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Abstract

 The inter-laboratory validation study on 5 cytotoxicity assays conducted by
JSAAE has been described in the preceding articles. Presented here are precise data
and the protocols for the crystal violet staining (CV) assay with two cell lines, namely,
HeLa S3 (SC) which is common to the other 4 assays, and CHL which has been
utilized widely in this assay. Hand-plotted dose-response curves revealed informa-
tion that enables us to easily detect abnormal data files. Characteristics of data files
from 14 laboratories were visualized in a Figure together with all the log(ED50)
values. Very low OD590 values were found in negative controls of submitted data,
suggesting the need to carefully examine whether the results of the assay fell within
the linear dose-response range or not. High inter-laboratory reproducibility, there-
fore low inter-laboratory variation, was observed with both cell lines in the CV
assay. Any influence of cell lines was not apparent in the tested chemicals except for
cetylpyridinium chloride monohydrate. Results will supplement our understanding
on the CV assay carried out in the large-scale inter-laboratory validation.
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Introduction

As described in the previous report (Ohno, T.
et al., 1995) and the preceding Validation Ar-
ticle I (see the first article in this issue, Ohno, T.
et al., 1997), the Japanese Society of Alterna-
tives to Animal Experiments (JSAAE) organized
a first step inter-laboratory validation study on 5
cytotoxicity assays in October 1992, since a bat-
tery of appropriate  cytotoxicity assays is ex-
pected to be the core alternative to the in vivo
Draize test in the near future. The crystal violet
staining (CV) assay was developed by Saotome
et al. (Saotome et al., 1989) for evaluating the
cytotoxicity of chemicals such as drugs for in-
jection. Itagaki et al. (1991) reported that the
method was applicable in the prediction of eye
irritancy of surfactants. Two of the advantages
of the CV staining method over other cytotoxic-
ity tests are that, after the staining, the morpho-
logical changes in fixed cells are observable any

time by microscopy and the tested microplates
can be stored long-term for reference purposes.
The CV staining assay has also been validated
as one of the candidate alternatives to the Draize
eye irritation test in another validation program
in Japan (Ohno, Y., et al., 1995; Itagaki et al.,
1995; Kojima et al., 1995). This report supple-
ments Validation Article I in this issue. We de-
scribe here precise results of the CV assay car-
ried out in the validation study, including the pro-
tocols, representative hand-plotted dose-re-
sponse curves, extra-ordinal data files, ED50 val-
ues on each accepted data file, and discussions.

Materials and Methods

Chemicals and Cell Lines

The six chemicals tested and their allocation
to 7 coded samples was described in the preced-
ing paper (see Validation Article I). They were
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Tween 20 (#1, non-irritant), Tween 80 (#2, non-
irritant), sucrose fatty acid ester (#3, irritant), pro-
pylene glycol (#4, non-irritant), cetylpyridinium
chloride monohydrate (#5, severe irritant), so-
dium lauryl sulfate (#6, moderate irritant) and
Tween 20 (#7, equal to #1, an intrinsic masked
reference chemical). The symbol # and numbers
in parentheses are double-mask codes given by
the Chemical Bank and the Working Group to
these chemicals before their transfer to each labo-
ratory. The two samples (#1 and #7) were the
same chemical and were supplied to determine
intra-laboratory variation of the final data.

HeLa S3 (SC) cells from human cervix car-
cinoma and CHL cells from Chinese hamster
lung fibroblasts were used in the present CV as-
say. Both cell lines were provided as live cul-
tures from RIKEN Cell Bank, Tsukuba.

Data analysis

The submitted data files were first inspected
manually to detect simple recording errors, and
then the hand-plotted dose-response curves
drawn on mean values at each chemical concen-
tration were checked visually. The ED50 values
of possibly acceptable candidate data files (see
Validation Article I in this issue, Table 3 and 5)
were analyzed by computer-assisted LAP-
JSAAE program (see Validation Article II in this
issue) which is based on calculation of dose-re-
sponse by the non-linear least squares method.
Finally, general statistical analyses were applied
to the calculated data.

Protocol of the CV assay

1. Materials
1-1. Cultures
(1) Culture medium

Eagle’s minimum essential medium (MEM,
autoclavable, containing 1.8 mg/ml of
NaHCO

3
, pH 7.3 - 7.6) containing 10%(v/v)

calf serum (CS) was used for both HeLa S3
(SC) and CHL cell lines.

(2) Subculture
Both cell lines used for the assay were in log
phase. Subculture was performed with the dis-

sociation medium (see below). After disso-
ciation of the cells, 2x105 cells were seeded
into a 60-mm dish containing 5 ml of culture
medium. Both cell lines were subcultured
every 3 - 4 days.

 1-2. Reagents
(1) PBS(-): Ca++, Mg++-free Dulbecco's phos-

phate-buffered saline
(2) Dissociation medium: 0.05% trypsin and

0.02% EDTA dissolved in PBS(-)
(3) Neutralization medium: For both cell lines,

the culture medium was used.
(4) Crystal violet solution: 0.4% crystal violet

in methanol
(5) Glutaraldehyde solution: 25% glutaraldehyde

in distilled water

2. Test chemical preparation
Test chemicals were dissolved in culture me-

dium, sterilized by membrane filtration, and then
serially diluted with the culture medium. Since
the optimum concentration range was different
for each chemical, the practically attainable
maximum concentration was first set up followed
by several 10-fold serial dilutions; the assay was
then carried out with a wide dose range span-
ning approximately 5-6 orders of magnitude.
From the results of this preliminary test, the
maximal concentration (the lowest concentration
possible to kill 100% of the cells) was set and
which was 2-fold serially diluted. The span of 2
to 3 orders of magnitude of the test concentra-
tion range was covered by this serial dilution.
Finally the assay was repeated to be able to ob-
tain more than 3 points of cytotoxic effect be-
tween 20-80% of the maximum cytotoxicity. For
the serial 2-fold dilution,
(1) The culture medium mentioned above (100

µl) was poured into each well of a 96-well
microplate.

(2) One hundred µl of a test chemical dissolved
in culture medium was added into the first
well.

(3) Serial two-fold dilution was performed di-
rectly on the plate by transferring 100 µl of
the mixed solution from the first well to the
second, from the second to the third, and so
on. Finally, 100 µl of the mixed solution was



– 90 –

Validation Article V. CV assay

discarded from the last well to maintain the
same total volume as in the other wells.

3. Procedure for the CV staining assay
3-1. Cell seeding and treatment
(1) Cells at approximately 80% confluence were

selected, i. e., logarithmically growing cells.
Both cell lines were trypsinized in the
preculture bottles before adding to the 96-well
microplate.  After trypsinization, 10 ml of cell
suspensions containing 1x105 HeLa S3 (SC)
cells/ml and 4x104 CHL cells/ml were pre-
pared. A 100 µl aliquot of cell suspension was
gently introduced into each well.

(2) The plates were kept undisturbed for 20 min
to allow the cells to settle onto the bottom of
the wells.

(3) They were then cultured in a CO
2
 (5% in air)

incubator for 3 days.
3-2. Crystal violet staining
(1) The cells were fixed for 10 min by adding 25

µl of 25% glutaraldehyde to each well.
(2) Culture medium containing the fixative so-

lution was discarded and the plates were
washed with tap water. The test plates were
placed upside down on paper towels to ab-
sorb the remaining drops of water.

(3) One hundred µl of 0.4% crystal violet solu-
tion was added to each well of the plates, and
the attached cells were stained for 30 min.

(4) The staining solution was discarded and the
plates were washed with tap water.

(5) The test plates were placed upside down on
paper towels to absorb any remaining water.
When the plates were dry, the absorbance at
590 nm was measured by an automatic
microplate reader.

3-3 Worksheet for data collection
A sample of a worksheet (Fig. 1) for data col-

lection was shown to each laboratory. However
each laboratory was allowed to make their own
style of the worksheet with fixed positions for
raw data recording. These worksheets were
formed on personal computer softwares. All the
worksheets were once transferred to MS-DOS
text files and incorporated to the software Excel
version 4.0, and then the data were recalculated.

4. Calculation of cytotoxicity

                                        (a-b)
    Cytotoxicity  (%)  = –––––– x 100
                                        (c-b)
where a is OD590 values derived from wells

treated with test samples,
b is mean OD590 value derived from blank

wells,
c is mean OD590 value derived from control

wells (i.e., added culture medium as a test
sample).

  An observed point in an assay was defined
as an average of cytotoxicity derived from
replicate determinations for a concentration
of a chemical.

Results and Discussion

Quality of raw data

To understand the characteristics of the raw
data and resulting dose-response curves in all
submitted data files, The Working Group pre-
pared hand-plotted dose-response curves* based
on the mean values at each chemical concentra-
tion. At this preliminary step of raw data han-
dling, we found that Lab-24 had carried out the
CV assay with only one plate for both cell lines.
This is a severe violation of the common rule
[3] as described in Validation Article I, which
states that data should be collected from mul-
tiple and independently tested 96-well plates.
Lab-35 carried out the test with the culture me-
dium DMEM and not MEM, also a violation of
the protocol. From these two laboratories, 28 data
files (14 files for each laboratory) were not ac-
cepted for further analyses (see Validation Ar-
ticle I, Table 3).

Fig. 2 illustrates two examples of the hand-
plotted dose-response curves. Titles on each fig-
ure indicate the cell line used, and the code num-
ber of the tested chemical. Dose-response curves
of similar patterns were obtained from almost
all laboratories. Some of these plots provided
unexpected information which was difficult to

* Copies of all the hand-plotted dose-response curves are
available on request.
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assume from calculated ED50 values and accom-
panying outputs from the logistic analysis pro-
gram, LAP-JSAAE. As shown in Fig. 2a, Lab-2
did not observe a dose-response curve crossing

over the 50% viability line for chemical #3 as-
sayed with HeLa S3 (SC) cells. Since a similar
dose-response curve for chemical #3 assayed
with CHL cells in Lab-2 was submitted, it was

Fig. 1.  A sample of a worksheet for data collection of the CV assay
Note that each laboratory was allowed to make its own style of worksheet with fixed positions

for raw data recording. These worksheets were formed on personal computer softwares. All the
worksheets were first transferred to MS-DOS text files and incorporated to the software Excel
version 4.0, and then recalculated.
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Fig. 2.  Examples of the hand-plotted dose-response curves of CV assays at the time of
submission of data files.

Hand-plotted dose-response curves were drawn to understand gross characteristics of
data files at their submission to The Working Group. a (this page), CV assays with HeLa
S3 (SC) cells and chemical #3 (sucrose fatty acid ester). b (next page), CV assays with
CHL cells and chemical #4 (propylene glycol). Each point indicates the mean of viability
for an observed concentration in an assay. The number in an open symbol indicates a
laboratory number.
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Fig. 3.  Log(ED50) values and visualized characteristics of submitted data files.
Open boxes are the files finally accepted for comparison of inter-laboratory variation of log(ED50)
values without any difficulty in obtaining ED50 values. Asterisks indicate that the log(ED50) value
became an outlier in the box-whisker plot analysis shown in Fig. 4.
No data file was submitted.

A data file(s) was submitted but not useful because of severe violation of the protocol.

A check code was found in data files of chemical #1 or #7; then all corresponding data file sets were
discarded.
A check code was found in data files of chemical #2, #3, #4, #5, or #6.

Definition of error codes are;
Code-A : Calculation of an ED50 value failed because of wide variation of data.
Code-C : No observed point was found in the data file between 20-80% of the maximum effect.
Code-D : Data include response of 200% or more where that of negative controls was set at 100%.
Code-F : RMS is 10 or more. RMS indicates the degree of deviation of the observed dose-response relationship

from the logistic model. See details in Validation Article II in this issue.
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inferred that the preparation of the test solution
of chemical #3 was inappropriate. Lab-2 and
Lab-35 were not able to obtain dose-response
curves crossing over the 50% viability line for
chemical #4 with CHL cells (shown in Fig. 2b
as the lines with open-circle and open-triangle
points). Moreover, an extraordinal observation
was observed by Lab-2 at the high concentra-
tion, 50%(v/v), of chemical #4  (in Fig. 2b, at
the right-side end of the line with open-square
points).

The dose-response curve from the data file
of Lab-44 for chemical #4 (Fig. 2b) stood out
from the rest. The ED50 value derived from this
data file would be higher than that from other
laboratories. The same tendency of ED50 val-
ues from this laboratory was observed with other
chemicals assayed with each cell line. Since Lab-
44 immediately recognized this as due to simple
miswriting of chemical concentrations, they were
allowed to amend their raw data to reflect con-
centrations of one fourth of what they initially
submitted to the Working Group.

Characteristics of submitted data files and
log(ED50) values

The Working Group excluded extra-ordinal
data according to the flow chart of data process-
ing as previously described (Fig. 1 of Validation
Article I). Fig. 3 illustrates the characteristics of
data files after this task. Log(ED50) values were
calculated from the accepted data files using the
program of LAP-JSAAE.

Sixteen laboratories participated initially in
the CV assay, but two of them, Lab-4 and Lab-
47, did not submit any data. Lab-45 lacked the
data file on chemical #3 tested with CHL cells.
Because of the violation of protocols, the data
files from both Lab-24 and Lab-35 were ex-
cluded from analysis. Considering these exclu-
sions, the submitted data files on tests with HeLa
S3 (SC) cells and CHL cells totaled 98 files and
97 files, respectively, giving assay run perfor-
mance rates of 88% and 87%, respectively (see
Validation Article I, Table 3).

The capital letters in the shaded boxes are er-
ror codes defined in the LAP-JSAAE program

for calculation of ED50 values. For example, the
data file submitted by Lab-2 for chemical #2
tested with HeLa S3 (SC) cells was marked with
check code D, because it was not possible to
calculate ED50 by LAP-JSAAE program due to
large variation of the raw data. The data files
from Lab-2 with HeLa S3 (SC) cells were also
marked with check code C and A; the data file
submitted by Lab-45 for chemical #2 tested with
CHL cells was marked with check code F (see
the legend of Fig. 3 for difinitions of the check
codes).

Since the check code A appeared in the data
file for chemical #7 from Lab-2 assayed with
HeLa S3 (SC) cells, the intra-laboratory varia-
tion can not be calculated from the data files of
chemicals #1 - #7  (see Validation Article I, Fig.
1). Thus, the data file set on chemicals #1 - #7
from Lab-2 assayed with HeLa S3 (SC) cells was
rejected. Together, 75 files for HeLa S3 (SC) cells
and 78 files for CHL cells were finally accepted
for further box-whisker-plot analysis (Fig. 4).
The performance rates for HeLa S3 (SC) cells
and CHL cells were 67% and 70%, respectively
(see Validation Article I, Table 3).

Technical stability of the CV assay in partici-
pating laboratories

Among the 16 laboratories that participated
initially, only 7 received the technology transfer
(see Validation Article I, Table 2). In one of these
laboratories, the recipient did not conduct the CV
assay but instead a technician did the work.
Seven laboratories (Lab-5, -16, -17, -20, -24, -
26 and -28) did not receive the technology trans-
fer but performed the assay. Lab-4 and Lab-47
did receive the technology transfer but did not
submit any data.

To determine technical stability of the CV as-
say within a laboratory, the variation in the nega-
tive controls was calculated on each assay and
on each plate in an assay (Table 1). With HeLa
S3 (SC) cells, Lab-6 was found to have carried
out the assays with the largest variation for nega-
tive controls. The coefficient of variation (see
CV-1 in Table 1) was 48.0% in the 4 assays for 7
chemicals with an average OD590 value of
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Table 1. Variation of the negative controls in CV assays

Lab.
No.          HeLa S3 (SC) cells                                       CHL cells

         Assays  OD590a  SDb     CV-1c   CV-2d     Assays   OD590     SD      CV-1   CV-2
    (%)       (%)                                                   (%)      (%)

  2 3 0.190 0.035 18.4 18.4
  5 7 0.397 0.029   7.2 16.5 7 0.264 0.037 13.9 14.7
  6 4 0.404 0.194 48.0   6.7 3 0.409 0.087 21.3   7.7
16 7 0.279 0.100 35.8 20.9 7 0.409 0.049 12.0 12.8
17 3 0.542 0.082 15.1   5.3 3 0.457 0.043   9.5   4.8
20 6 0.388 0.082 21.1   9.8 7 0.495 0.041   8.2 10.6
26 3 0.270 0.053 19.4   2.8 2 0.182 0.047 25.7   5.5
28 6 0.537 0.019   3.5 10.1 6 0.270 0.025   9.3 12.8
31 7 0.280 0.043 15.5   4.4 7 0.379 0.048 12.8   4.1
44 4 0.241 0.023   9.8   3.4 4 0.152 0.007   4.6   8.1
45 4 0.731 0.103 14.1   8.7 3 0.592 0.030   5.0 11.9
46 5 0.916 0.310 33.9   7.2 5 0.670 0.065   9.7   8.0
______________________________________________________________________

Mean 0.453 0.213 Mean 0.389 0.163

a   Mean OD590 of the negative controls in the assays
b   Standard deviation
c   Coefficient of variation among independent assays calculated from the mean negative control

value of each assay
d   Coefficient of variation among the negative control wells within an assay: Mean of the assays

Table 2. Intra-laboratory variation of the negative controls in CV assays with
HeLa S3 (SC) cells carried out in Lab-6.

a   Mean OD590 of the negative controls in each assay
b   Standard deviation
c   Coefficient of variation (%) among the negative control wells (a well/plate) within an assay (3

plates/assay)
d   Calculated from the 4 assays
e   Coefficient of variation (%) among 4 independent assays calculated from the mean negative

control value of each assay

                                                       OD590

Assay for
Chemical       Plate-1      Plate-2     Plate-3      Meana       SDb         CV-2c

#1, 7 0.602 0.557 0.597 0.585 0.025 4.2 %
# 2 0.465 0.419 0.495 0.460 0.038 8.3
# 3, 4, 6 0.485 0.419 0.422 0.442 0.037 8.4
# 5 0.121 0.130 0.136 0.129 0.008 5.9

                                                          Meand 0.404 6.7 %
                                                          SDd 0.194
                                                          CV-1e 48.0 %



– 97 –

Fig. 4.  Box-whisker-plots of results of the CV assays
Asterisks indicate outliers of the corresponding box-whisker-plots.
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0.404, with OD590 values of their negative con-
trols that fluctuated from 0.121 to 0.602 (Table
2). However, when observed in an assay, the
coefficient of variation for each plate resulted in
a low average of 6.7% (see CV-2 in Table 1).
This tendency, i.e., the larger variation among
assays and the smaller variation among the plates
in an assay, was observed in OD590 values of
the negative controls of Lab-6, -17, -26, -31, -
44, and -46 but not in those of Lab-5 and -28.
The variations of the negative controls of Lab-
16, -20, and -45 showed unstable tendency in
the assays with HeLa S3 (SC) cells and with CHL
cells.

The mean and median OD590 values for all
participants were 0.453 and 0.397, respectively.
In the CV assay with CHL cells, the coefficient
of variation (see CV-1 in Table 1) for each labo-
ratory was smaller than that with HeLa S3 (SC)
cells in 8 laboratories, but  vice versa in 3 labo-
ratories.

Box-whisker-plots

As shown in Fig. 4, no essential difference
was observed in the median values of cytotox-
icities of chemicals tested with HeLa S3 (SC)
cells and CHL cells in the CV assay, except for
the severe irritant, chemical #5 (cetylpyridinium
chloride monohydrate). HeLa S3 (SC) cells were
approximately 10 times more sensitive to chemi-
cal #5 than CHL cells.

Compared to other assays, the sizes of the
boxes, i.e., hinge-spreads, for this assay were
relatively smaller. Their mean hinge-spread was
0.22 with CHL cells and 0.24 with HeLa S3 (SC)
cells (see Validation Article I, Table 7). These
results suggest that inter-laboratory reproducibil-
ity of data is very high with both cell lines in the
CV assay, and that the influence of cell lines used
would be hardly observed. As has also been
shown in the same table, the CV assay with HeLa
S3 (SC) cells showed the second best "power
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for distinction" (PFD)  of 20.4.

Conclusion

We evaluated the cytotoxicity assays from
various view points such as the performance rate,
inter-laboratory variation of data and the “power
for distinction” of chemical cytotoxicity, simplic-
ity of the method, time and labor needed for the
assay (see Validation Article I). On the basis of
the results,  we consider the CV assay as the most
practical and recommendable assay to become
part of alternatives to the in vivo  Draize test.
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