1. Tiss. Cult. Meth. 15:37-42, 1993
© 1993 Tissue Culture Association
0271-8057/93 $01.50+0.00

A NEW, RAPID COLORIMETRIC ASSAY FOR QUANTITATIVE DETERMINATION
OF CELLULAR PROLIFERATION, GROWTH INHIBITION, AND VIABILITY
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SUMMARY: A sensitive spectrophotometric test has been developed to rapidly quantitate cell growth and viability on
monolayer cultures. The method consists of staining fixed cells with the supravital dye Janus green, extraction of the
dye from these cells with absolute alcohol, spectrophotometric measurement of the eluant, and referring optical
density (OD) readings to a previously established standard curve such that measurements can be expressed directly
as number of surviving cells. Staining of cells with the same colorant before fixation allows microscopical or
colorimetric quantitation or both of damaged cells still adherent to the substratum. Both steps can be conveniently
carried out on the same cell culture plate. More rapid and easier to perform than the usual cell counting or tritiated
thymidine assays, this technique may prove to be useful in evaluation of the effect of growth promoting substances,
growth inhibitors, or cytotoxic agents on monolayer cultures.
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INTRODUCTION

The principle of the method described herein is based
on the exiraction and photometric measurement of the
weak basic supravital dye Janus green {JG) from stained
cells after termination of experimental protocols, similar
to our JG/photometry technique originally designed for
isolated corneas (8). JG exhibits the same properties as
the widely used trypan blue, i.e. selective staining of dam-
aged cells, with the advantage of being easily extractable
with abselute ethanol. More rapid to perform than other
colorimetric assays {3,6,10,12) which assess the number
of surviving cells after incubation of specific reagents with
the culture medium, this test allows a) quantitation of the
total cell number per well (fixation of the cells before
staining to allow penetration of the dye in all cells}, and b)
cell viability assessment (direct staining with JG). The
procedure is a sensitive and rapid alternative to the
usually performed electronic or microscopic cell counting,
with subsequent evaluation of the percentage of damaged
cells, by counting cells after trypan blue staining. An addi-
tional advantage is the possibility to microscopically
screen cells for morphologic changes after JG staining,
Being of major scientific interest for our research, bovine
corneal endothelial cells (BCEC) were used to standardize
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the technique in 24-well culture plates with photometric
readings carried out using a conventional spectrophotome-
ter. Depending on the cell type employed, the method can
be adapted to 96-well microtiter plates, and automated
photometric measurements can be made with a multiwell
scanning spectrophotometer.

MATERIAL

. Equipment

Co, incubator, model B 50 60 EC CO,, Heraeus’
Centrifuge, Centra-3, IEC?

Microscope, inverted phase, Labovert Wild, Leitz3
Spectrophotometer Uvicon 930, Kontron*
Pipet-Aid, Drummond®

. Chemicals

Dulbecco’s modified Eagle’s medium (DMEM), no. 074-
01600 N, GIBCO®

L-Glutamine 200 mM (100X), no. 043 05030 HS

Fetal bovine serum, no. 011 062 90 H®

Gentamicin, no. 043 05112 D¢

Fungizone 250 pg/ul, no. 043 05209 DS

EDTA-Versene 1/5000, Eurobio’

Ethanol, no. 20.821.296, Prolabo®



38

1.

RIECK ET AL.

Sodium chloride, no. 27.810.2958

Potassium chloride, no. 26.764.298°

Calcium chloride, no. 22.319.2948

Potassium hydrogen phosphate, no. 26.926,2988
Sodium dihydrogen phosphate, no. 28.015.2948
Janus green, C.1. 11050, no. 1324, Merck®
Isotonic solution of sodium chloride, Meram!
Recombinant human basic fibroblast growth factor

(bFGF), Farmitalial!

0

. Supplies

Disposable transfer pipettes, 1, 10 ml sterile, Falcon no.
4-7551-1; 4-7551-3, Becton Dickinson'?

Peiri dishes 100 X 20 mm, sterile, Falcon no. 30052

24-Well cell culture cluster dish, flat bottomed, sterile,
no. 3524, Costar'®

Pasteur pipettes, borosilicate glass 5.75 in., Comptoir de
Verrerie'®

Variable pipettor, 10 to 1000 gl, Gilson'®

Disposable pipette tips, Polylabo'®

Filters Sterivex-GS (0,22 pm) no, SVG S0 1015

w Star LB® (0,22 um) no. 81101

Conical plastic centrifugation tubes, 50 ml, sterile, Falcon
ne, 20952

Microtubes, 1,5 ml, no. 3810, Eppendorft’

Hemacytometer, Malassez, Schreck'®

PROCEDURE

. Preparation of solutions

1. Culture medium
a. Prepare basal medium according to manufac-
turer’s instruction using double glass distilled
waler,
b. For complete medium add fetal bovine serum to
10% by volume.
c. Add 0.1 ml Gentamycin, 0.1 ml Fungizone, and 1
ml Glutamine per 100 ml medium.
d. Filter sterilize and store at 4° Cin 150-ml aliquots.
2. Phosphate buffered saline
In 1 liter of double glass distilled water dissolve the
chemicals:
8 g NaCl
0.2 g K4
1.15 g Na,HPO,, 2H,0
0.2 g KH,PO,
Adjust pH to 7.2.
. Sterilize by filtering through a 0.22-pm filter.
3. Trypsin solution
a. In 250 ml EDTA Versene 1/5000 dissolve 100
mi trypsin 2.5%.
b. Filter sterilize through uStar LBTM.
¢. Store in 20-ml aliquots at —20° C,
4. Janus green
a. To 100 ml isotonic sodium chloride solution add
100 mg JG.
b. Filter and store at room temperature.
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B. Plating

Use stock cultures of bovine corneal endothelial cells.

a. Aspirate medium and rinse with 2 ml trypsin.

b. Add 2 ml trypsin and transfer to CO, incubator for
2 min.

¢. Examine under microscope; ensure that all cells
are detached.

d. Transfer cells into sterile centrifugation tube and
add 4 ml of medium.

e. Pellet cells by centrifugation at 200 Xg for 5 min.

f. Aspirate supernatant and add 2 ml medium.

g. Disperse cells carefully and count with hemacytom-
eter.

h. Seed cells in desired quantity in 500 ul medium/
well.

C. Serial plating

1. Standard curve
a, Seed cells in 24-well tissue culture plates at 3
X 10%, 5 X 10 10% 2 X 10% and 3 X 10*
cells/well in 500 ul medium/well and add 1 ng of
bEFGF /ml medium; six replicates of each cell den-
sity should be plated every day to observe (Day 2 to
Day 6).
b. Transfer to CO, incubator.
¢. Change medium on Day 2 and Day 4.
d. Count cells in hemacytometer after trypsinizing in
200 ul trypsin and 300 ul of medium.
2. Toxicity test
a. Seed 2 X 10* cells/well in 500 gl medium/well in
a 24-well tissue culture plate and add 1 ng bFGF
per well.
b. Cells are confluent after 72 h in culture.
¢. Change medium and add agents in different con-
centrations (in general, over 3 to 4 logs) in tripli-
cate, randomly distributed on the culture plate.
Preview parallel control cultures (no test agents
added) in quadruplicate.
d. Incubate for 24 h (or other time period desired).
3. Bioassay
a. Seed 5 X 103 cells/well in 500 g of medium /well
in a 24-well tissue culture plate.
b. Add different dilutions of ageni(s) for 24 h or any
desired time interval; include control cultures in
quadruplicate randomly located on the plate.

D. Colorimetric assay

1. Quantitation of total cell number per well

a. Aspirate medium and rinse with 500 ul phosphate
buffered saline (PBS).

b. Add 200 ul of absolute ethanol for 90 s.

¢. Aspirate ethanol; ensure that the remaining alcohol
is completely evaporated before adding 200 pl JG
for 1 min.

d. Aspirate the colorant and rinse 3 times with 500 ul
PBS.

e. Transfer culture plate to the microscope and ob-
serve homogeneity of staining intensity.

f. Adding 800 ul of absolute ethanol results in com-
plete éxtraction of JG from the cells.
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g. Transfer the solution from each well to 1.5 ml mi-
crotubes and seal carefully to avoid evaporation.

h. Optical density (OD) is measured at 654 nm. The
complete procedure: staining with JG, washing, ex-
traction is repeated on two empty wells (containing
no cells), the eluant of these wells serve as blanks.

2. Selective staining of damaged cells (optional)

a. Instead of fixing the cells with absolute ethanol,
add the colorant directly after rinsing with PBS.

b. Aspirate the colorant and rinse 3 times with 500 ul
PBS.

¢. Transfer culiure plate to the microscope, and
screen stained cells for morphologic alterations
and staining intensity.

d. If the staining intensity corresponds to that of cells
after ethanol treatment, perform the following
steps as described in 1. f~h.

e. In case of unequal staining intensity, count stained
cells in 10 randomly chosen areas representing
e.g., 0.03 mm? each. Refer counts to total well
surface.

3. Interpretation of resulis
a. Toxicity test or bivassay: light microscopy
A scoring system might be established to grade
morphologic changes of stained cells. Counted
number of damaged cells can be expressed as per-
centage of total cell number determined by photom-
etry.

b. Toxicity test: photometry

Results may be expressed as JG-50g, Le. the
concentration of a test agent {loxic substance or
growth inhibitor) causing 50% Reduction in OD.

c. Bioassay: photometry

Accordingly, JG-50; could represent the con-
centration of a growth stimulating agent increasing
the OD by 50%. For both toxicity testing and
bioassays, results may also be expressed in cell
number by directly referring the OD values to the
standard curve. OD readings of elutions from dam-
aged cells can be expressed in percent of the corre-
sponding OD values for total cell number.

1V. DISCUSSION

Biomedical research and toxicology studies increas-
ingly require inexpensive and sensitive in vitro methods
for rapid quantitation of the effect of pharmacenticals or
cytotoxic agents on cellular growth and viability. The most
widely used electronic cell counting or tritiated thymidine
assays, however, do not match this demand because they
are time and labor expensive, especially when large num-
bers of test agents are to be screened. In an attempt to
replace the subjective and time-consuming counting of
altered or dead cells under a microscope, the JG photome-
try technique was originally developed to rapidly quanti-
tate cell damage of the endothelium of isolated corneas, in
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1. Janus green standard curve established for BCEC. Cells were

seeded in 24-well culture plates at different concentrations ranging from 3
X 10% to 3 X 10* cells/well, 6 wells/concentration. Ceils in each initial
concentration range were allowed to grow for 2, 3, 4, 5, and 6 days. Ateach
respective time-point, cells were fixed, stained with 200 ul Janus green,
extracted with absolute ethanol, and subsequent spectrophotometry of the
eluant was performed as described in Procedure. Plot symbols and error
bars represent mean & SD. A linear regression curve fit reveals a coefficient
of correlation {r?) = 0.99.

an aitempt to reduce animal experimentation (8). The high
reliability of this easy test, proven in various experimental
protocols (2,7,13,14), has led us to adapt the method to
cell culture.

Janus green (molecular weight 511) is a water soluble,
weakly cationic dye that selectively stains damaged cells
blue. JG gives intensive staining of the nuclei with light
staining of the cytoplasm. Morphologic screening is facili-
tated by the clear outlining of cells stained by JG (Fig. 1).
Double staining experiments with trypan blue and JG have
shown that JG stains exactly the same cells as does trypan
blue (8). The exact mechanism of JG staining is unknown,
but it is most likely that altered membrane integrity allows
intracellular penetration of the dye, a model that has also
been proposed for trypan blue. However, unlike trypan
blue, JG is cationic and probably interacts with anionic
intracellular organelle membranes, possibly those of the
nuclei and mitochondria, through electrostatic and hydro-
phobic interactions (Hillebrandt D. and Bayer A. G., per-
sonal communication). These interactions can easily be
disrupted by aleohol, thus allowing the extraction of the
dye from tissue or cells in culture.

Beside the rapid quantitative evaluation of total cell
number, JG staining before fixation additionally enables
visualization and counting of the proportion of damaged
cells, a procedure similar io the conventional staining with
trypan blue to assess cellular viability. If the staining in-
tensity of stained damaged cells corresponds to that of
cells after ethanol treatment, a percentage of damaged
cells might also be assessed by colorimetry. Determina-
tion of the percentage of damaged cells might not always
be necessary, depending on the experimental protocol.
However, this step can prove to be useful to screen the
overall viability of the cells before incubation with test
agents, or to help distinguish between cytotoxic drugs and
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FiG. 2. Growth curves of BCEC as a function of time. Five thousand
cells per well were seeded in 24-well culture plates and cells were grown for
2, 4, and 6 days. Total cell number and number of nonviable cells were
determined on separate wells, respectively, employing the JG assay as de-
scribed in Procedure. Each bar represents the mean optical density value of
three wells + SE.

growth-inhibiting substances by establishing damaged and
surviving cell ratios (Fig. 2).

The major advantage of the technique, however, seems
to us 1o be its simplicity, reliability, and rapidity. Even the
nonautomated procedure described above has shown to
be considerably quicker than conventional counting of
cells in a Coulter counter or hemacytometer. Automatic
reading of 96-well microtiter culture plates would further
accelerate the screening of large series of experimental
studies. The extracted stain does not deteriorate when
stored for a long time; thus, measurements can be carried
out at any time.

Other colorimetric assays have been introduced as al-
ternatives to cell counting. Different from the JG tech-
nique, these tests are based on the determination of viable
cells, either by direct staining or by enzymatic conversion
of colorimetric reagents. Several of these tests, namely the
MTT (12), hexosaminidase {19}, and neutral red (3) as-
says have shown promise in cytotoxicity tests or prolifera-
tion assays. However, all methods have potential lim-
itations, e.g., the MTT reagent and neutral red reveal
cytotoxic effects after prolonged incubation (4,9). Further-
more, MTT tends to dislodge cells from their substratum
(15). Both MTT and hexosaminidase may be induced or
inhibited by test agents or simply by fetal bovine serum in
the culture medium, leading to over- or underestimated
OD readings (1,4). For MTT and neutral red assays, lim-
ited sensitivity has sometimes been encountered in certain
cell lines (5). The mentioned disadvantages of these tests
can be obviated by using the methylene blue uptake assay,
another sensitive colorimetric test (6,11). Unfortunately,
due to its anionic properties, methylene blue binds firmly
to the cells and can be extracted only by prolonged disso-
lution in, for example, 0.1 N HCI. An important contribu-
tion to simplicity and rapidity in this context seems to be
that the immediate and complete extraction of JG can be
done by washing out the dye in absolute alcohol.
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Eventual toxic effects of JG to cells represent no tech-
nical constraint due to the short incubation time of the
dye. Potentiation or suppression of JG staining by test
agents is excluded because drugs are not incubated with
the colorant. However, some compounds may induce an
increase or decrease in the number of mitochondria per
cell, thus resulting in increased or reduced staining inten-
sities. Microscopical checks of the stained cultures should
be performed routinely to detect this potential source of
error,

Beside corneal endothelial cells, the JG assay has been
shown to be reproducible on retinal pigment epithelial
cells (RPE), epithelial cells, and keratocytes of the cornea,
lens epithelial cells, as well as 3T3 cells (Rieck P., Beau
1., unpublished observations). Although other cell lines
remain to be tested, the JG technique already has proven
its usefulness. Further applications may confirm its worth
in many other conceivable experimental settings.
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