error bars also indicate lack of
reproducibility of data. Representative data for CUR in the
U373 glioma cells indicated three possible IC50 values
including 0.5 μg/ml, 1.5 μg/ml, and 20 μg/ml (Figure 1E); the
highest of these three values was more accurate. Unlike the
cytotoxic effects of DMSO on glioma cells, the pancreatic cell
line, AsPC 1, seemed to be unaffected (Figure 1F).

Absorption spectra of polyphenols. Since inconsistency in
viability at higher concentrations of all the polyphenols was
observed, their absorption spectra were recorded. Absorption
maxima for RGSE, RCE and ARE were seen between 200
and 400 nm (Figure 2A, 2B and 2C, respectively). However,
absorption at 570 nm, which increased with higher
concentrations of each polyphenol, suggested interference
with absorption spectrum of MTT. In contrast, the
spectrogram for CUR (10 μg/ml) (Figure 2D) showed a
lower absorption maxima, below the 570 nm mark for MTT,
suggesting negligible interference with the latter. 

Determination of IC50 values using DRAQ7 dye and flow
cytometry. Typical scatter plots for the DRAQ7 assay used to
estimate IC50 values are shown in Figure 3. When U373 cells
were treated with 100 μg/ml RGSE, 30.8% of the cells were
dead (Figure 3D). Representative data derived from such
scatter plots for the DRAQ7 flow cytometry assay are
presented for glioma cells (IPSB-18 and U373) treated with
RGSE and RCE in Figure 4A-4D, U373 treated with CUR
and the pancreatic cell line (AsPC-1) treated with ARE in
Figure 4E and 4F, respectively. In contrast to the MTT assay,
the IC50 values for DRAQ7 were higher and showed
consistent dose-dependent toxicity in every cell line treated
with each polyphenolic compound. 

Microscopic observations of viable cells. Representative
micrographs for the glioma cell line IPSB-18, illustrate a
direct dose dependent relationship seen between RGSE
concentration and cell viability (Figures 5A-D). The
microscopic observations indicated that IC25 value for RGSE
was between 30 μg/ml and 40 μg/ml, whereas IC75 was
between 100 μg/ml and 120 μg/ml. Most importantly, the
IC50 value was estimated to be between 40 μg/ml and 50
μg/ml. Complete cell death was observed when the cells
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were treated with RGSE at concentrations equal to or higher
than 150 μg/ml (Figure 5D). Microscopic observations were
consistent with the viability results derived from DRAQ7
flow cytometry and not MTT assay, for all cell lines and
polyphenols tested.

Discussion

Considerable evidence has been documented over the years
in support of therapeutic potential of polyphenolic
compounds in different cancers including our own research
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Figure 1. In vitro cytotoxic effects of polyphenols on different cells lines determined by MTT assay. Cells were treated for 48 h. Normal astrocytic
cell cultures (MUAB-C) were treated with concentrations of red grape seed extract (RGSE) (A) and dimethyl sulfoxide (DMSO) (B) on a log scale.
(C) and (D) represent data for IPSB-18 cells treated with RGSE and red clover extract (RCE), respectively. Cells were treated with DMSO only
(blue line) or with a wide range of concentrations of polyphenols, solubilised in clear DMEM (green line) or dimethyl sulfoxide (DMSO) (red line).
A biphasic response was seen but the data lacked reproducibility. (E) A biphasic response was also seen when U373 cells were treated with curcumin
(CUR). (F) Non-toxic effect of DMSO seen on AsPC-1 (Pancreatic cancer). Cell viability was calculated as a percentage of the positive control.
The error bars represent standard deviation (n=3). Comparisons between cells treated with RGSE or RCE (C and D, respectively) dissolved in
complete medium (CM) and RGSE or RCE dissolved in DMSO showed p>0.05 (not statistically significant). 



on gliomas. Cell-based assays are frequently used for pre-
clinical screening of anti-tumour agents in order to determine
if they show direct cytotoxic effects that lead to cell death.
The MTT enzyme-based, colorimetric assay is a commonly
used and well-established method of indirectly determining
the number of viable cells in cytotoxicity studies.

Although there have been modifications to this assay, other
new assays have been developed, which measure different end
points and are considered to be better alternatives (30). In
addition, limitations and pitfalls have been reported by other
workers (31) and some have suggested that the MTT assay

may not be the best assay of choice for certain therapeutic
agents (32). The present study demonstrated the limitations of
MTT assay with respect to lack of reproducibility, interaction
of polyphenolic compounds with MTT, interference of
absorbance spectrum of MTT at 570 nm with that of these
compounds and toxicity of the solubilisation solution DMSO. 

Hormesis is an interesting phenomenon also referred to as
biphasic response, characterised by a low dose stimulation and
high dose inhibition (33). The hormetic curve can be either 
U-shaped or inverted U-shaped, depending on the end point.
The biphasic dose response seen with the MTT assays confirms
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Figure 2. Comparative spectrograms of polyphenols. Selective absorption spectra over a wavelength range of 190-1100 nm for (A) red grape seed
extract (RGSE) at 1 μg/ml (green), 1 μg/ml (red), 10 μg/ml (blue), (B) red clover extract (RCE) at 1μg/ml (green), 1 μg/ml (red), 10 μg/ml (blue),
(C) anthocyanin-rich extract (ARE) at 100 μg/ml (green), 200 μg/ml (red), (D) curcumin (CUR) at 100 μg/ml (blue). Optical density readings were
means of duplicates. The absorption spectrum reference for MTT is marked by a line at 570 nm. 



the findings of others who have contributed it to various
factors, such as the polyphenols epigallocatechin (EGCG also
found in red grape seed extract), quercetin (found in ARE) and
curcumin (34). These agents have been reported to enhance the
proliferation of cancer cells at low concentrations but show
toxic effects or inhibitory effects at higher concentrations.

One possible reason why the MTT assay results in this
study are unreliable and not reproducible is that the
absorbance spectra of RGSE, RCE and ARE overlap the
spectrum of the MTT solution at 570 nm. MTT is converted
by viable cells with active metabolism to a purple color
formazan product with an absorbance maximum at 570 nm.

Ultraviolet and visible spectroscopy of various polyphenolic
compounds has been documented distinguishing the different
subgroups of flavonoid based on their structure (35). 

We have shown that the very dark color solutions of
RGSE, RCE and ARE (rust, green and purple, respectively)
have a more profound effect in interference with formazan’s
absorbance spectrum including in the range of expected IC50
values. Indeed, the resulting under-estimation of the IC50
values may reflect upon the colour intensity of the formazan
dye not correlating directly with the number of viable cells.
The residual colour from the extracts (ARE, RGSE and
RCE) was probably not completely removed, despite copious
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Figure 3. Representative scatter plots for glioma cells treated with RGSE for DRAQ7 viability assay. U373 cells either untreated (A and B) or
treated with 100 μg/ml red grape seed extract (RGSE) for 48 h (C and D). Panels A and C represent scatter plots of harvested cells with whole
cells being selected via the region. Plots B and D show cells within each region and dead cells are defined by DRAQ7 positivity.



washing. In contrast, as the peak of CUR’s absorbance
spectrum is around 400nm, any spectral interference with
that of MTT (570nm) is less compared to that seen with
ARE, RGSE and RCE. The former is consistent with the

findings of Cai et al. (36) who have also recently reported
CUR’s peak absorbance (420nm) and spectral interference
with another colorimetric viability assay, the cell counting
kit-8 (CCK-8) assay.
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Figure 4. In vitro cytotoxic effects of different concentrations of polyphenols on different cell lines determined by DRAQ7 viability assay. The IC50 values
for IPSB-18 cells (A) and U373 cells (B) treated with grape seed extract (RGSE) were 38 μg/ml and 130 μg/ml, respectively. Similarly for IPSB-18 cells
(C) and U373 cells (D) treated with red clover extract (RCE), the IC50 values were 16 μg/ml and 10.5 μg/ml, respectively. For U373 cells (E) treated with
curcumin (CUR) and AsPC-1 cells (F) treated with anthocyanin-rich extract (ARE), the IC50 values were 13 μg/ml and 132 μg/ml, respectively. The
fluorescent marker, DRAQ7 was used as a marker of viability. This data gave reproducible IC50 values. The error bars represent standard deviation (n=3).



A variety of chemical compounds have been shown to
interfere with the MTT assay. They usually lead to either
increased activity of succinate dehydrogenase activity, as
reported for epigallocatechin-3-gallate (32), or non-
enzymatic reduction of MTT to formazan, as reported for
quercetin (37). A small study evaluated the limitations of
MTT assay with 15 polyphenols from green tea. These
included chlorogenic acid, epicatechin, catechin, quercetin
which are all present in our extracts: aronia melanocarpa,
red grape seed and red clover (25). They suggested that the
hydroxyl groups in the polyphenols were responsible for the
reduction of MTT to formazan, thereby giving a false
increased MTT reduction (38). 

An important factor to consider with the MTT assay is the
use of DMSO to solubilize the formazan crystals. Indeed, it is
an important and widely used solvent for various compounds
which are not water soluble such as the polyphenols of interest
to our research. Nevertheless, when possible toxic effects were
investigated on the glioma cells lines (U373 and IPSB-18),
there was a 20% reduction in viability over a wide range of
concentrations, from 1×10–8 μg/ml to 10 μg/ml. Cytotoxicity
effects were, however, not seen with either the malignant
pancreatic cancer, AsPC-1 or normal human brain cells. Thus,
selective toxicity of solvent to brain tumour cells but not
pancreatic cancer cells is enigmatic. Furthermore, cytotoxicity
of DMSO at a low-dose has been reported in a retinal neuronal
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Figure 5. Microscopic observations of effect of RGSE on IPSB-18 cell line. Micrographs of monolayers of cultured cells treated with different
concentrations of red grape seed (RGSE) for 48 h. Magnification of 40× by phase contrast microscopy. Representative data of concentrations used
was a rough guide for viability: (A) 1 ng/ml, (B) 30 μg/ml, (C) 100 μg/ml, (D) 150 μg/ml. Scale bars=250 μm.



cell line unexpectedly (12) but not in colon tumour cell
cultures even at higher concentration of 10% (39).

It is worth noting that when comparing the 2 viability
assays using MTT tetrazolium compound and the
anthracycline derivative, DRAQ7, the latter was preferred as
it gave more reliable and reproducible IC50 values for the
glioma cell lines (U373 and IPSB-18), and the pancreatic
cancer cell line (AsPC-1). We have shown that the IC50 values
calculated are generally underestimated with the MTT assay
for IPSB-18 and U373, but not necessarily for AsPC-1. This
confirms its limitations and pitfalls suggested above and also
the finding that DMSO is not toxic to AsPC-1 cell line.

In contrast to MTT, the anthraquinone, DRAQ7, is a novel
far-red emitting (Exλmax at 599/644nm) viability dye for in
vitro cytotoxicity studies for detection by flow cytometry. The
latter assay has no ultra violet excitation and has advantages
over the MTT colorimetric assay since it does not cross the
membranes of viable (or intact) cells but instead it enters leaky
cells and labels the nuclear DNA. This makes it an excellent
marker for cell membrane permeabilization and dead cells;
apoptotic or necrotic. Another advantage of using the DRAQ7
fluorescent dye is that it does not require any washing steps
thereby preventing loss of cells.

It can be concluded that although the detection method for
the MTT assay has been well established and popular, it has
limitations for use with brightly coloured polyphenolic
compounds and glioma cell lines. Hence it is not suitable for
our research as a viability assay but instead of this
colorimetric assay, the DRAQ7 flow cytometry method is
preferred and recommended as an alternative. 
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