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SUMMARY

The first phase inter-laboratory validation
of cytotoxicity tests using established cell lines
was conducted by the collaboration of 7-8
laboratories for the purpose to evaluate the
test for their relevance as alternative methods
to the Draize rabbit eye irritation test (Draize
test). The methods studied were the MTT
(3-[4.5-dimethylthiazol-2-yl] -2,5-diphenyl tet-
razolium bromide) assay in HeLa cells (HeLa-
MTT assay) and crystal violet staining assay in
CHL/IU cells (CHL/TU-CVS assay). We
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tested nine surfactants and isotonic sodium
chloride solution (phosphate saline) under the
common standard operating procedurc (SOP)
and dctermined the concentrations of test
chemicals that showed 50% absorbance re-
duction as compared to control (the median
effective concentration : ECsp).

Inter-laboratory cocfficients of variation ol
the ECs, values obtained for the surfactants
obtained were below .50 except for polyox-
yethylene octylphenylether (10 E.O.: Triton
X-100). The correlation coefficicnts of these
EC5y values with maximal average Draize
total score (MAS) were -0.902 and -0.817 for
the HeLa-MTT and CHL/IU-CVS assays re-
spectively. The cytotoxicity potentials (ECsg)
of test substances were similar between these
two assay methods.

We conclude that the cytotoxicity tests in
HeLa-MTT and CHIL/IU-CVS assays are
promising as alternative methods to the
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Draize eye test for surfactants. Because sur-
factants constitute only a minor part of total
cosmetic ingredients, these tests should be
cvaluated with a wider range of chemicals
uscd as cosmctic ingredients.

INTRODUCTION

Cytotoxicity tests using cultured cell lines
have been studied as alternatives to the
Draize rabbit eye irritation test (Draize
test)'?”). Among them. the methods using
human cervix derived HeLa cells and Chinese
hamster lung derived cells seemed to be
promising because of the wide availability of
thosc cells, ease of culture. and correlation to
Draize scores'':'7"'"2Y) For the purpose of
introducing appropriate methods for the eva-
luation of eye irritation potential for cosmetic
ingredients, we conducted a first phase inter-
laboratory validation of two different cytoto-
xicity tests using established cell lines, the
MTT assay method in human cervix derived
HeLa cells (HeLa-MTT) and the crystal violet
staining assay in Chinese hamster lung derived
CHL/U cells (CHL/IU-CVS) to evaluate
them as alternative methods to the Draize
test. We selected nine surfactants and isotonic
sodium chloride solution (physiological
salin¢) as tcst substances.

This is a part of the Ministry of Health and
Welfare (MHW) project entitled “Studies on

Table 1.

the test methods to evaluate the safety of new
ingredients of cosmetics™®.

MATERIALS AND METHODS

Test substances

Name of the ten test substances used are
listed in Table 1. They are composed of one
cationic surfactant, 4 anionic surfactants. 4
nonionic  surfactants and  physiological

-saline®”. They were from the Japancsc stan-

dards of cosmetic ingredients™*". They werc
supplicd from the Japan Cosmetic Industry
Association (JCIA) to the National Institute
of Health Science (NIHS). The coded subst-
anccs were distributed to each laboratory to
cnable us to get objective information about
the methods and intra-finter-laboratory varia-
tion. The test substances, except sodium
hydrogenated  tallow-L-glutamate  (HT-
glutamate) and benzalkonium chloride, werce
prepared in culture medium and filtered be-
forc use. The medium consisted of Eagle's
MEM (Gibco BRL.) supplemented with 10%
salf serum (CS: Gibco BRL:culture medium).
All laboratories used the same lot of the
culture medium. HT-glutamate and benzalko-
nium chloride were insoluble in the culture
medium, Phosphate-Buftfered Saline
{PBS(—)}. DMSQ. or ethanol used for treat-
ing cells. The final PBS(—) concentration in

Test substances

Samle

number Name

Abbreviation Classification

S-1 Isotonic Sadium Chloride Solution

Physiological saline -

S-2 Polyoxyethylene Hydrogenated Caster Qil(60 E.O.) POE hydrogenated caster oil Nonionic
S-3 Polyoxyethylene Sorbitan Monolaurate (20 E.O0.) Tween 20 Nonionic
sS4 Polyethyleneglycol Monolaurate (10 E.O.) PEG monolaurate Nonionic
S-5 Sodium N-Lauroyl Sarcosinate (30% solution) Laurayl sarcosinate Anionic
S-6 Sodium Hydrogenated Tallow - L- glutamate HT- glutamate Anlonic
S-7 Sodium Lauryl Sulfate SLS Anionic
S-8  Sodium Polyoxyethylene Laurylether Sulfate POE laurylether sulfate Anionic
{2 E.O. : 27% solution)
S-9 Polyoxyethylene Octylphenylether (10 E.O.) Triton X-100 Nonionic
S-10 Benzalkonium Chloride Benzalkonium chloride Cationic
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the culture medium did not exceed 10% and
the concentrations of DMSO and ethanol
were less than 0.5%.

We also used sodium lauryl sulfate (SLS)
from Wako Pure Chemical Industries. Sigma
or Tokyo Chemical Industry as positive con-
trol.

1) HeLa-MTT assay™®*V

Eight laboratories participated in this study.
HeLa cells were distributed by the Japanese
Cancer Research Resources Bank (JCRB) to
each laboratory and cytotoxicity in the cul-
tured cells was evaluated by MTT (Sigma or
Tokyo Chemical Industry) reduction assay™*.
Passage numbers of cell lines used in each
laboratory were from 112 to 118 after getting
P110 cell lines of Hel.a cells. A check for
mycoplasma was performed in advance and a
few laboratories also checked after the experi-
ments and demonstrated lack of contamina-
tion. The doubling time of cells obtained from
all laboratories was from 22.0 to 27.2 h. The
colony formation rates obtained from three
laboratories was from 40.5 to 84.0%. the
modal chromosome number obtained from
three laboratories was from 79 to 82, and two
laboratories detected the human A typc isozy-
me (The Authenti Kit"™ system: Innovative
chemistry). One hundred ul of cell suspension
(4x10* cells/fml) in the culture medium was
added to each well of 96 well-plates (Falcon:
Becton Dickinson labware; Same lot in every
laboratory) and cells were incubated for 3
days at 37°C in a 5% CO, incubator. For cach
test chemical, solutions of 10) different concen-
trations of chemical including non-trcatment
level were prepared in culture medium. One
hundred ul of the solution was added to cach
well and 6 wells per concentration were used.

After 48 h. solutions were aspirated, cells
were rinsed with PBS(+) and 200 ul of MTT
(500 pg/ml in culturc medium) was added to
each well. After 2 h of incubation, black and
fuzzy crystals of MTT formazan produced in
viable cells were extracted with 200 ul of
isopropanol. After 1 h, the absorbance was

measured with a microplate reader at 590 nm.
The ratio of MTT formazan formed in each
well to that from non-treated wells was
calculated for cach concentration and the
median effective concentration, i.e.. ECs),
calcutated  from two concentration-
response curves obtained for cach test subst-
ance.

was

2) CHLIIU-CVS assay™"

Scven laboratories  participated in  this
study. Chinese hamster lung (CHL/IU) cells
were distributed by JCRB and cytotoxicity in
the cultured cells was evaluated by a crystal
violet staining method”. The passage num-
bers of cell lincs used in cach laboratory were
from 7 to 16 after getting P6 ccll lines of
CHL/U cells. The check of mycoplasma was
performed in advance and a few laboratories
also checked after experiments and demons-
trated lack of contamination. The doubling
time of cells obtained from all laboratories
was from 12.0 to 18.5 h. The colony formation
ratc obtained in six laboratories was from 48.0
to 96.0%, the modal chromosome number
obtained from five laboratories was 25, and
two laboratories detected the Chinese hams-
ter like Nucleoside phosphorylase, Lactate
dchydrogenase  and  Glucosce-6-phosphate
isozymes. All laboratories used same lot of
culture medium as for the HeLa-MTT assay.
One hundred ul of 2x10? cells/ml suspension
was addced to cach well of 96 well-plate. The
cells were incubated in culture medium for 3
days. For each test chemical, solutions of 10
graded concentrations including non-treated
control were prepared. one hundred ul of a
solution was added to cach well and 6 wells
per concentration were used. After 48 h,
solutions were aspirated, cells were rinsed
with PBS (+) and the cells attached to the
wells were fixed with methanol. Then, the
cells were stained with 0.1% crystal violet
solution for 15 min. After washing with water
and drying, the absorbance was measured
with microplate reader at 390 nm. The ratio of
crystal violet stained cells in cach well to those
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from non-treated wells was calculated for each
concentration and the median effective con-
centration, i.e. ECsq, was calculated from two
concentration-response curves obtained for
each test substance.

RESULTS

The two ECx, values for the 10 test subst-
ances reported from each laboratory and their
averages, SD and coefficicnt of variations
(CV) from the HeLa-MTT and CHL/IU-CVS
tests are indicated in Table I1 and Table 111,
respectively. The differences in ECsy values
obtained in ecach laboratory for each test

substance were small. The:-CVs among the
data obtained from each laboratory were
below 0.5, except for polyoxyethylene octyl-
phenylether (10 E.O.; Triton X-100) for
which those were 0.759 and 0.516 in the
Hel.a-MTT and CHL/IU-CVS tests, respec-
tively. HT-glutamate and benzalkonium
chloride responses should no differences de-
spitc usc ol different solvents across labor-
atories. Figs. 1 and 2 also show median,
maximum. minimum and quartile results for
the inter-laboratory results for each test subst-
ance, except physiological saline for which
ECs, valucs were not obtained. The HeLa-
MTT and CHL/IU-CVS results show similar

Table H. The median effective concentration of MTT assay on Hcla cells.
Labo. A [] c o E F G H
(wg/mi)

Experiment
umber 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 A SD cv
S1%  >10,000 10,000 >10,000 »>10,000 >10,000 »>10,000 >50,000 »>50,000 >10,000 >10,000 >10,000 >10,000 >10,000 >10,000 >10,000 »>10,000 >10,000
82 56500 64000 40000 38000 48000 4,800.0 45000 50000 20000 17000 2,500.0 32000 40000 60000 46000 4,600.0 4,150 %1080 0287
59 6800 5100 6800 5300 5000 480.0 4400 4200 5800 5800 480.0 4200 €700 7800 4800  880.0 551.0 1040 0189
S-4 2680 2060 200 2000 1900 2000 2600 2650 2450 2500 2500 2320 3150 2850 3600 340.0 2620 453 IR
S5 4000 4100 3200 3280 4500 4000 3400 2600 3200 3200 4400 3100 3650 3800 4200 4000 3730 484 0125
S8 8.0 870 1300 1250 1060 $2.0 6.0 64.0 1.0 88.0 61.0 85.0 $3.0 200 280 7.0 74 209 029
s7 2130 1870 1550 1600 1300 1240 1490 1450 1800 1850 1820 1300 2000 2000 1300  160.0 1680 0.181
s8 7100 8200 6500 5800 6100 5100 4900 4800 2900 3000 &W0D0 4200 7000 8105 7200 680.0 6830 1484 0264
59 €9.0 7.0 a0 70 85.0 67.0 480 “0 19 20 520 20 62.0 9.5 120 10 70 W1 G759
s10 a9 120 130 105 &7 a8 A3 48 28 268 2.8 7.1 120 148 13.0 1.0 L] 10 0453
sLS 1760 1710 1600 1800 1230 1200 160.0 1750 1600  150.0 1820 1280 260 2200 1500 1640 1850 288 0174
(Post. con}

* Sample names show in Tabls L

Table 111.  The median effective concentration of crystal violet staining assay on CHLAU cells.

Labo. A B c o E F s {wg/mi

Expariment

number 4 2 1 2 1 2 1 2 1 2 ) 2 1 2 Aw SD vV
S$1° 510000 >10000 >10,000 >10,000 >10,000 >10,000 »10,000 >10000 >10000 >10,000 >10,000 >10,000 >10,000 >10,000 >10,000

$2 18000 24700 21000 31,6500 25000 27500 11000 9600 15200 1,440.0 2380.0 23500 22000 22100 1,950 5510 0280
o4 000 3200 1300 1600 1780 1960 1200 1500 $00 1440 2350 2500 2500 2900 2020 723 0350

54 2200 200 75.0 £0.0 2700 2700 140.0 1700 147.0 143.0 195.0 195.0 3100 2400 1920 699 0359

=8 3400 4000 3100 2700 4280 450.0 2000 300 230 2870 2400 380.0 4600 4700 3480 B35 0240

58 £0.0 48.0 50.0 4.0 81.0 78.0 §3.0 49.0 30.0 39.0 40.0 87.0 52,0 65.0 520 145 0274

7 160.0 190.0 1750 1700 190.0 205.0 175.0 1750 147.0 1830 2450 2450 2100 1800 1880 294 0156

S8 €90.0 860.0 8500 6200 7850 750.0 540.0 560.0 470.0 500.0 8800 8705 780.0 7100 8.0 1330 0199

$9 31.0 4.0 2 24.0 728 55 18,0 200 19.4 193 28.0 295 56.0 41.0 351 181 0518

510 18.0 20 175 19.0 7.8 271 14.0 12,0 127 155 18.0 20.5 23.0 26.0 202 S8 0207

‘sp‘f.l om?mm 180.0 1800 1750 190.0 172.0 1700 185.0 134.0 162.0 200 2100 180.0 1680 {780 236 0132

* Sample namas show In Table [,

10000 10000
é % s whisker Qy+(3(Qy-Q)
- Mediao Qyi75% Quartiie
3 000 whisker Q3+1.5(03-Qg) o 1000 = : Q)25% Quartile
q $ QIS S E whisker Qp+1.5(Q)-2))
- Medisn 2 $
I $ * Qy128% Quertlle S $
% whisker Q+1.5(Q)-Q)) X
g T O o 1
o 3 $ é 3 $ é
w 2
B 3 5
10 -l 1 1 L w 10 \ 1
$2 S3 S4 S5 S6 5-7 5-8 S-9 S-10 S-2 S3 Svd S 5 S-6 5-7 S 8 5-9 S-10
Sample numbar Sample number

Figure 2. Summary statistics of crystal violet staining
assay on CHL/IU cells.
Samplc names show in Table [

Figurc 1. Summary statistics of MTT assay on Hela
cells.

Sample names show in Table I.
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Table IV. Results of the Draize rabbit cye irritation test on 0% solution of [0 test substances.

53'“[‘*! Maximum average scare 24 hrs score Area under the curve*:%
Total Cornea Iris Conjuctiva Total Cornea Iris Conjuctiva Total Cornea Iris  Conjuctiva

$1* o0 0.0 0.0 0.0 00 00 00 0.0 0.0 0.0 0.0 0.0
s-2 0.0 0.0 0.0 0.0 00 00 00 0.0 0.0 00 00 0.0
$-3 0.7 (™ 00 0.0 0.7 (1) 00 00 00 0.0 0.1 0.0 0.0 0.1
sS4 33 (1) 0.0 00 33(1) 00 00 00 00 02 00 00 02
S5  103(a8)  B8.3(48) 0.0 8.0 (1,4 83 50 00 33 34 19 00 15
$6  267(28) 167 (24-72) 1.7 (72-168) 12.0 (4) 267 167 00 100 s 107 08 35
$7 1504 83(4872) 0.0 10.0 (4) 17 67 00 8.0 71 42 0.0 3.0
S8 100(9 3.3 (48) 0.0 10.0 (4) 27 00 00 27 2.0 0.7 0.0 14
S8  413(72) 300(72) 5.0 (168) 10.0(4,48) 247 150 1.7 8.0 269 184 23 6.3
S-10  78.0{24) 66.7(24)  5.0(96-168) 147(s6) 780 667 00 113 573 438 25 109

* The area ratio under the curve means the ratlo (%) of the area under the line connecting
scores at each obsorvation period to those based on theoretical maximum of Draize total
score until 7 days after treatment.

* Sample names show in Table 1. .
= Thses values in parenthesis are the time (hour) when the scores became maximum.

Table V.

Table VI

Correlation and Spearman rank correlation
matrix between MTT assay on HeLa cells and
Draize rabbit cve irritation scores.

Correlation and Spearman rank corrclation
matrix between erystal violet staining assay
on CHLAU cells and Draize rabbit eye
irritation scores.

Correlation® Rank correlation
coefficients coefficients Correlation® Rauk correlation
Maximal average Total - 0.902 0.930 coefficients cocfficients
Draize total Cornen - 0.470 0.791 Maximal avernge Total -0.818 0.894
scores (MAS) Iris -0.835 0.482 Draize total scores Cornea —0.784 0.742
Conjuctiva -0.808 0.809 (MAS) Iris _0817 0.482
Co cti 0.785
Scoresof24 b Total -0.860 0794 orjuctive - _0.683 g
after Cornea -0.817 0.770 Scoresof 24 ' Total -0.777 0.752
Iris -02338 0.152 after Cornea -0.730 0.733
Conjuctiva -0.812 0.761 Iris -0.408 0.152
Arca underthe  Tatal -0.883 0.891 Conjuctiva - 0783 0.718
carve(AUC): % Cornen - 0861 et Area under the  Total - 0.804 0.842
S et - 0343 o curve(AUC):%** Comnea -0.785 0.764
Conjuctiva - 0.903 891 Iris - 0816 0.491
Conjuctiva - 0.813 0.842

* Logarithmic transformed ECgq values used.

**AUC indicates the area under the line connecting scores plotted
at each observation period. The parameter used in this study
was ralio of AUC of test substances (o those based on
theoretical maximum of the Draize score, cornea, iris and
conjuctiva scove, respectively,

* Logarithmic transformed ECgg values used.

**AUC Indicates the aren under the line connecting scores plotted
at ench observation period. The parameter used In this study
was ratlo of AUC of test substances to those based on
theoretical maximum of the Dralze score, cornea, iris and

conjuctiva score, respectively.

patterns for all test substances.

Table IV shows Draize scores for 10% 80
solution of the 10 test substances™. Maximal
average Draize scores, scores at 24 h after
application, and arca undcer the curve (AUC) |
obtained for cornca, iris, conjunctiva, and the °
sum of these values are shown in Table V. g 9y
These were used to compare with the results
of the HeLa-MTT and CHL/IU-CVS tests. 20 1
The correlation coefficients and Spcarman
rank correlation coefficients between Draize .

scores and logarithmic transformed values of o 1 2 3 4
ECsq are given in Tables V and V1. Figs. 3 and
4 show correlation diagrams between the
maximal average Draize total score (MAS)
and logarithmic transformed ECs, valucs.
Corrclation cocfficicnts between them were

log(EC,, ; ng/ml)
Figure 3. Correlation between maximal average Draize
total scores (MAS) and MTT assay on HeLa cells.
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80 ®

r=-0.817

MAS

10g(EC g5 pgiml)

Figure 4. Correlation between muaximal average Draize
total scores (MAS) and crystal violet staining assay on
CHLAU ccells.

higher than 0.683 except for the case of iris.
The corrclation with MAS and with AUC of
conjunctiva for the HeLa-MTT test was cspe-
cially high (=0.902 and —0.903. respectively).
Rank correlation coefficicnts between in vivo
and in vitro results were also high except for
the scores of iris after 24 h. We consider that
the lack of a range of iris scores to compare to
the in vitro data is the reason the correlations
were low.

Predictability of these cell culture methods
was asscssed by lincar regression lines and the
MAS for the ten test chemicals. The results
are shown in Figs. 5 and 6. When the
discrimination point between  positive  and
negative irritants was set at MAS 15, corres-
ponding ECsys for the HeLa-MTT and CHL/
IU-CVS tests were 288.0 and 220.0 pg/ml.
There were no false negative substances by
both mcthods. but polyoxycthylene sorbitan
monolaurate (20 E.O.: Tween 20) was indi-
cated to be a false positive by lHel.a-MTT,
and Tween 20 and polyetyleneglycol mono-
laurate (10 E.O.: PEG monolaurate) by
CHL/IU-CVS. We consider these cell culture
methods to have good correspondence be-
tween in vitro data and MAS.

We compared the present results with thosc
obtaincd by other cultured cell tests like
Statens seruminstitut rabbit cornea (SIRC)-
CVS. SIRC-NR* and colony formation assay

80
$-10
60 True Positlve False Nagative
[72]
S-9
é 40 |-
S-6
20
S-7
"5 O-8 -
False Positive ¢, True Negative
0 1 s3 , S-2 §4
10 100 1000 10000

ECso (vg/ml)

Simple regression: l0g(EC o= - 0.027MAS+2.87
Figure 5. Reproducibility of MTT assay on Hela cells
to maximal average Draize total scores (MAS). For a
discrimination points of MAS 15. the ECs, of MTT assay
on HeLa cells is 288.0 ggiml.
Sample names are shown in Table I,

80
5-10
60 |— True Posltive False Nagative
(4]
§_ 40 (— 59
S-6
20 —
S-7
55 58
False Positive g4 True Negative
o . S4 L, S2 S-1
10 100 1000 10000

ECsp  (wg/mi)

Simple regression: log(EC so)= - 0.020MAS+2.65
Figure 6.  Reproducibility of crystal violet staining assay
on CHLTU cells to maximal average Draize total scores
{(MAS).
For the discrimination points of MAS 15, the ECy, of
CVS assay on CHL/IU cells is 220.0 pg/ml.
Sample names are shown in Table 1.

on Chinese hamster V79 cells (V79-colony:
unpublished data), in which serum was sup-
plemented in the culture medium. Table VII
shows very high correlation coefficients above
0.914 among these assays.
DISCUSSION

Mammalian cell lines have been used to
establish alternative methods to the Draize
test. These include SIRC celis'™” and mouse
fetal derived fibroblasts, Balb/c 3T3%% '),
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Table VI

Corrclation cocfficient among the cytotoxicity tests.

Hela CHLAU SIRC SIRC V79-
-MTT -Cvs -Cvs -NR colony
Hela-MTT 1.000
CHL/IU-CVS* 0.961 1.000
SIRC-CVS 0.990 0.949 1.000
SIRC-NR** 0.986 0.932 0.998 1.000
V79-colony 0.924 0.947 0.917 0.914 1.000
CVS* :Crystal violet staining assay

NR* :Neutral red uptake assay

P815 murine mastocytoma cells™>, murinc

macrophage cell RAW 264.7'", mousc
cpithelium derived cells, MEL/30'™, hamster
derived fibroblasts, BHK-21/CI3'", human
cervix epithelial cells, HeLa cells'”™'?, human
liver epithclium cells, Hep2'”, HepG2''-=®
and Chinese hamster lung derived cells, V79
cells'""" and so on. Normal cells like human
keratinoeytes® 2<%, human dermal fibro-
blasts®. and rabbit corncal epithelial
cells™ ™! 2327 have also been used to com-
parc responses with in vive Draize scores.
Endpoints to detect the cytotoxicitics of test
substances were neutral red uptake®9:12:23)
growth inhibiton'!-'3-18:2022.2D " olony forma-

. 3 L. 3 82
tion' =17 and *H-uridine uptake™*"_and
so on. Results for surfactants. alcohols.

aldchvdes and other chemicals have been
compared with those from in vivo tests. There
were a few chemicals in each study reported
that did not give results correlating with in
vivo Draize tests. However, relatively good
correlations were obtained for most of the
chemicals. In addition, the cytotoxicitics
obscrved in various methods using scrum-
supplemented culture medium  correlated
each other regardless of cell types and en-
dpoints of cytotoxicity. Results from the
present study also showed high corrclation
with MAS and corncal scores. In addition. we
confirmed by intra-/interlaboratory studies
that thesc cultured cell methods gave repro-
ducible results. From these results, we consid-

er that cytotoxicity tests using mammalian
cells cultured in serum supplemented
medium, including the Hel.a and CHLAU
tests, arc useful as one of the alternative
mcthods to Drize test.

While these results on surfactants are prom-
ising, a second phase validation of these
methods using wider range of cosmetic ingre-
dients is planned.

ACKNOWLEDGMENTS

We are grateful to JCRB for kindly supplying the HeLa
and CHLAU cells. A part of this study was supported by
Rescarch Grant for Health Sciences, MHW.
(Received: July 14, 1993: accepted: October 11, 19953)

REFERENCES

[) North-Root, H., Yackovich, F., Demetrulias, J..
Gacula, M. Jr. and Heize, J. (1979) Evaluation of an in
vitro cell toxicity test using rabbit corneal cells to
predict the eye irritation potential of surfactants.
Toxicology Letters, 14, 207-212.

2) North-Root, H., Yackovich, F.. Demetrulias, J.,
Gucula,k M. Jr. and Heize, J. (1982) Prediction of the
eye irritation potential of shampoos using the in vitro
SIRC cell toxicity test, Food Chem. Toxicol, 23,
271-273.

3) Shadduck, J. A. and Everitt, J. (1985) Use of in vitro
cylotoxicity to rank ocular irritation of six surfactants,
Alternative Methods in Toxicology, ed. by A.M. Gold-
berg, Vol. 3, pp. 641-649, Mary Ann Liebert Inc., New
York..

4) Hutak, C. M., Jacaruso, R. B.. Carson, S. and
Barletta, M. A. (1986) The usc of cell lysis as an index
of ocular irritation potential, J. Toxicol.-Cut. & Ocudar
Toxicol., 5. 143-161.

5) The SDA Alternative Program (1989) Comparison of
in virro data with Draize test data, J. Toxicol.-Cut. &
Ocular Toxicol., 8, 35-49,

— 197 -




6) Okamoto. Y.. Kanzaki. N. and Tanaka, N. (1990)
Studies of an in vitro alternative method to the Draize
rabbit eve irritation test —Comparison of hemolysis of
crvthrocytes and neutral red uptake in cultured cell—.
1. Saoc. Cosmet. Chem. Japan, 23, 272-279.

7) ltagaki. H.. Hagino. S.. Kato. S.. Kobayushi., T.. and
Umeda. M. (1991) An in Vitro alternative to the Drinze
eve-irritation test: Evaluation of the crystal violct
staining methods. Tovicol. in Viro, 5. 139-143.

8) Shopsis. C. and Sathe, S. (1984) Uridine uptake
inhibition as a cytotoxicity test: Correlations with the
Draize test. Toxicology, 29, 195-206.

9) Borenfreund, F. and Puerner, J. A. (1985) Toxicity
determined i vitro by morphological alternations and
neutral  red absorption.  Toxicology  Letters, 24,
119-124.

10) Shopsis. C. and Eng. 3. (1985) Rapid cytotoxicity
testing using a semi-automated protein determination
on cultured cells. Toxicology Letters. 26, 1-8.

11) Borenfreund. E. and Shopsis. C. (1985) Toxicity
monitored with a correluted set of cell-culture assay,
Xenobiotica. 15. T05-711.

12) Hockley, K. and Baxter. D. (1986) Use of the 3T3
cell-neutral red uptake assay for irritants as an altcrna-
tive to the rabbit (Draize) test, Food Chem. Toxicol.,
24, 473-475.

13) Reader. J. S.. Blackwell, V., O'Hara, R.. Clothier.
R. H.. Gnffin. G. and Balls, M. {(1989) Ncutral red
release from pre-loaded cells as an in vitro approach to
testing for eye irritancy potential. Toxicol. in Vitro. 4,
264-266.

14) Kennah, 11, H. E.. Albulescu. D.. Hignet, S. and
Barrow. C. S, (1989) A critical evaluation of predicting
ocular irritancy potential from an in vitro cytotoxicity
assay, Fundamentat and  Applied  Toxicology. 12.
281-290.

15) Bracheer. M., Faller, C.. Spengler. J. and Reinhardt,
C. A (1987) Comparison of i vitro cell toxicity with in
vivo eye irritation. Molecular Toxicology, 1. 561-37(0.

16) Marinovich, M.. Trangni. E., Corsini. A. and Galli.
C. L. (1990) Quantification of in vitro cytotoxicity of
surfactants: Correlation with their eye irritation poten-
tial, J. Toxicol.-Cri. & Ocular Toxicol, 9. 169-178.

17) Scaife. M. C. (1982) An investigation of detergent
action on cells in vitro and possible correlations with in
vivo data. lnternational JTournal of Cosmetic Science. 4.
179-194.

18) Selling, J. and Ekwall. B. (1985) Screcning for cye
irritancy using cultured Hela cells. Xenobiotica. 15.
713-717.

19) Okubo. T.. Hiraiwa. K.. Kinoshita, S. and Wata-
nabe, M. (1990) In virro cytotoxicity test using rabbit
conjuctiva, rabbit cornca and HeLa cells us alternatives
for the Draize cye irritation test, AATEX, 1, 2-9.

20y Dierickx. P. J. and Martens. M. (1986) Validation of
the uridine uptake inhibition assay in cultured human
hepatoma cells. Beig. Arch. Soc. Gen. Hyg. Arbidsgen.
Ger. Gen., 44, 470-477.

21) Tachon, P.. Cotovio. J.. Dossou. K. G. and Pru-
nicras, M. (1989) Asscssment of surfactant cytotoxic-

ity: Comparison with the Draize eve test. International
Journal of Cosmetic Science, 11, 233243,

22) Benoit. J. Cormier. M. and Wepicrre (1987) Liffects
of proteins on the assessment of surfactant cytotoxicity
by an i vitro test: Possible correlation with in vivo
data, Toxicol. in Vitro, 1. 91-96.

23) Torishima. H., Arakawa. H.. Matsui. S. and Wata-
nabe. M. (1990)  Application of normal  human
cpidermal keratinocytes in serum-free medium as an
alternative to the Draize ocular irritating test, AATEX,
1. 22-206.

24) Reinhardt. C. A.. Pclli. D, AL and Sandvold M.
(1985) Ccll detachment and growth ol fibroblasts as
parameters for cytotoxicity of inorganic metal salts in
viro, Cell Biology and Toxicologv., 1. 33-43,

25) Jacaruso. R. B.. Barletta. M. A.. Curson. S. and
Harding, W, (1983) An in virro method [or assessing
corneinl opacification potential using a rubbit corneid
cell line, J. Toxicol.-Cut. & Octdar Toxicol., 4. 49-58,

26) Chan, K. Y. (1986) Chemical injury to an in vitro
ocular system: differential release of plasminogen-
activator. Current Eve Res., 5. 357-362.

27) Watanabe. M.. Watanabe. K., Suzuki. K.. Nikaido.
0., Ishii, I.. Konishi. H. Tunaka. N. and Sugawara. O.
(1989} Usc of primary rabbit cornca cells to replace the
Draize rabbit cye irritating test. Tovicol. in Viro, 3,
329-334.

28) Ohno. Y.. Kancko. T.. Kobayashi, T., Inouc. T.,
Kuroiwa, Y. Yoshida. T.. Momma. J.. Hayushi. M.,
Akiyama. J., Atsumi, T.. Chiba. K.. Endo. T., Fuji,
A.. Kakishima, H.. Kojima. H.., Masamoto, K..
Masuda. M.. Matsukawa. S.. Ohkoshi. K.. Okada. J..
Sakumoto, K.. Takano, K. and Takanaka. A. (1994)
First phase validation of the fn vitro cye irritation tests
for cosmetic ingredients, In Vitro Toxicology. 7. 89-94.

29) The Pharmacopoeia of Japan, Twelfth Edition (1992)
Yakuji Nippo, Ltd., Tokyo

30) The Japanese Standards of Cosmetic Ingredicnts,
Second Fdition (1985) Yakuji Nippo, Lid.. Tokvo

31) The Comprehensive Licensing Standards of Cosmetic
by Category. PART I (1986) Yukuji Nippo, Ltd.,
Tokvo

32) Hoh. A.. Maier, K. and Dreher. M. (1987) Multi-
layered keratinocyte culture used for in vitro toxicolo-
gyv. Molectdar Toxicology. 1. 537-346.

33) Mosmann. T. (1983) Rapid colormertric assay [or
cellular growth and survival. J. Immuno. Methods. 68,
55-63.

34) Ishidate, M. Ir. and Odashima. S. (1977) Chromo-
some tests with 134 compounds on Chinese hamster
cells in vitro—A screcning for chemical carcinogens.
Mutation Research, 48. 337-354.

35) lwagaki, H.. Shibata. M., Tani. N., Kinoshita. S.,
Kakishima, H.. Scyama. Y. Ohuchi. J.. Kasai, Y.
Okada. J.. Kojima. H.. Okamoto. Y., Kotini, M.,
Ohno. Y.. Mivajima. A. and Tukanaka, A. (1995) First
phase inter-laboritory validation of the in vitro cye
irritation tests for cosmetic ingredients: (8) Evaluation
of cvtotoxicity tests on SIRC cells. AATEX. 3.
182-190.

-198 —



