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Abstract: A dye exclusion test (DET) was performed to determine the viability of human breast cancer
cells MCF-7, using natural food pigments as compared with trypan blue (TB), a typical synthetic dye
for DET known to exhibit teratogenicity and cytotoxicity. We demonstrated that Monascus pigment
(MP) is noninvasive to living cells and can effectively stain only dead cells. This study is the first
verification of the applicability of MP to cancer cells. The appropriate MP concentration was 0.4%
(0.02% as the concentration of pure MP) and all the dead cells were stained within 10 min. We found
that the cell proliferation or the reduced nicotinamide adenine dinucleotide (NADH) activity of living
cells was maintained over 48 h. Although 0.1% TB did not show an increase in dead cells, a marked
decrease in NADH activity was confirmed. In addition, even when MP coexisted with cisplatin,
staining of dead cells was maintained for 47 h, indicating stability to drugs (reagents). The cost of MP
is estimated to be about 1/10 of TB. The fact that MP can be used as a cell viability determination
reagent for Euglena and Paramecium, as shown in preceding papers, and also for MCF-7, as shown in
this paper, indicates the possibility of application in more cells of different species.
Keywords: viability assay; dye exclusion test; natural food pigment; Monascus; human breast cancer
cell; MCF-7; noninvasive; trypan blue

1. Introduction
In vitro tests are faster, easier to perform and to quantify, usually cheaper, and allow studies of
isolated steps [1]. In vitro, chemical substances such as drugs and pesticides have various cytotoxic
mechanisms such as destruction of cell membranes and prevention of protein synthesis [2]. To identify
cell death caused by these toxicities, the fields of toxicology and pharmacology require inexpensive,
reliable, and reproducible short-term cytotoxicity and cell viability assays.
In particular, in the case of a harmless method for assessing the viability of a target cell, more
detailed information can be obtained by long-term monitoring of the viability. Furthermore, since
it is not necessary to prepare the same number of samples for viability assay, the cost and labor can
be reduced, and also the problem of non-uniformity between samples does not occur. Therefore,
there should be a potential demand for a long-term, noninvasive, safe viability assay of the same sample.
The following conventional methods to distinguish between live and dead cells in culture have
been established:
Dye exclusion test (DET) Cells stained with a synthetic dye such as trypan blue (TB) are judged as
dead cells [3].
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Colony formation assay The number of live cells is evaluated by the number of colonies formed on an
agar culture after an inoculation of diluted cell suspension and following a definite time of culture [4].
Enzyme activity assay Enzymatic reaction in living cells or enzymes leaking out of dead cells are used
for viability assay [5].
Flow cytometry analysis Dead cells are labeled with a fluorescent dye [6] and detected by fluorescence
flow cytometry [7,8].
Optical method The dead or living state of cells is diagnosed by deflection change of the probe light
beam [9].
Electro-orientation-based assay The positions of alternative electro-orientation of living or dead
cylindrical yeast cells are dependent on the applied frequency [10].
However, these methods have difficulties such as requiring specialized techniques and equipment,
damaging cells, inability to perform in situ measurement in the cultivation process, or only applicable
for cells of a specific shape (non-spherical) [9–11]. Therefore, in order to solve these problems,
we propose a DET using natural edible pigments that are safe for humans and minimally invasive
to cells, as an alternative to a DET using conventional synthetic dyes that are toxic to humans and
invasive to cells.
Trypan blue (TB), a vital dye, has been conventionally used for the DET. TB is a widely used diazo
dye for selectively coloring dead cells or tissues. The mechanism for TB to stain dead cells is based
on its negative charge which prevents the incorporation of it into the living cells with the membrane
negatively charged. Therefore, living cells are not stained, but dead cells with the compromised cell
membrane are stained by TB [12–14]. However, TB is known to cause cell health and environmental
problems due to its potential teratogenic effects [15,16]. It has also been pointed out that pore formation
in cell membranes is possibly induced to increase membrane permeability [13]. As other dyes for the
DET, methylene blue [17,18], eosin [19], nile blue [20], and amethyst violet [21] have been used but it is
known that the selective permeability of the plasma membrane is destroyed or severely impaired [3],
indicating that these dyes are toxic for cells.
In order to avoid these problems, six natural food pigments (Monascus, purple sweet potato,
yellow gardenia, green gardenia, red beet, and Spirulina) and a traditional synthetic dye (TB) for
viability assay are tested in this study, among which Monascus pigment (MP) is of particular interest.
MP is extracted from the Monascus sp. which is a kind of filamentous fungus.
MP exhibits a red color due to a molecule of the pigment whose main component is
monascorubrin [22]. It does not have a significant pH dependence of the color (although it tends to
precipitate in acidic solution), has excellent stainability to proteins, and is relatively stable to heat [22].
MP is not easily affected by metal ions other than copper [23], whereas it is unstable against light
irradiation, especially in an acidic condition. MP has been used for more than 1000 years as a food
pigment and a folk medicine in China because an efficient production method was established using
fermentation of rice. MP is a cost-effective and reproducible substrate, has variation in colors, is highly
safe, and shows good solubility in water and ethanol [24,25]. Moreover, it possesses biological activities
such as anticancer properties, anti-mutagenic activity, antibacterial activity, and potential anti-obesity
activity [26]. Regarding the quality assurance of MP, it is based on the component standards in the
Japan’s Specifications and Standards for Food Additives (JSFA) [27]. The details are described in the
article of the example applied to Paramecium [28].
Animal cells for various pathological experiments do not have motility or characteristic pigments,
making it difficult to judge using only visual microscopic observation. The breast cancer cell line,
MCF-7 cells, which is widely available as an in vitro model for cancer research, has been used [29].
Cisplatin (cis-diamminedichloroplatinum (II)) is a widely used chemotherapeutic drug for the treatment
of various types of cancer, including breast cancer [30,31]. In particular, MCF-7 cells are widely used in
studies of estrogen receptor (ER, positive breast cancer cells [32,33].
To verify that this method is applicable to a wide variety of cells, first, we examined whether
natural pigments are not toxic to human breast cancer cells MCF-7 cells in the presence or absence
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of cisplatin and if they can be replaced with conventional synthetic dyes for viability assay. Then,
the effect of natural pigments on cells with different properties was investigated, and the results
were compared between the unicellular green alga Euglena [34] and the protozoan Paramecium [28],
which differ in cell structure.
2. Materials and Methods
2.1. Sample Preparation
Human breast cancer MCF-7 cells were cultured stationarily in Eagle’s Minimal Essential Medium
(E-MEM) (Wako, Osaka, Japan) supplemented with 10% FBS (Thermo Fisher Scientific, Waltham,
MA, USA), 1% penicillin streptomycin (P/S) (Merck KGaA, Darmstadt, Germany), 10 µg/mL insulin
(Wako), 1% MEM nonessential amino acids solution, and 1 mM sodium pyruvate solution at 37 ◦ C
and 5% CO2 on a 6-well plate (92006, TPP), 12-well plate (92012, TPP), and 96-well plate (92096, TPP).
Cisplatin was dissolved in 90% dimethyl sulfoxide in phosphate buffered saline (90% DMSO in PBS)
before use. Incubation period before and after addition of pigment for each experiment is shown in
Table 1.
2.2. Bright-Field Observation of Cells
The following were used for bright-field observation in each test (listed in Table 2):
•
•
•
•
•
•
•

A fluorescence microscope, BZ-9000;
A 4× objective lens, NA 0.20, CFI Plan Apochromat Lambda 4X, Nikon;
A 20× objective lens, NA 0.75, CFI Plan Apochromat Lambda 20X, Nikon;
Exposure time, 1/900 sec (4× objective lens, Figure 1);
Exposure time, 1/130 sec (20× objective lens, Figure 2);
Exposure time, 1/80 sec (20× objective lens, Figure 3);
Exposure time, 1/130 sec (20× objective lens, Figures 4 and 5).

Only the experiments in Table 3. “Pigment usable/unusable for viability assay” were performed
under the following conditions (the objective lens is the same as above):
•

4× objective lens, 1/800 sec or 1/900 sec.

2.3. Preparation of Dead Cells of MCF-7 Cells (Common for All Experiments)
Dead cells were obtained by the following two treatments:
Microwave (MW) treatment Cells were treated with microwave at 2.45 GHz until it was boiled.
Cisplatin treatment Cisplatin (Wako) was added to the culture and adjusted to a final concentration of
20 µM. According to the report, the survival rate of MCF-7 cells at 20 µM of cisplatin was estimated to
be about 80% [35]. In this report, the relationship between survival rate and cisplatin concentration
was 85.67% (12 µM) and 76.03% (25 µM) (Figure 1B in reference [35], not in this paper).
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Table 1. Incubation period before and after addition of pigment.
Experimental Item

Table/Figure
Number

Incubation Period
(Before Pigment Addition)

Incubation Period
(After Pigment Addition)

Confirmation of staining by
natural pigment

Table S3, Supplementary
Material

2 day

12 h

Magnification of observation and staining
of dead cells

Figure 1

2 day

20 min

Confirmation of staining of dead cells

Figure 2

2 day

20 min

Immersion time and staining of dead cells

Figure 3

2 day

1 min, 5 min, 10 min

Staining of cells in a mixed solution of MP
and cisplatin

Figure 4

2 day

14 h

Confirmation of noninvasiveness
of pigment

Figure 5

2 day

47 h

Cytotoxicity assay (WST-8 *), Tukey test

Figure 6

2 day

24 h, 48 h

* 2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium.

2.4. Pigment for Viability Assay
The following two types of pigments were used in this study for viability assay (the pigment
concentrations in each experiment are shown in Table 2):
Natural food pigment Food pigment Red (Monascus, Watashinodaidokoro Co., Ltd.
watashinodaidokoro.net/);
Synthetic dye Trypan blue (Merck KGaA).

http://

Here, the component of “Food pigment Red” contains 95% w/w dextrin by weight, and the
remaining 5% is pure MP. However, in the preceding papers that used Euglena and Paramecium as
samples [28,34], the concentration of “Food pigment Red” was described as the concentration of “MP”.
(Cf. The concentration of MP shown in Table 2 is the concentration of “Food pigment Red” and the
concentration of “pure” MP is 5% of that value.).
Table 2. Concentration of added reagent and observation magnification in each examination.
Pigment/Dye Concentration (%)

Experimental Item

Table/Figure
Number

Control

MP

TB

Confirmation of staining by
natural pigment

Table 3

-

1※

Magnification of
observation and staining of
dead cells

Figure 1

0

Confirmation of staining of
dead cells

Figure 2

Immersion time and
staining of dead cells

Cisplatin (µM)

Objective Lens

-

0

4×/20×

1, 5

-

0

4×/20×

0

0.4

0.1

0

20×

Figure 3

0

0.4

0.1

0

20×

Staining of cells in a mixed
solution of MP and cisplatin

Figure 4

0

1, 5

-

20

20×

Confirmation of
noninvasiveness of pigment

Figure 5

0

0.4

0.1

0

20×

Cytotoxicity assay (WST-8)

Figure 6

0

0.4

0.1

0

-

※

The pure MP concentration is 5% of the value in the table (cf. 0.4% MP in the table means 0.02% “pure
MP” concentration).

2.5. Confirmation of Staining by Natural Pigment
The MCF-7 cells were plated at a density of 5.0 × 105 cells/well in 6-well plates (10 mm2 /well).
After 2 days, the MCF-7 cells were treated with six natural food pigments (Monascus, 0.5% W/W (purple
sweet potato) or 1% W/W (Monascus, yellow gardenia, green gardenia, red beet, or Spirulina) in the
presence or absence of 20 µM cisplatin, for 12 h. Then, cells mixed with Monascus or green gardenia
were washed with PBS. Samples mixed with other pigments were not washed with PBS. Cells were
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observed with a bright field microscope (4× objective lens). The pigment that enabled easy visual
discrimination of stained cells was defined as usable as a reagent for viability assay. The results are
shown in Table 3.
2.6. Magnification of Observation and Staining of Dead Cells
The MCF-7 cells were plated at a density of 3.8 × 105 cells/well in 6-well plates. After 2 days,
the MCF-7 cells were microwaved until the medium boiled. After discarding the medium, cells were
treated with 1 or 5% MP for 20 min, and then washed three times with PBS at room temperature.
Cells treated with no pigment were used as the “control”. Cells on the bottom of the dish were observed
with a bright-field microscope (4× or 20× objective lens). The results are shown in Figure 1.
2.7. Confirmation of Staining of Dead Cells
The MCF-7 cells were plated at a density of 1.5 × 105 cells/well in 12-well plates (4 mm2 /well).
After 2 days, the MCF-7 cells were microwaved until the medium boiled. After discarding the medium,
cells were treated with 0.4% MP or 0.1% TB for 20 min, and then washed three times with PBS at room
temperature. Cells treated with no pigment were used as the “control”. Cells on the bottom of the dish
were observed with a bright-field microscope (20× objective lens). The results are shown in Figure 2.
2.8. Immersion Time and Staining of Dead Cells
The MCF-7 cells were plated at a density of 1.5 × 105 cells/well in 12-well plates (4 mm2 /well).
After 2 days, the MCF-7 cells were microwaved until the medium was boiled. After discarding the
medium, cells were treated with 0.4% MP or 0.1% TB for 20 min, and then washed three times with PBS
at room temperature. Cells treated with no pigment were used as the “control”. Cells on the bottom of
the dish were observed with a bright-field microscope (20× objective lens). The results are shown in
Figure 3.
2.9. Staining of Cells in A Mixed Solution of MP and Cisplatin
The MCF-7 cells were plated at a density of 3.8 × 105 cells/well in 6-well plates (10 mm2 /well).
After 2 days, the MCF-7 cells were treated with 1 or 5% MP in the presence or absence of 20 µM
cisplatin for 14 h. The medium was collected and the cells on the bottom of 6-well plates were washed
three times with PBS (“bottom” sample). The medium was centrifuged at 200× g for 5 min, at 4 ◦ C.
After discarding the supernatant, the pellet was washed by PBS and centrifuged again. The pellet
was suspended by PBS and moved to new 12-well plates as floating cell sample (“floating” sample).
Cells treated with no pigment were used as the “control”. Cells were observed with a bright-field
microscope (20× objective lens). The results are shown in Figure 4.
2.10. Confirmation of Noninvasiveness of Pigment
The MCF-7 cells were plated at a density of 1.5 × 105 cells/well in 12-well plates (4 mm2 /well).
After 2 days, the MCF-7 cells were treated with 0.4% MP or 0.1% TB for 47 h. The medium was collected
and the cells on the bottom of the 6-well plates were washed three times by PBS (bottom sample).
The medium was centrifuged at 200× g for 5 min, at 4 ◦ C. After discarding the supernatant, the
pellet was washed by PBS and centrifuged again. The pellet was suspended by PBS and moving new
12-well plates as floating cell sample (floating sample). Cells treated with no pigment were used as
the “control”. Cells were observed with a bright-field microscope (20× objective lens). The results are
shown in Figure 5.
2.11. Cytotoxicity Assay (WST-8)
Cell Counting Kit-8 (Dojindo Molecular Technologies, Inc.)
is a cell proliferation/
cytotoxicity measurement kit that uses the water-soluble tetrazolium salt WST-8 (2-(2-methoxy-
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4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium) as a coloring reagent.
When WST-8 is reduced, WST-8 produces orange, water-soluble formazan with a maximum absorption
around 460 nm. WST-8 is reduced by reduced nicotinamide adenine dinucleotide (NADH) produced
by dehydrogenase in the cell via 1-methoxy PMS [36]. Since the absorbance is proportional to the
number of cells and the enzymatic activity of the cells, it serves as an indicator of the health of the cells.
The MCF-7 cells were plated at a density of 1.3 × 104 cells/well in 96-well plates (0.35 mm2 /well).
After 2 days, the MCF-7 cells were treated with 100 µL of 0.4% MP or 0.1% TB for 24 or 48 h. Then,
10 µL of WST-8 was added. Samples were incubated for 3 h. Cells treated with no pigment were used
as the “control”. Samples were measured for absorbance (TECAN Nano Quant Infinite M200 Pro,
Tecan, Zurich, Switzerland). From the sample absorbance (450 nm), the absorbance of a solution in
which an equivalent amount of the pigment (Figure 6) and WST-8 were added to the fresh growth
medium as a background was subtracted. Samples were measured in six independent wells. Statistical
analysis was performed by one-way analysis of variance (ANOVA) and Tukey test using BellCurve for
Excel software (Social Survey Research Information Co., Ltd., Tokyo, Japan). The average value of “the
absorbance ± standard error (n = 6)” is shown in Figure 6 and the results of the Tukey test are shown
in Figure 6. A p-value <0.05 was considered to be significant.
3. Results
3.1. Confirmation of Staining by Natural Pigment
Six natural food pigments (Monascus, purple sweet potato, yellow gardenia, green gardenia,
red beet, and Spirulina) were added to the cell suspension (1%). For each sample with pigment added,
a sample with cisplatin added (20 µM) and a control sample with no pigment added were prepared.
The pigments that could be easily visually discriminated by bright field microscope observation after
12 h, and in which more cells were stained in the cisplatin-added sample than in the control sample,
were made usable as a reagent for viability assay. Trypan blue was determined to be usable because
we confirmed that it was a conventional reagent for viability assay and that it could be usable by
other tests (Figures 2, 3 and 5). The data are shown in Supplementary Material, and the results are
summarized in Table 3.
Table 3. Pigment usable/unusable for viability assay.
Natural Food Pigment
Monascus
#

Synthetic Dye

Purple
sweet potato

Yellow
gardenia

Green
gardenia

Red beet

Spirulina

Trypan blue

×

×

×

×

×

#

#, usable as a reagent for viability assay; ×, unusable as a reagent for viability assay.

As a result of DET with six types of natural pigments, it was found that only MP could be used as
a reagent for viability assay. A characteristic of MP that is different from other natural pigments is
strong staining of intracellular proteins. The mechanism of staining with TB also results from binding
to intracellular proteins [14]. In the preceding papers on DET of Euglena and Paramecium, long-term
viability could be determined with anthocyanin pigments (purple sweet potato and red cabbage dye)
in addition to MP [28,34]. This was thought to be due to differences in cell structure. Therefore, it was
suggested that high affinity for the intracellular protein is a more suitable dye condition for DET.
3.2. Magnification of Observation and Staining of Dead Cells
Cell death of MCF-7 cells was induced by microwave exposure. After discarding the medium,
dead cells were treated with MP (1 or 5%) for 20 min, and then washed with PBS. Cells treated with no
pigment were used as the “control”. Cells on the bottom of the dish were observed with a bright-field
microscope (4× or 20× objective lens).
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From Figure 1, one can visually confirm the staining of the MW treated dead cell when observing
the 1% MP with a 4× objective lens. In the observation of 5% MP dead cells with a 4× objective lens,
even deeper staining was obtained, and it was found that in this concentration range, dead cells were
deeply stained in proportion to the MP concentration. In addition, observation with a 20× objective lens
enabled us to distinguish individual stained cells with higher visibility. However, with respect to living
cells, at a concentration of 0.6%, although the morphology of the cells did not change in 24 h, the results
showed that the cells deformed into spheres in 48 h (data not shown). By contrast, no morphological
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3.4. Immersion Time and Staining of Dead Cells
Cell death of MCF-7 cells was induced by microwave exposure. After discarding the medium,
dead cells were treated with MP (1 or 5%) for the indicated times, and then washed with PBS.
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MP stained
cellsfrom
when
20 detachment
µM cisplatin
wascells
present
in could
the live
cell
of
cell
adhesion
due
to
cleavage
of
β-catenin
because
β-catenin
forms
a
complex
with cadherin
when it was not (Figure 4). Living MCF-7 attached to the bottom of the dish, whereas
dead cells tended
involved in cell adhesion [37]. Regardless of the presence or absence of cisplatin, the “control”
to float away
from
it.
The
detachment
of
dead
cells
in
MCF-7
could
be
due
to
the
weakening
of cell
containing no pigment and the sample with 1% MP showed very few floating cells, and 5% MP
adhesion due to cleavage of β-catenin because β-catenin forms a complex with cadherin involved
in cell adhesion [37]. Regardless of the presence or absence of cisplatin, the “control” containing no
pigment and the sample with 1% MP showed very few floating cells, and 5% MP showed many cells.
Regarding cell staining, at 24 h and 48 h, 1% MP stained only floating cells, and 5% MP stained both
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Regarding
staining,of
at the
24 h presence
and 48 h, 1%
stained
floatingTherefore,
cells, and it was
cells on showed
the dishmany
andcells.
floating
cells, cell
regardless
or MP
absence
ofonly
cisplatin.
5% MP
bothnot
cells
on the dish
andpresence
floating cells,
regardlessfor
of the
presence
or absence
of
confirmed
thatstained
MP was
affected
by the
of cisplatin
48 h
and stably
functions
as a
cisplatin. Therefore, it was confirmed that MP was not affected by the presence of cisplatin for 48 h
reagent of viability assay. This is thought to be due to the fact that MP is less affected by metal ions
and stably functions as a reagent of viability assay. This is thought to be due to the fact that MP is
other than
copper [23], and the platinum complex cisplatin did not affect staining. High concentrations
less affected by metal ions other than copper [23], and the platinum complex cisplatin did not affect
of MP were
toxic
to MCF-7,
as almost
allwere
cellstoxic
were
with
5%all
MP,
in were
the presence
or absence
of
staining.
High
concentrations
of MP
to stained
MCF-7, as
almost
cells
stained with
5%
cisplatin.
From
the
previous
report [38],
the cellFrom
proliferation
of MCF-7
at MP
MP,
in the
presence
or absence
of cisplatin.
the previous
report [38],
the concentrations
cell proliferation of
of 0.001%,
MCF-7
at MP
concentrations
of 0.001%,
0.01%,
and 0.1% were
140%, and 0%, values
respectively.
Thehere are
0.01%, and
0.1%
were
100%, 140%,
and 0%,
respectively.
The100%,
cell proliferation
shown
cellthe
proliferation
shown When
here are1%
read
from
the report. When
and 5%
of the
read from
graphs invalues
the report.
and
5%the
of graphs
the MPinconcentration
in1%
Figure
4 are
converted
MP concentration in Figure 4 are converted into “pure MP concentration”, they are 0.05% and 0.25%,
into “pure MP concentration”, they are 0.05% and 0.25%, respectively. Therefore, the tendency about
respectively. Therefore, the tendency about the MP concentration and the health condition of the cell
the MP coincide.
concentration and the health condition of the cell coincide.

Figure
4. Staining
of cells
a mixed
solutionof
of MP
MP and
(a) (a)
Cells
on the
of dishes;
Figure 4.
Staining
of cells
in ainmixed
solution
andcisplatin.
cisplatin.
Cells
onbottom
the bottom
of dishes;
(b) Floating cells. All scale bars designate 100 μm.
(b) Floating cells. All scale bars designate 100 µm.

3.6. Confirmation of Noninvasiveness of Pigment
3.6. Confirmation
of Noninvasiveness of Pigment

The MCF-7 cells were treated with 0.4% MP or 0.1% TB for 47 h. (a) Cells on the bottom of the
dish and (b) floating cells from the medium were washed with PBS. Cells treated with no pigment
were used as the “control”. Cells were observed with a bright-field microscope (20× objective lens).
Due to the light red background, it looks as if the cells are not clearly stained, however, staining of
dead cells was sufficiently confirmed by visual observation with a microscope.
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dish and (b) floating cells from the medium were washed with PBS. Cells treated with no pigment
were used as the “control”. Cells were observed with a bright-field microscope (20× objective lens).
Due 5
toshows
the light
red background,
it looks asimage
if the cells
areliving
not clearly
staining
of
Figure
a bright-field
microscopic
of the
cells stained,
after 47however,
h at the MP
concentration
dead
cells
was
sufficiently
confirmed
by
visual
observation
with
a
microscope.
(0.4%) at which the viability assay can be performed. Almost all cells attached to the bottom of the
Figure 5 shows a bright-field microscopic image of the living cells after 47 h at the MP
dish were not stained by 0.4% MP. This was the same for 0.1% TB. The number of cells at 0.4% MP was
concentration (0.4%) at which the viability assay can be performed. Almost all cells attached to the
increased
against
the
“control”
no MP.
pigment,
while
thatfor
at 0.1%
0.1%TB.
TBThe
was
comparable
bottom
of the
dish
were not containing
stained by 0.4%
This was
the same
number
of cells to that
of the “control”.
The
number
of
floating
cells
was
almost
the
same
as
that
of
the
“control”
at 0.4% MP was increased against the “control” containing no pigment, while that at 0.1% TB wasfor both
comparable
that of the
“control”.
The
number of
floating
cellsof
was
almost cells
the same
as that
of thefor both
pigments,
and the to
number
was
small. In
addition,
the
staining
floating
is not
so clear
“control”
for both pigments,
number was
small.
In addition,
staining
of floating cells
is
pigments
as compared
with the and
cellsthe
attached
to the
bottom
of thethe
dish.
In particular,
the 0.4%
MP
not so clear for both pigments as compared with the cells attached to the bottom of the dish. In
floating cells did not appear to be stained, but this was due to the defocus, and it was confirmed that
particular, the 0.4% MP floating cells did not appear to be stained, but this was due to the defocus,
they could
be visually discriminated.
and it was confirmed that they could be visually discriminated.

Figure
5. Confirmation
of noninvasivenessof
of pigment
pigment (47
immersion).
(a) Cells
the on the
Figure 5.
Confirmation
of noninvasiveness
(47h hpigment
pigment
immersion).
(a)on
Cells
bottom of dishes; (b) Floating cells. All scale bars designate 100 μm.
bottom of dishes; (b) Floating cells. All scale bars designate 100 µm.

3.7. Immersion Time and Staining of Dead Cells
3.7. Immersion
Time and Staining of Dead Cells
The MCF-7 cells were treated with 0.4% MP or 0.1% TB for (a) 24 h or (b) 48 h. Then, the WST-8

The
MCF-7
were treated
with with
0.4%no
MP
or 0.1%
TB used
for (a)
or (b) 48 Samples
h. Then,were
the WST-8
assay
was cells
performed.
Cells treated
pigment
were
as 24
theh“control”.
assay was
performed.
Cells
treated
with
no
pigment
were
used
as
the
“control”.
Samples
measured for absorbance (450 nm) and the average value of “the absorbance ± standard error (n = 6)” were
measured
absorbance
(450 nm)
and the
average
value ofusing
“theaabsorbance
wasfor
calculated.
Differences
between
values
were analyzed
Tukey test (*±p standard
< 0.05 and error
** p < (n = 6)”
0.01).
The
results
of
the
Tukey
test
are
shown
in
Figure
6.
Although
no
significant
decrease
in
cell
was calculated. Differences between values were analyzed using a Tukey test (* p < 0.05 and **
p < 0.01).
number
was
observed
at
0.1%
TB,
the
absorbance
shows
significantly
lower
values
than
the
“control”
The results of the Tukey test are shown in Figure 6. Although no significant decrease in cell number
and 0.4% MP.
was observed at 0.1% TB, the absorbance shows significantly lower values than the “control” and
Since 0.4% MP was the upper limit concentration without cell morphological change, the toxicity
0.4% MP.
test was conducted only at this concentration. The WST-8 (2-(2-methoxy-4-nitrophenyl)-3-(4Since
0.4% MP was the upper limit concentration
without cell
nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium)
assay was performed
at 24morphological
h and 48 h afterchange,
pigmenttest
addition
the health
live this
cells inconcentration.
the dye solution (Figure
At both times,
the
the toxicity
wasto examine
conducted
onlyof at
The6). WST-8
(2-(2-methoxyabsorbance of 0.1% TB was significantly lower than the other samples, suggesting
decrease
in cell at 24
4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium)
assayawas
performed
number or a decrease in enzyme activity (Figure 6). Microscopic observation showed that the number
h and 48
h after pigment addition to examine the health of live cells in the dye solution (Figure 6).
of cells in 0.1% TB was comparable to that of the other samples (control, 0.4% MP), and that almost
At bothno
times,
the absorbance of 0.1% TB was significantly lower than the other samples, suggesting a
cells were stained, as shown in Figure 5. Therefore, on the one hand, the enzymatic activity is
decreaseconsidered
in cell number
or a decrease
in enzyme
activity
(Figure
observation
to be remarkably
suppressed
in the living
cells
of 0.1%6).
TB.Microscopic
On the other hand,
0.4% MPshowed
that theisnumber
of cells
in due
0.1%
was comparable
to the
that“control”.
of the other samples (control, 0.4% MP),
noninvasive
to cells
to TB
its higher
absorbance than
and that almost no cells were stained, as shown in Figure 5. Therefore, on the one hand, the enzymatic
activity is considered to be remarkably suppressed in the living cells of 0.1% TB. On the other hand,
0.4% MP is noninvasive to cells due to its higher absorbance than the “control”.
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4. Discussion
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using
types
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of MCF-7
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result
of DET
using
six six
types
of natural
pigments,
with
high
visibility.
A
unique
property
of
MP
is
that
it
has
a
high
affinity
for
intracellular
proteins.
high visibility. A unique property of MP is that it has a high affinity for intracellular proteins. Since MP
Since MP can be applied to DET even in Euglena and Paramecium, the abovementioned properties of
can be applied to DET even in Euglena and Paramecium, the abovementioned properties of MP were
MP were expected to be versatile in that they could target more cells of different species. The MP
expected to be versatile in that they could target more cells of different species. The MP concentrations
concentrations shown below are that of the commercial products and the concentration of pure MP
shown
below
areBythat
of thethe
commercial
products
and (pure
the concentration
of pure
MP
of that.
is 5%
of that.
adjusting
MP concentration
to 0.4%
MP concentration
0.02%),
all is
the5%
MW
By adjusting
the
MP
concentration
to
0.4%
(pure
MP
concentration
0.02%),
all
the
MW
treated
treated dead cells were stained within 10 min after the addition of the pigment, and long-term dead
cells viability
were stained
minrealized.
after the
of the pigment,
long-term viability
assay
assay within
over 48 10
h was
Ataddition
this concentration
there is and
no morphological
change of
the over
48 h was
At this concentration
there
is no morphological
of the Dead
cells and
inhibition
cells realized.
and no inhibition
of cell growth or
reduction
of NADH, so it ischange
noninvasive.
cellsno
became
more
intense
the visibility
increased
inis
proportion
to the Dead
concentration
of MP.more
In fact,intense
almost and
all the
of cell
growth
or and
reduction
of NADH,
so it
noninvasive.
cells became
cells
were
stained
at
1%
(Figures
1
and
4).
In
this
case,
long-term
noninvasive
DET
could
be
difficult
visibility increased in proportion to the concentration of MP. In fact, almost all cells were stained at 1%
because
change occurred
on theDET
second
day
0.6%, but
it would
have the
(Figures
1 andthe
4).morphological
In this case, long-term
noninvasive
could
be at
difficult
because
the morphological
advantages of higher safety and less environmental impact than conventional DET with TB.
change occurred on the second day at 0.6%, but it would have the advantages of higher safety and less
Furthermore, when the MP concentration is 0.4% and the TB concentration is 0.1%, the cost of MP is
environmental impact than conventional DET with TB. Furthermore, when the MP concentration is
estimated to be about 1/10 of TB, which is economical. As a similar method, a technique with
0.4%erythrosine
and the TBBconcentration
is 0.1%,
of MP
to be
about
1/10 of[39].
TB,This
which is
(EB, also known
as Redthe
No.cost
3) used
as isa estimated
food additive
was
developed
economical.
a similar
technique
with
(EB, also membranes
known as Red
No. 3)
synthetic As
colorant
is anmethod,
edible tara dye
that does
noterythrosine
pass throughB biological
and is
usedcompatible
as a food additive
was developed
[39].
This synthetic
colorantofisbeing
an edible
tar dye the
thatFDA
does not
with automatic
cell counters.
Because
EB was suspected
carcinogenic,
pass (Food
through
membranesbanned
and isthe
compatible
with
automatic
cell counters.
EB was
andbiological
Drug Administration)
use in food
(1990)
[40,41]. Although
the banBecause
on EB was
removed
afterwards,
most of the
EBFDA
in the(Food
USA has
replaced
with Allura banned
Red (alsothe
known
as food
suspected
of being
carcinogenic,
the
andbeen
Drug
Administration)
use in
Red
40). However,
Allura
in many
European
countries
because
it is
[42,43].
(1990)
[40,41].
Although
the Red
ban isonbanned
EB was
removed
afterwards,
most
of the
EBaninazo
thedye
USA
has been
Therefore,
it is difficult
to monitor
theas
noninvasive
viability assay
of aRed
synthetic
food colorant
a
replaced
with Allura
Red (also
known
Red 40). However,
Allura
is banned
in manyover
European
long period of time because of the concern regarding the influence on the human body. At a
countries because it is an azo dye [42,43]. Therefore, it is difficult to monitor the noninvasive viability
concentration of TB of 0.1%, no increase in dead cells was observed, but NADH activity was
assay of a synthetic food colorant over a long period of time because of the concern regarding the
significantly suppressed, indicating that a heavy load was imposed on the cells. Therefore, MP was
influence
on thetohuman
At aand
concentration
of TBTB.
of In
0.1%,
no increase
in dead
cells was
observed,
confirmed
be lessbody.
invasive
less costly than
addition,
even when
a metal
complex
but NADH
activity
was
significantly
suppressed,
indicating
that
a
heavy
load
was
imposed
on
the
anticancer agent such as cisplatin coexists, stable staining of dead cells is maintained. For example,
a cells.
Therefore,
was confirmed
to be less
and
less costly
than
TB. In addition,
even when a
furtherMP
practical
use of this technique
is invasive
expected in
cooperation
with
a technique
for distinguishing
cellsanticancer
from cancer
cellssuch
based
the difference
in stable
staining
properties
of edible
or
metalnormal
complex
agent
ason
cisplatin
coexists,
staining
of dead
cellsnatural
is maintained.
synthetic dyes
underpractical
a multiphoton
For example,
a further
use oflaser
thismicroscope
technique [44].
is expected in cooperation with a technique for

distinguishing normal cells from cancer cells based on the difference in staining properties of edible
5. Conclusions
natural or synthetic dyes under a multiphoton laser microscope [44].
As a result of DET using six kinds of natural pigments, only MP with high affinity for proteins

5. Conclusions
stably stained dead cells of MCF-7 with cisplatin. This property of MP is expected to be versatile in
that they can target more cells of various species. Dead cells stained more strongly in proportion to

As a result of DET using six kinds of natural pigments, only MP with high affinity for proteins
stably stained dead cells of MCF-7 with cisplatin. This property of MP is expected to be versatile
in that they can target more cells of various species. Dead cells stained more strongly in proportion
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to the concentration of MP, and visibility was increased, but morphological changes of cells were
observed. In this case, long-term non-invasive DET may be difficult, but it has the advantage of being
more safely, less environmentally impactive, and more economical than traditional DET using TB.
Therefore, if synthetic dyes for DET are replaced with a natural food pigment, the burden on the cells
in the viability assay in basic research such as drug discovery will be reduced, and it will be used as an
additive to the culture solution. These advantages are not seen with synthetic dyes.
6. Patents
Title, “Method and Kit for Cell Viability Assay”; patent application number, 2018-241789; date,
25 December 2018.
Supplementary Materials: The following are available online at http://www.mdpi.com/2079-7737/9/8/227/s1,
Figure S1: Confirmation of staining of dead cells, Figure S2: Confirmation of staining of dead cells.
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