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Abstract

  The inter-laboratory validation study on 5 cytotoxicity assays by JSAAE has
been described in the preceding articles in this issue. Presented here are precise data
and the protocols on the neutral red uptake (NR) assay with two cell lines, namely,
HeLa S3 (SC) cells which are employed also in the other 4 assays, and the serum-
free cultured NRCE cells. Hand-plotted dose-response curves provided unexpected
information otherwise difficult to assume from calculated ED50 values and accom-
panying outputs from the logistic analysis program, LAP-JSAAE. The characteris-
tics of data files from 24 laboratories were examined together with all the log(ED50)
values. Variations in the negative controls in the assays revealed the level of techni-
cal competence of each laboratory. These results will supplement our understanding
on the NR assay carried out in the large-scale inter-laboratory validation.
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Introduction

As has been described in the preceding pa-
pers (see Validation Article I in this issue), the
Japanese Society of Alternatives to Animal Ex-
periments (JSAAE) organized a first step inter-
laboratory validation study on 5 cytotoxicity as-

says in October 1992, since a battery of appro-
priate cytotoxicity assays is expected to be the
core alternative to the in vivo Draize test (Ohno,
T., et al., 1995).

The neutral red uptake (NR) assay measures
cell viability after 48-hr incubation of cells with
test chemicals, resulting in measurement of sub-
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stantial cellular growth inhibition by chemical
treatment (Borenfreund and Puerner, 1985). This
report supplements Validation Article I (the first
article in this issue). We describe here precise
results of the NR assay conducted in the valida-
tion study, including the protocols, representa-
tive hand-plotted dose-response curves,
extraordinal data files, ED50 values on each ac-
cepted data files, and discussions.

Materials and Methods

Chemicals and Cell Lines

The six chemicals tested and their allocation
to 7 coded samples were described in the pre-
ceding paper (see Validation Article I). They were
Tween 20 (#1, non-irritant), Tween 80 (#2, non-
irritant), sucrose fatty acid ester (#3, irritant),
propylene glycol (#4, non-irritant), cetylpyri-
dinium chloride monohydrate (#5, severe irri-
tant), sodium lauryl sulfate (#6, moderate irri-
tant) 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 laboratory. The two samples (#1 and #7)
were the same chemical and were supplied to
determine intra-laboratory variation of the final
data.

The HeLa S3 (SC) cell line, used in the other
assays in the present validation study, together
with serum-free primary- cultured rabbit corneal
NRCE cells were used in this NR assay
(Torishima et al., 1990). NRCE cells were pro-
vided directly from Kurabo Industries Ltd.,
Osaka, as a commercially available frozen kit
named CORNE-PAK, together with the serum-
free culture medium RCGM.

Data analysis

The submitted data files were first inspected
manually to detect simple recording errors and
then the hand-plotted dose-response curves
drawn using mean values at each chemical con-
centration were checked visually. The ED50 val-

ues 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) which
is based on the calculation of dose-response by
the non-linear least squares method. Finally, gen-
eral statistical analyses were applied to the cal-
culated data.

Protocol of the NR assay

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

1) HeLa S3 (SC) cells : 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)
2) NRCE cells : a synthetic medium, RCGM,

supplied in the culture kit named CORNE-
PAK (Kurabo, Co., Osaka, Japan). T-
RCGM used for the cytotoxicity assay
contained 1/100 volume of 12 mM calcium
chloride solution.

(2) Subculture for maintenance  of HeLa S3
(SC) cells
HeLa S3 (SC) cells in log phase were used

for assays. Subculture was performed using the
dissociation medium described below. After dis-
sociation of the cells, 2x105 cells were seeded in
a 60-mm dish containing 5 ml of culture me-
dium. HeLa S3 (SC) cells were subcultured ev-
ery 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 HeLa S3 (SC)
cells, the culture medium was used. For
NRCE cells, the neutralization medium
supplied in the culture kit named CORNE-
PAK (Kurabo, Co., Osaka, Japan) was
used.

(4) Neutral red solution: Neutral red (Sigma,
Co.) was dissolved in culture medium and
made up to 150 µg/ml, then centrifuged at
1,500 rpm with 24 cm-diameter vertical
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rotor for 5 min. Ten ml of the supernatant
were needed for each test plate.

(5) Fixation solution: 1%(w/v) formalin con-
taining 1%(w/v) calcium chloride

(6) Extraction solution: 50% ethanol contain-
ing 1%(v/v) glacial acetic acid

2. Test chemical preparation
Test chemicals were dissolved in PBS(-), ster-

ilized by membrane filtration, and then serially
diluted with PBS(-). Since the optimum concen-
tration range was different in each chemical, the
practically attainable maximum concentration
was first set and several 10-fold serial dilutions
was made. The assay was carried out with a wide
dose range of approximately 5-6 orders of mag-
nitude. From the results of this preliminary test,
the maximal concentration was set (the lowest
concentration possible to kill 100% of the cells)
and 2-fold serially diluted. The 2 to 3 orders of
magnitude of the test concentration range were
covered by this serial dilution. Finally the assay
was repeated in order to obtain more than 3 points
with cytotoxic effect between 20-80% of the
maximum cytotoxicity.

To dilute the test chemical 2-fold serially, 150
µl of medium was added to each well of a 96-
well culture plate; then 150 µl of the highest
concentration of the test chemical was added to
each of the wells at the left-end column and
mixed by pipetting with a multi-channel
micropipetter. One hundred and fifty µl of the
diluted solution was added to each of the wells
in the next column.

3. Procedure for the NR assay
3-1. Cell seeding

(1) The cells at  approximately 80%
confluence were selected, i. e., logarith-
mically growing cells. After discarding the
culture medium and washing the cells with
2 ml of PBS(-), the cells were dissociated
by adding 2 ml of the dissociation medium
followed by immediate aspiration of the
dissociation medium. After keeping for ap-
proximately 5 min at room temperature,
the cells were suspended in 5ml of PBS(-)
and transferred to a 15-ml centrifuge tube

containing 5 ml of the neutralization me-
dium. The cells were collected by centrifu-
gation at 1000 rpm (140 x g) for 3 min.

(2) For HeLa S3 (SC) cells:
1) A cell suspension containing 4 x 104 cells/

ml in culture medium was prepared. A 100
µl aliquot of this suspension was added to
each well of the test plate.

2) To avoid uneven attachment of the cells,
the plates were stood for 20 min at room
temperature, then the cells were cultured
for 24 hr in a CO

2
-incubator at 37 °C.

For NRCE cells:
The supernatant in the culture-kit was dis-
carded. The cells were suspended in 5 ml of
T-RCGM. After cell counting with a hemocy-
tometer, the cell density was adjusted to 2.5
x 104 cells/ml. A hundred µl aliquot of this
cell suspension was added to each well of the
test plate. The cells were cultured for 72 hrs.

3-2. Treatment
Test chemicals, 100 µl/well, were added and

the cells were cultured for another 48 hrs.
3-3. Neutral red staining

(1) To each well except for the blank well,
100µl of the neutral red solution was added
and incubated for 3 hrs.

(2) All the solutions in wells were discarded,
then 200 µl of the fixation solution was
added to each well. The cells were fixed
for not more than 1 min to avoid occasional
difficulty of neutral red extraction from the
fixed cells.

(3) The fixation solution was discarded. The
test plates were inverted on paper towels
to remove the remaining drops of the so-
lution from the edge of each well. Then
100 µl of the extraction solution was added
to each well, after which the plates were
placed for 20 min at room temperature. To
avoid ethanol evaporation, the plates were
covered with lids.

(4) The plates were shaken with a microplate
mixer for 30 sec, and then OD540 was
measured with a microplate reader.

3-4. Worksheet for data collection
A  sample of worksheet (Fig. 1) for data col-

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

4. Calculation of cytotoxicity
                                    (a-b)
Cytotoxicity  (%)  = ---------- x 100
                                    (c-b)

where a is OD540 value derived from a well
with a test sample added,

b is mean OD540 value derived from a blank

Fig. 1.  An example of a worksheet used for data collection with the NR assay
Note that each laboratory was allowed to make their own style of the worksheet using fixed

positions of raw data recording. These worksheets were formed on personal computer software.
All the worksheets were first transferred to MS-DOS text files and incorporated to the software
Excel version 4.0, and then recalculat
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well,
c is mean OD540 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 repli-
cate determinations for a concentration of a
chemical.

Results and Discussion

Quality of the raw data

To understand the characteristics of the raw
data and the resulting dose-response curves in
all the submitted data files*, hand-plotted dose-
response curves were drawn on mean values at
each chemical concentration. At this preliminary
step, we found that Lab-24 carried out the NR
assay with only one plate each for both HeLa S3
(SC) cells and NRCE cells. This is a severe vio-
lation of the common rule [3] described in Vali-
dation Article I stating that data should be col-
lected from multiple and independently tested
96-well plates. Accordingly their 14 data files
were not accepted for further analyses.

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. These plots provided
unexpected information otherwise difficult to
assume from calculated ED50 values and accom-
panying outputs from the logistic analysis pro-
gram, LAP-JSAAE. As shown in Fig. 2a, Lab-3
carried out the NR assay with HeLa S3 (SC) cells
using an extremely wide range of concentrations
for each chemical. Concentrations of chemical
#5 ranging from 10-9 %(w/v) to 10-2 %(w/v)failed
to give a dose-response curve crossing over the
50% viability line. Preliminary tests done twice
with this wide dose range, however, resulted in
cell survival of 94.9% and 6.2% of the non-
treated negative control culture when treated at
10-2 %(w/v) for 48 hr. Since chemical #5 is the
strongest toxicant in the present validation, the
chemical at the high concentration, 10-2 %(w/v),
is expected to kill almost all the cells. The re-

sults of their preliminary test suggest that their
preparation technique of chemical #5 test solu-
tion was inappropriate. This type of data has been
excluded from further analysis in the LAP-
JSAAE program.

Apparently the dose-response curve drawn
from the data file of Lab-9 was extraordinal (Fig.
2a). However, The Working Group soon found
that fetal bovine serum was used instead of calf
serum in the culture medium. Thus all the data
files on this assay from Lab-9 were rejected (Fig.
2). Although most of dose-response curves
crossed over the 50% viability line at concen-
trations about 10-4 %(w/v), their variation seemed
surprisingly large for an in vitro cytotoxicity as-
say (from the order of 10-6 %(w/v) to 10-4 %(w/
v) (Fig. 2a and b)).

As shown in Fig. 2b, the data on the NR as-
say on chemical #2 (Tween 80) with serum-free
cultured NRCE cells submitted by Lab-1, -6, -8,
-9, -17, -18,  -25, -35, -45 and -46 showed in-
creases in cellular viability that are higher than
the negative control in a specific lower dose
range near 0.03%(w/v). It should be confirmed
in further studies whether these observations
were real responses in the serum-free condition
or falling within the range of variation of mea-
surements. Similarly small but apparent peaks
in cellular viability were observed in other data
files, such as that of Lab-3 on chemical #1
(Tween 20) with HeLa S3 (SC) cells and that of
Lab-35 with NRCE cells on the chemical #1
(data not shown). Since other laboratories did
not submit this type of dose-response curve for
chemical #1 and #7 (the same chemical as #1)
and Lab-35 did not even obtain data showing
the small peak in the dose-response curve for
chemical #7 assayed with NRCE cells, we did
not suppose, at the present study, that there is a
real increase in the response of cells in a certain
lower dose range of chemicals. This point was
also conceivable for the dose-response curves
drawn on chemical #2 assayed with HeLa S3
(SC) cells cultured in serum-containing medium
(data not shown).

  * Copies of all the hand-plotted dose response curves
are available on request.
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Characteristics of submitted data files and
log(ED50) values

Fig. 3 illustrates the characteristics of data
files of the NR assay with log(ED50) values cal-
culated from the accepted data files. Twenty four
laboratories participated initially in the NR as-
say, but Lab-4 and Lab-47 did not submit any
data. Lab-19 and Lab-29 submitted data files
only for the NR assay with HeLa S3 (SC) cells.
Lab-31 lacked the data file on the chemical #2
tested with NRCE cells. Thus, 154 files and 139
files were submitted on HeLa S3 (SC) cells and
NRCE cells, respectively, giving performance
rates of 92% and 83%, respectively (see Table 3
in Validation Article I in this issue).

The capital letters in shaded boxes are error
codes in the LAP-JSAAE program for calcula-
tion of ED50 values. For example, the data file
submitted by Lab-6 for chemical #4 assayed with
HeLa S3 (SC) cells was marked with check code
C because the data did not include any observed
point with cytotoxic effect between 20% and
80% of the maximum cytotoxicity. Each ob-
served point is an average of replicate determi-
nations for a concentration of a chemical.

The 7 data files from Lab-17 on assays with
HeLa S3 (SC) cells were rejected since the check
code D appeared in the data file for chemical
#1. The check code D indicates that the data in-
clude response of 200% or more where that of
negative control was set at 100%. The result sug-
gests that the intra-laboratory variation of ED50
values on chemical #1 and #7 was undetectable,
and thus resulted in rejection of all the accom-
panying data files for the other 5 coded chemi-
cals in the assay. Similarly, the 7 data file set of
Lab-35 assayed with NRCE cells was also re-
jected because of undetectable intra-laboratory
variation of ED50 values on chemical #1 and
#7.

Even if the data files for chemical #1 and #7
were independently acceptable, the data files of
NR assays with HeLa S3 (SC) cells by Lab-31
and with NRCE cells by Lab-1 were rejected be-
cause of large intra-laboratory variation. Al-
though chemical #1 and #7 are the same chemi-
cal (Tween 20) derived from the same lot, the

ratios of these two ED50 values were 9.15 and
7.76, respectively, when the smaller ED50 value
was taken as the denominator (see Table 6 of
Validation Article I). The ratio of 5.0 or more is
defined as an extraordinary large intra-labora-
tory variation. Therefore the accompanying data
files for the other 5 chemicals in the assay from
these laboratories (the data file set of chemical
#1 - #7) were rejected for further analyses (see
details in Validation Article I).

The data file submitted by Lab-38 on chemi-
cal #3 assayed with NRCE cells resulted in U-
shape dose-response curves, namely, the curve
decreased from lower concentrations to approxi-
mately 0.00625%(w/v), and then increased to
0.1%(w/v) (Fig. 4a). The ED50 value obtained
had an upper 95% confidence limit of over 100
times to the lower limit (check code E). This data
file was rejected for the box-whisker-plot analy-
sis.

On the assay of chemical #6 with NRCE cells
carried out by Lab-35, the hand-plotted dose-re-
sponse curve  showed an abnormal up-and-down
pattern forming 3 peaks. The hand-written dose-
response line crossed the 50% viability level 4
times (Fig. 4b). These extraordinal characteris-
tics of the dose-response curves were detected
after calculating the RMS value (see Validation
Article II in this issue for definition) by the LAP-
JSAAE program. We pre-determined that the
RMS should be less than 10 with the check code
F.

Other rejected data files for chemical #2
through #6 such as that for chemical #5 of Lab-
3 were shown in Fig. 3 with their corresponding
check codes. However, as described (see Vali-
dation Article I), Lab-8 was allowed to amend
their error in recording the chemical concentra-
tions in their submitted data to half of that which
they had initially submitted. Their data files were
marked with sparse dots.

A total of 211 data files was finally accepted
for further box-whisker-plot analysis. Asterisk
attached on the log(ED50) value in Fig. 3 indi-
cates that the value became an outlier in the box-
whisker-plot.
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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 as shown in Fig. 6.

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.
The ratio of ED50s of chemical #1 and chemical #7, or vise versa, was over 5.

A check code was found in data files of chemical #2, #3, #4, #5, or #6.

Data files accepted after amending simple recording errors on reported concentration of chemicals after
the discussion meeting held on November 30, 1994.

Definition of error codes are;
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-E : Of the 95% confidence limits of ED50, the upper limit was over 100 times that of the lower
limit.
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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Fig. 4.  Two examples of extraordinal characteristics of dose-response curves drawn from the data files to which a
check code was given by the LAP-JSAAE program.

a, Hand-plotted dose-response of chemical #3 assayed with NRCE cells. The data were submitted by Lab-38. The
ED50 value obtained has an upper 95% confidence limit over 100 times that of the lower limit (check code E). b, Hand-
plotted dose-response of chemical #6 assayed with NRCE cells. The data were submitted by Lab-35. This data file
resulted in an RMS value of 41.6 that was calculated by the LAP-JSAAE program (see Validation Article II in this
issue). We pre-determined that RMS should be less than 10 for acceptance (check code F).
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Table 1. Variation of the negative controls NR assays

Lab.                 HeLa S3 (SC) cells             NRCE cells
No. ________________________________    _______________________________
       Assays   OD540a   SDb     CV-1c      CV-2d       Assays   OD540      SD      CV-1      CV-2

                      (%)         (%)                                                      (%)        (%)

  1 4 0.458 0.152 33.2   6.5 0
  3 0 1 2.198
  6 5 0.402 0.126 31.3 11.0 2 0.431 0.292 67.7   9.3
  8 4 0.288 0.012   4.2   4.1 7 0.551 0.022   4.0   2.0
  9 0 4 0.166 0.020 12.0 16.4
14 5 0.321 0.063 19.6   5.1 6 0.661 0.044   6.7   6.4
17 0 7 0.765 0.081 10.6   3.9
18 4 0.193 0.032 16.6 10.1 5 0.441 0.201 45.6 18.1
19 4 0.666 0.124 18.6 13.3 0
21 7 0.258 0.047 18.2   5.7 7 0.531 0.168 31.6   9.5
25 5 0.760 0.229 30.1   3.4 5 1.075 0.177 16.5   3.5
28 5 0.296 0.031 10.5 13.2 5 0.227 0.009   4.0   5.2
29 3 0.254 0.001   0.4   3.6 0
30 7 0.579 0.030   5.2   5.1 5 0.120 0.016 13.3 11.5
31 0 6 0.652 0.033   5.1   4.2
34 4 0.887 0.069   7.8   7.1 4 0.995 0.070   7.0   4.7
37 3 0.478 0.081 16.9   5.6 2 0.871 0.182 20.9   4.0
38 5 0.472 0.038   8.1   5.3 3 0.432 0.039   9.0   3.8
45 4 1.237 1.040 84.1   2.4 5 0.391 0.015   3.8 13.8
46 2 0.340 0.019   5.6   1.9 2 0.501 0.035   7.0   5.0

Mean 0.493 0.278   0.6 Mean 0.648 0.481 74.3

a   Mean OD540 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

Technical stability of NR assay in participat-
ing laboratories

Among the 24 laboratories that participated
initially, only 17 received the technology trans-
fer (see Table 2 of the Validation Article I in this
issue). Of these, the recipient from the labora-
tory did not conduct the NR assay but instead a
technician carried out the work. Five laborato-
ries (Lab-9, -17, -19, -28, and -38) did not re-
ceive the technology transfer but performed the
assay. Lab-4 and -47 did receive the technology
transfer but did not submit any data.

To detect technical competence of the NR
assay within a laboratory, variation in negative
controls on each assay and on each plate in an
assay (Table 1) were calculated. With HeLa S3

(SC) cells, Lab-45 conducted the assays with a
large variation for the negative controls. Their
coefficient of variation was 84.1% in the 4 as-
says for 7 chemicals tested with the average
OD540 value of 1.237. The OD540 values of
their negative controls fluctuated from 0.337 to
2.583 (Table 2), although the highest OD540
value was still within the linear range of the neu-
tral red uptake by the cells. However, when ob-
served in an assay, variation of the three nega-
tive controls in three plates was very small. Their
coefficients of variation were between 0.7% and
4.5% with the mean of 2.4% for the four assays
(Table 2). This tendency, i.e., the larger varia-
tion among assays for different chemicals and
the smaller variation among plates in an assay,
was generally observed in OD540 values of the
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negative controls.
 Lab-18 seemed to have seeded HeLa S3 (SC)

cells very sparsely giving a mean OD540 of
0.193. Their low coefficient of variation of 16.6%
in the 5 assays for 7 chemicals suggests that the
mean OD540 value is small and, therefore, re-
sulted in small variation. The smallest  coeffi-
cient of variation, 0.4%, was observed in the
assay with HeLa S3 (SC) cells by Lab-29 with a
mean OD540 value of 0.254. However, we con-
sider OD540 value of around 0.5 - 1.0 is more
desirable to maintain a linear and clearly
analyzable dose-response range even if there is
some variation of raw data.

In the NR assay with the serum-free cultured
NRCE cells, large coefficients of variation were
observed in the data files from Lab-6, Lab-18,
Lab-21, and Lab-37 (Table 1). Larger coefficients
of variation were also observed in data from these
laboratories in the assay with HeLa S3 (SC) cells.
In the assay with the serum-free cultured NRCE
cells, Lab-3 possively mistook the seeding cell
density since the average OD540 value of the
negative control was 2.198: this is almost near
the optimum for the linear range of NR uptake.

When a number of plates were plotted with a
range of negative control values from the NR
assays with NRCE cells, a characteristic two-
peak distribution was observed (Fig. 5). One of
the peaks was observed at OD540 of around 0.1
and the other was between 0.4 and 0.5. One out-
lier of more than 2.0 was observed in the nega-
tive controls, even though these NR assays with
NRCE cells were conducted a commercially
available kit. The desired negative control value
should be near 0.7 in the strict quality-controlled
kit. This suggests that careful training is required
in the NR assay with the serum-free cultured
cells.

Influence of the cell lines

As shown in the box-whisker-plots (Fig. 6),
the serum-free cultured NRCE cells exhibited
higher sensitivity to cytotoxicities of chemicals
#1, #7, and #3 compared to HeLa S3 (SC) cells
cultured in serum-containing MEM. The higher
sensitivity of the NRCE cells was more promi-
nent for chemical #6, sodium lauryl sulfate. This
moderate irritant must have characteristics other

Table 2. Intra-laboratory variation of the negative controls in NR assays with
HeLa S3 (SC) cells carried out in Lab-45

                                             OD540
                 ____________________________________
Assay for
Chemical      Plate-1      Plate-2      Plate-3      Meana        SDb        CV-2c

_____________________________________________________
# 1, 6, 7 2.547 2.583 2.557 2.562 0.019 0.7 %
# 2 0.337 0.366 0.363 0.355 0.016 4.5
# 3, 4 0.468 0.464 0.451 0.461 0.009 1.9
# 5 1.609 1.555 1.542 1.569 0.036 2.3
_____________________________________________________

Meand 1.237 2.4 %
SDd 1.040
CV-1e 84.1 %

_____________________________________________________
a   Mean OD540 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 independent 4 assays calculated from the mean nega-

tive control value of each assay
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Fig. 5.  Distribution of number of plates versus OD540 of the negative controls derived from the NR
assay with the serum-free cultured NRCE cells.
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Fig. 6.  Box-whisker-plots of results of the NR assay
Asterisks indicate outliers of the corresponding box-whisker-plots.
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than those of a regular detergent. One possible
explanation may be the strong protein denatur-
ation ability that is widely exploited in protein
analyses.

However, log(ED50) of chemicals #2, #4, and
#5 tested with NRCE cells were in the same dose
range as those of HeLa S3 (SC) cells, suggest-
ing that the anticipation of higher sensitivity of
serum-free cultured cells to cytotoxicities of
chemicals (Torishima et al., 1990; Torishima et
al., 1995) is not generalizable to a variety of de-
tergents.

As shown in  Fig. 6, 18 outliers were observed
in the NR assays with NRCE cells but only 4
outliers appeared in the NR assays with HeLa
S3 (SC) cells. We surmise that the serum-free
cultured cells will be relatively more difficult to
handle in terms of providing stable results than
the cells cultured in serum-containing medium.

Conclusion

As has been described in Validation Article I
in this issue, the CF, CV, MTT, and NR assays
are recommendable from the view point of per-
formance of the assays. However, from the view
points of inter-laboratory variation and the
"power for distinction" of toxicities among
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