AATEX 3. 182-190 (1995)

First Phase Inter-Laboratory Validation of the In Vitro Eye Irritation Tests for

Cosmetic Ingredients: (8) Evaluation of Cytotoxicity Tests on SIRC cells

Hiroshi Itagaki'?, Michio Shibata' 2, Naoko Tani'*, Shigemi Kinoshita',
Hiroshi Kakishima'*, Yoshiaki Seyama'*, Junko Ohuchi'*, Yutaka Kasai'*. Joshin Okada'-%,
Hajime Kojima'®. Yuuko Okamoto'”. Mayumi Kotani'*, Yasuo Ohno”,
Atsuko Miyajima® and Akira Takanaka’

Llapan Cosmetic Industry Association (11CIA), dth floor. Hatstmeimei Bldg., 9-14. Toranomaon 2-chome, Minato-ku,

Tokyo 105, Japan. “Shiscido Safety and Analytical Rescarch Center, 1030 Nippa-cho, Kohoku-ku, Yokohama 223.

Japan, *Pola Corporation, 560 Kashio-cho, Totsuka-ku, Yokohama 244, Japan, *Kanebo Cosmetic Laboratory, 3-28

5-chome. Kotobuki-cho, Odawara-shi, Kanagawa 250, Japan. "KAQ Corp. -Tochigi. Biological Sciences, 2606 Akabane,

Ichikai, Haga, Tochigi 321-34, Japan, ®Biochemical Research Instinwe, Nippon Menard Cosmetic Co. | A4d., 4-60

Asakusa. Ogaki-shi, Gifu 503, Japan, "Division of Fundamental Research, K OSE Corporation, 1-18-4 Azusawa,
habashi-ku, Tokvo 174, Japan, "SUNSTAR Inc.. 31 Asahi-machi, Takatsuki-shi. Osaka 369. Jupan, 9 Dividion of

Pharmacology, National tustitute of Health Sciences, J-18-1 Kaniyoga. Setagava-ku, Tokvo 158, Japan.

SUMMARY

Cytotoxicity tests using SIRC cells and
crystal violet (CV) staining or ncutral red
(NR) uptakc as their endpoints were primarily
validated using nine surfactants and physiolo-
gical saline by six and seven laboratories.
respectively, under the Ministry of Health and
Welfare (MHW) project on alternatives to the
Draize rabbit eyc irritation test (Draize test)
for cosmetic ingredicnts. The inter-laboratory
cocfficient of variation of ECsgs of the test
substances by CV staining and the NR uptake
method were 0.262 and 0.304, respectively.
These two endpoints gave similar ECggs and
the correlation coefficient between them was
high (r=0.996). Corrclation cocfficients be-
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tween maximal average Draize total scores
(MAS) of test substances in Draize tests and
their ECsps in CV staining and NR uptake
were —(0.894 and —0.913. respectively.

From these results, we concluded these
cvlotoxicity tests using SIRC cells arc promis-
ing as alternative methods to the Draize test
for cosmetic ingredients. and the CV staining
and NR uptake methods gave almost identical
results. However. further validation of these
methods is needed using a wider range of
cosmetic ingredients.

INTRODUCTION

The Draize rabbit cye irritation test (Draize
test)"? has been criticized from the viewpoint
of animal weltare and many investigators have
been searching for alternatives to the test.
Since testing using established cell lines is casy
(o conduct and to ¢valuate, various cvtotoxic-
ity tests have already been proposed and
applied as alternatives to the Draize test.

SIRC cells are a well-known established cell

line derived from the cornca of rabbit
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eyes> . The crystal violet (CV) staining

method was developed by Saotome et al.® for
evaluating the cytotoxicity of chemicals such
as drugs for injection. Itagaki ct al.”” reported
that the CV staining method was applicable to
predict the eye irritancy of surfactants. The
major advantages of the CV staining method
over other cytotoxicity tests arc that the
morphological changes in cultured cells can be
observed by phase microscopy and the tested
microplates can be stored for reference, if
necessary. The ncutral red (NR) method
devcloped by Borenfreund et al.”'® is based
on the uptake of NR and its accumulation in
lysosomes of viable uninjured cells. This
method is the basis of a commercial kit for
evaluating the cytotoxicity of chemicals'.

We have conducted a first-phase inter-
laboratory validation of the CV staining
mcthod and the NR uptake method with
SIRC cells using blinded nine surfactants and
physiological saline solution as a negative
control in six or seven independent laborator-
ies under the same standard operating procc-
dure (SOP). The results are presented and
discussed in this report. This forms a part of
the Ministry of Health and Welfare (MHW)
project entitled “Studics on the test methods
to evaluate the safety of new ingredients of
cosmetics™!?).

MATERIALS AND METHODS

Six or seven laboratories participated in the
validation of these cytotoxicily tests using
SIRC cclls. The test procedures in cach

participating laboratory were strictly control-
led under the common SOP. Cooperating
rescarchers received SOP training and con-
ducted a preliminary experiment to get uscd
to the procedures before starting the main
experiments. They were required to repeal
the same experiments twice to get information
about intra-laboratory rcproducibility.

Materials

The 10 test substances used in this study are
listed in Table 1. They comprised one cationic
surfactant, four anionic surfactants, four
nonionic surfactants and isotonic sodium
chloride solution (physiological saline)'.
They complied with the Japancse standards of
cosmetic ingredients'*'> and were supplicd
by the Japan Cosmctic Industry Association
(JCIA) to the National Institutec of Health
Sciences (NIHS). The substances were coded
by the Test Substance Control Committee and
supplied to all participating each laboratories,
which were blinded as to the nature of the test
matcrials.

Every member of the validation projcct
used the same lot of Eagle’s MEM and calf
scrum from GIBCO Laboratories, NY, USA
(lot 64N5521 and 45K4613, respectively) and
96-well microplates from Becton, Dickinson
& Co., NJ, USA (lot 12871112). Other
chemicals were of the highest grade available.

Cells and culture condition

SIRC cells derived from rabbit cornea,
obtained from the American Type Culture
Collection (ATCC), were cultivated and dis-

Tuble [ List of the test substances

No. Testsubstunces Abhreviation Classilicativa

S-1 Isotonic Sodium Chloride Solution Physia -

S-2 Polyoxyethylene Hydrogenated Castor Oil (6OE.O.) 'O hythrogenaled Nonicnic
castor oil

§3 Palyoxycthylene Sorbitan Monolauraie (26E.0.) Tween 20 Nonionic

S-4 Palycthylencglycol Monolaurate (10E.0.) FLEG monolaurale Nonionic

S-5 Sadium N-Lauroyt Sarcosinate (30%: solution) Lauroy] sarcosinale Anionic

S-6 Saodium Hydrogenated Tallow L-Glulaiaie HT-glmamate Anionic

5-7 Sodium Laaryl Sullate SLS Anionic

S-8 Sodium Polyoxyethylene Laurylether Sulfats POE laurylether Anionic

{21:.0.) (27% solulion) sullae

S9 Polyoxyethylenc Octylphenylether (1015.0.) Triton X- 100 Nonionic

S-10 Benzalkonium Chloride Benzalkonium Cutionic
chlaride
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tributed from the Japanesc Cancer Rescarch
Resources Bank (JCRB) to each laboratory.
The passage numbers of cells used in cach
laboratory were from 417 to 424. The absence
of contamination with mycoplasma was check-
ed prior to the experiment by JCRB and after
the experiment by several laboratories in this
project.

SIRC cells were cultured in Eagle’s MEM
supplemented with calf serum (10%) in a
COs-air (5: 95, v/v) incubator at 37°C. The
doubling time of the cells, determined in
every laboratory that participated, varied
from 12.0 to 24.0 hours (mcan®xS.D.:
18.95%3.59). The colony formation rates de-
termined in five laboratorics were from 29.0
to 72.0% (meanxS.D.: 48.38+19.56). the
modec pcak of chromosome obtained in four
laboratories was 66, and (wo laboratorics
confirmed the isozyme pattern of SIRC cells.

Cytotoxicity test by the CV staining method

The culture medium mentioned above (100
ul) was poured into each well except for the
first well of a 96-well microplate and 100 ul of
a test chemical dissolved in culture medium
was added into the first and the second wells.
Serial two-fold dilution was performed direct-
ly on the plate by transferring 100 ul ol the
mixed solution from the second wcll to the
third, from the third to the fourth, and so on.
SIRC cells were harvested {rom preculture
bottles by trypsinization, washed once, and
resuspended (2% 10°  cells/ml) in  culture
medium. A 100 ul aliquot of the cell suspen-
sion was gently introduced into cach well. The
plates were kept undisturbed for 20 min to
allow the cells to scttle onto the bottom of the
well. They were then cultured in a CO,
incubator (5% in air) for 3 days. Dcad cells
were washed off phosphate-buffered saline
(PBS (-)). and the cells attached to the bottom
of the plate were fixed and stained with 0.4%
crystal violet solution in methanol for 30 min.
The plate was washed with water, and absorb-
ance at about 590 nm was measured by an
automatic microplate reader. The mean

absorbance of 10 wells containing no test
substance was regarded as the control value,
and the percent ratios of absorbance of the
other wells were calculated. Five wells were
used for cach concentration of test substances.
The concentrations of the test substances that
deercased the absorbance by 50% (ECsy)
were obtained from the dose-response curves.

Cytotoxicity test by the NR uptake method

Procedures from preparation of test che-
micals to incubation with SIRC cells were the
same as in the CV method. After incubation
for 3 days, the medium was replaced with 250
#l of culture medium containing NR (50 pg/ml
final concentration) and incubated for another
3 hr. Then. the medium was removed and the
cells were rapidly washed with an aqueous
solution containing both 1% formaldehyde
and 1% CaCl,. Neutral red incorporated into
viable cells was extracted with 200 ul of 1%
acetic acid-50% cthanol mixture. After 15 min
at room temperature. the microplates were
gently agitated by a microplate shaker and the
absorbance at 540 nm was measurcd by an
automatic microplate reader. The other proc-
cdures were the same as in the CV staining
method.

in vivo test

In vivo testing was performed by the con-
ventional Draize eye irritation test mcthod
and the results have been separately reported
by Ohno ct al'™,

RESULTS AND DISCUSSION

Intra-laboratory reproducibility

Absorbance, which is correlated to the
number of viable cells, decreascd with in-
creasing concentration of the test chmicals
except for physiological saline. Tables 1T and
111 show the ECsys, i.e., the concentrations by
which the CV staining and NR uptake werc
inhibited by 50%, respectively. Two LECs,
values, obtained by repetition of the same
experiments, arce given for cach chemical. The
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Table 1. The ECsq values of the CV method obtained from cach laboratory
whoratory 4 B . C D E F ' Nem ' SD | cV
mple No. i
17510000 | >10000 | >I00000 | 500000 | S10080 | 5500000 | —
S—1 2| >10000 [ >10000 | >50000 . >500000 | >10000  |>300000 | . T
Nean >10000 " [ >10000" ] SE6060 " ['S500600 | >10800 [ Ss00000 1= = =
T 2665.2 | O10000) 3080.1 | 3600 2000 | 336100 :
s-2 2| o4z | om0 | a8 | 30 | 28500 | mLED, 1 |
Hea 9044, 5192, 3487, 33500 1 oarh o | 36883 [ 9105.80 490.0| 0158
1] ss6.8 73, 06, 530 700.0 | 1220, 30 i
§-3.2/( . %5236 [  849.0 ) 6671 L0 i 680.0 f 1238.65) . . . T
des{ 541 554, 625.0 1 E%.07| 12080 . 66517 2456|0316
1, Ty 230 W0.0 | 569,42
s-a 2 wes | w3l wa o m | o ]
Neanl " " 329.9 | 4051 275 3650 31.8] 19197 0.368
1| 401 | 5067 130 370.0 ;
S-5.2| 4880 | 38 a0 |0l ssel [T T
T 139, 33_1)) LR iss| ss| i
W T 115. 90 X
s-6:2| 125 | Il @ | 1045 T B e
Veal 1423 i G205 908 ROk N )
Y Y 8. 140 190.0
s-7 2| 185 115 ST s T
ead " I8L 4 7. 1483 is0. AN Y BT
1] 698 45, 750 T,
s-8 2| 642! B2 e 1 D
Neard " 685,51 g6l 15,0 | 165, el sl i
1 5.1 I} 5t .
s-9 2! w3l . 32 & | R Dy
ean ki 580 5.5 3 4] icz] 0369
1 T 18.28 5.5 .
S-10,2, . 166 05 15|85 o T
Nean .2 ! .2 15.9 15. 19.0 5.5] 0.340
B AR Y] 126.0 181, ‘
sLS 2| 1803 19 o | ol = T
Nea] 1763 1719 123.0 18,0 g ey e o
*The results are presented in sg/ml.

* *kResults obtained after the key code had been opened are given in the parentheses,
* % %Since we specified neither the supplier of SLS nor its lot, SLS was used as ava:lable in each laboratory.

Tuble I, The ECs, values of the NR method obtained from cach laboratory
Laboratory | ' :
et © B 1ok L M Nean | SD . CV
11 >10000 >10000 >10000 >10000 ' >10000 >10000 >500000 j
§=1 2 >10000 | >l00t0 | >10000 | >10000 | >10000 | >10000 | >500000 \N
Hean >10000° >10060 >10000 >10000 >10000 >10000 >530000 — — —
1337.3 | >10000 6440.6 3600 2295.1 1350.0 4184. 85 F— |
§-2 ‘2,, LLJes 2 | 1982 9935.0 | ... 3400 (18455 | 1580.0 f 344420, —
Hean  1267.8 1992. 0 6187.8 3500.0 T2070.3 7] " 1850.0 38145 2811.8| 1603.8( €551
1 835.5 839 25.9 800 933. 51 820.0 1358. 30 \\
§S-3 2] 65 ' 814 | 1230.8 | 820 (932131200 1436400 | T
Mean ;ggp{ gé'ﬁfg i ;g 4 g'l{g 0 933.1 110.0 1407.4 945. 9 229.81 0.243
) . 4 556. 78 300.0 709. 05
§-4 .2 3445 ) 344 LoL4 f 980 o 830.59) | 3200 4% \‘ ~—
Nean 340.6 356, 496, 4 375.0 - 543.7 310.0 512.0 2.1 106.7 1 0.250
17 491.9 | 635. 475.1 560 130. 46 350, 0 534. 03
§-5 2 A8T1 | 4414 480 (f 550 . 121.64(  300.0 54320
Hean 479.5 ! 530,9 445.6 555.0 . 120.1 370.0 588.6
1 159.1 121.9 147.3 175 98.97 95.0 232,08
S-6 21 1572 ) 1307 | 189 | 168 1 . 89.61|  1683.0 i . 167.88|
llean 158, 2 129971481 17571 " 7943 134.0 200.9 !
186.6 175.6 115.0 180 188.70 160. 0 183,50 ‘
§-17 2 RN XX N 0 119.0 4. ...19892) 180l 183637 4 T
llean 182. 173.8 111.0 17.0 194. 3 167. 5 183.6 170.9 28, 2‘ 0.148
699. 559. 2 895. 8 00 733.39 450, 0 738.02 \
$-8 2 o852, 1 | 6366 | 8932 i 700 i | 744.90)  450.0 (  499.00 . RN oy
’lea 6;5. 547. 4 894. 5 700.0 739.1 450. 0 618.5 675.1 133.9] 0.198
L 6. 52.8 430 63 25.77 22.0 63. 31
s-0.2| sl 33| sl & | 6m| 2ol ssul 0 T |
Mean 21. 46. 1 63.0 26.3 . 59.2 41.8 16.8| 0 402
1 14 13.82 125 14.2 16.46 . 8.8 ‘\\m
S~10:2 140 f . 34.86f 126 | 162 | 1822 14 ) S e
lem 14.1 24.3 X 15.2 17.3 13. 292 7180 6.4] 0354
175.9 183.1 114, 170 189. 99 145. —
SLS | 2 L1801 1193 20 | 175 1 190.90( 1750 | 186,20 i e~ |
Nean 1755 1812 118, 4 172.5 195. 4 160. 0 ©186.2 169.9 ¢ 25.3 1 0.149

*The results are presented in yg/ol,
% xSince ve specified neither the supplier of SLS nor its lot, SLS was used as available in each laboratory.
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Table IV. The ratio of the two ECq, values of the CV method
obtained from each laboratory

Laboratery] A B C D E I ¥ Yean

Saople No, I
s-1 - - - - - - -
§-2 1.210 - 1. 264 1,030 1. 262 1.070 L. 167
S—-3 | 1.083 1.149 1. 209 1.018 1.077 1.013 . 1.088
$-4 1,054 1,209 1.108 1,022 1.179 1.016 « 1.038
$-5 1. 162 1. 538 1.028 1. 000 1.297% 1.780 1504
$-6 1,003 1.043 1.722 1. 165 1.35¢ 1.143 1.239
$-7 1.082 1,043 1. 006 1121 ., 1.00C 1.031 1.047
$-8 1.034 1,049 1,155 1.042 1135 1,027 1,077
$-9 1127 1. 286 2.252 1.204 2.685 1.168 1. 321
$-10 1.057 1. 752 1,063 1.222 1. 138 1. 048 1.214
SLS 1.047 1.000 ; 1,007 1.050 1000 | - 1221
Wean | 1.084 | 1232 | 1.280 | 1687 | 1315 1144 [ 1.188

*Since ae specified neither the supplicr

in each laboratory.

af SLS nor its lot.

SLS was used as available

Table V. The ratio of the two ECs, values of the NR method obtained
from cach laboratory
Laboratory G : H 1 ] J K L M Yean
Sample No. | '
5-1 - - - - - - - -
$-2 | 1116 - 1085 | 10:5 | 1.244 1.000 | 1El3 1126
$-3 | 14 | 1031 1320 | 1025 | 1.901 1,139 | 1032 L1
s—4 | 1023 | 1065 | 2128 1027 LO4% | 1067 [ 1630 . 1284
s-5 | 1653 | 1.431 1.420 Lo1g | 1022 | g | 1163 1175
s-6 | o1z | 1oz - ron L.042 | L1 - 1511 | 1.382 1.169
$-7 | o3 | no22 1035 | 1034 [ 1055 | 1084 [ 1.001 1,041
s-8 | 1e13 | 1037 | 1.003 1000 | rois | 1900 | 1479 | 1087
$-9 | ro3ar | 1344 | 1203 | 1000 | 103 | 1oE | 1149 1.130
s—-10 | oot | 2522 | 1008 | 1.141 1107 | 123 | 1029 | 1.293
sLs | 1005 | roa | 1083 | 1029 | 1048 - 1T - 1.062
ean | 1,047 1217 | 1.238 [ 1.038 1069 | 1152 | 1.236 1. 146

#Since ae gpecified neither the supplier of SLS nor its lot,

ratios of the two ECsus. indicating intra-
laboratory variance, are also shown in Tables
IV and V. Mean values of the ratios in the CV
staining and NR uptake methods were 1.188
and 1.146, respectively. These results indi-
cated that the intra-laboratory variance was
small by both methods.

Inter-laboratory reproducibility

In order to asscss inter-laboratory repro-
ducibility, the average of the two ECj, results
obtained in each laboratory. and the mean
and standard deviation (S.D.) of these aver-
ages were calculated, and the results are
shown in Tables IT & I1I. Mean values of the
inter-laboratory coetficient of variation of the
CV method and the NR method for the nine
test substances (S2-S10) were 0.262 and (.304,
respectively. These results indicated that the

SLS was used as avzilable In cach labututury.
inter-laboratory reproducibility was also good
in both test methods.

Correlation between in vivo and in vitro tests

The relationships between the Draize
scores taken from Ohno et al.'® (Table VI)
and the mecan ECsps in the CV and NR
methods were examined by linear regression
analysis (Table VI11). Based on the average
correlation coefficient for three paramcters
(maximum scorcs, 24 hr scores and the area
under the curve (AUQ)), the ECs, shows
good corrclations with conjunctivae scores
(CV: —0.847. NR: —0.865). total scores (CV:
—0.806, NR: —0.824) and cornea scores (CV:
—0.768, NR —0.785). The ECj;, values of
both methods also showed good correlations
with the iris scores cxcept for 24 hr scores.
There was no significant difference in related-
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Table V1. Results of the Draize eye irritation test on the ten samples

Vo ole [Mesimunn_seare 24w ecure [V Cen rninr baker e cn
o, Tertal Coornia Iiis Conjunciivi [Faval Cornen lris Coonjonectien [Pl Uvorneen Drvis  Canjivelivi

3.1 12}] 0.0 0.0 0o ).l [$X4] 0.a (LX) b1} 4.0 0.0 0.0

5-2 e 0.0 0.0 0.0 0.0 0O 0.0 0.0 2] & 0.0 00

-3 37 0.0 0.0 0.7 0.0 0.0 0.0 0.0 N 0o 0.0 01
11y (4]

S-4 3.3 00 0.0 33 p.0 0.0 0.0 0.0 ).2 0.a a0 0.2
b 1) o

S-§ 1.3 8.3 0.0 8.0 8.3 hEH 0.0 il 3.4 (] a0 1.5
(4R) (48) (hd)

5-6 26.7  16.7 [ 12.0 26.7 16.7 LX) 10.0 14.9 10,7 (13 S ]
(24) (24.48.72) (T2) (€8]

5-7 150 8.3 0.0 10.0 14.7 6.7 [1X] 8.0 7.1 4.2 00 20
id)  (48.72) (4)

5-8 0.y 33 0.0 10.0 2.7 0.0 0.0 2.7 2.0 0.7 o.n 14
(4)  (48) )

5-9 1.3 300 5.0 1.0 24.7 15.0 () 8.0 26.9 I18.4 236
2) (1Y) (168)  (48)

S-10 8.0 660.7 50 147 [78.0 66.7 0.0 113 57.3 are 2.5 0.9
74y ¢24) 196- 168 (96)

*The arca ralin under the curve means the raie (%) of th wider e line ¢oniiecting acires ol coch ehaervatum
) wothose hased on the iheorctical  maximmn Draize weane until T aiys alter tesaiment,

0 The values i parenthesis e the lime {hosry w which abe scores beeame maxizium,

Table VIL.  Correlation between fir vivo  and in vitro results

CV method NR method
Draize scoves regression line correlation repressios 1ine correlation
coeliicient coefficient
total (vaxizvo) ¥=100. 18 -33. 060xLogx -C. 854 y=102, 41 ~33. 140xlogx -0. 313
scores (2 4hr) | ¥=90.996 -30. 540xLoax -0.837 y=93. 285 -31. 3§95Logx -0. 833
CALUC)| ¥=70.450 -24. 100xLogx -0. 865 y=7E. 007 Z70%Logx 0. 833
Torned (naxisun)] y=80.369 -27. 315%Logx ~0.858 ¥=82. 472 -0.87
scores (2 4hry| y=71.339 -24. 560%Logx -0.18: ' -0.804
(AUCY, y=32.170 -17. 99%+Logx -0, 846 ~18. 355%.08x -0. 864
iris ‘maxioumy y= 7.854 -Z.722%logx -0. 838 ~2.Ta5vlogx -1, 866
scures (24n) | y= 1.088 -0.3713¥Logx -6, 451 0. 364xLogx - 43¢
CAUC)| y= 3742 -1.300%Logx ~(. §63 -1, 312xLogx -0. 83
conjuctivas  (naxinum)| y¥=22.073 -5.998%Logx -0, 78D ~6. 218xLogy -0. 828
scores (2 4ar) | y=18.549 -5, 707«Logx -0.858 | ~5. 840xLogx -u. 880
SALUC)| ¢=14.532 -4, B0l*logx -G 9% -4, 903~ Logx -v. 421

* The relationship between sz w/yoand 77 siero cestlts. except for SI. #as analyzed by limear regression anglysis.

Table VIII.  The runk order of test chemicals in both in vitro test.
and in vivo.

Sawple Ko. Draize total scoreg SIRC-CV m:ethod SIRC-NR m‘elhod
maxisum rank ECey | rank ECo: | rank

§-1 0.0 1—1 | >0000 1 >10000 i
s-2 0.0 1-u| 81058 i 29118 : W
$-3 0.7 ] 766.5 ; It 945. 9
-4 3.3 1\ 31.8 - W 270w
$-5 10.3 vi 438.5 v 443.9 v
S-6 2.1 W 199.7 0w | 1465 W
s-7 15.0 L] 167.7 ¢ W 0.8~ W
$5-8 10.0 v L4 L v 675. 1 v
$—1 4.3 KX 384 . K 11.8 X
$ ~10 78.0 X 19.0 | X 18.0 0 X

Spearman’s rank correlation 0. 961 0. 961

coefficient with Draize scores

*Test chemicals were ranked from [ (least toxic) to X (most toxic).
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Figure. 1. The relationships between maximum total scores of test substances in Draize

tests and their ECqys in the CV staining method (@ data,

regression line) und the NR

uptake method (O data, ------ regression line).

ness among the parameters other than iris
score. Comparison with maximum scorces, 24
hr scores and AUC also gave similar related-
ness except for the case of iris, scores.
The values of Spcarman’s rank correlation
coefficient with ECsy and maximal average
Draize total scores (MAS) were very high
(CV: —=0.961, NR; —0.961) in both test
methods (Table VIII), indicating that com-
parison with proper standard substances may
allow an appropriate classification of test
substances according to their cye irritancy.

Comparisons of two endpoints in the cytotoxic-
ity test

These two in vitro methods gave similar
ECsys and the correlation coefficient between
them was high (r=0.996). The rank orders of
the potency of test chemicals agreed fairly
well with each other (Table VIII). These
results suggest that although the two methods
adopt physiologically/biochemically different
cndpoints, they give similar ECs, values, at
least when surfactants are used as test com-
pounds.

Compatibility between in vivo and in vitro test

results

The classification ol the irritation potential
of ten test chemicals, predicted by using linear
regression formulae, was compared with that
based on the maximum total scores of the
Draize test (Fig. 1). The regression lines were
y=100.18—33.060 log x for thc CV mcthod
and y=102.41-33.746 logx for thc NR
method, where y is the maximum total score
and x is the in vitro ECs, for a given agent.
When a value of fifteen was taken as the
cut-off point of MAS, the ECy, calculated
from the regression lines was 377.16 for the
CV method and 389.25 for the NR method.
Good compatibility between in vivo and in
vitro test results was revealed for the test
chemicals examined except for PEG monolau-
rate (54) in the CV method (false positive).
On the above basis, PEG monolaurate (S4)
fell into a different class in terms of in vitro
reaction in the CV mcthod. Howcever, the
values for S4 in the CV and NR methods arc
very similar, and that in the CV method is
only just outside the cut-off point, so we
consider these two methods are essentially
identical when surfactants are used as test
compounds.
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Towards further validation

It is necessary that alternative test methods
should be based on scientifically proven prin-
ciples. Cytotoxicity tests may be a suitable
alternative to the eye-irritation test in this
regards. They can afford information about
the overall effects of test substances on many
basic biochemical and physiological mechan-
isms of cells, which may correlate with the
direct effects on the constituent cells of the
cye. Since testing using established cell lines is
casy to conduct and the cvaluate, various
cytotoxicity tests have alrcady been proposed
and applicd as alternatives to the Draize test.

We sclected SIRC cells for the tests, be-
cause they are derived from rabbit cornea,
one of the target cell types in the eye-irritation
test. However, Kojima ct al.'” indicated that
diffcrences in cell type do not scem to cause
any significant differences in the results ol the
test as an alternative to the Draize test, at
least when the test substances arce limited to
surfactants.

Good intra-/inter-laboratory variances were
found in the CV staining method and NR
uptake method using SIRC cells. The ECsqs
obtained from both methods also showed
good correlations with the Draize cye irrita-
tion test results. In addition, it was proved
that these different endpoint assays showed
similar EC50 values, when surfactants were
used as test compounds.

We conclude that these cytotoxicity tests on
SIRC cells are useful as an alternative method
to predict eye irritation of surfactants.
Howcver, further validation is needed using a
wider range of cosmetic ingredients.
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