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SUMMARY

The hemoglobin denaturation (HD) test to
detect eye irritation potential of cosmetic
ingredients was primarily validated by cight
laboratorics using ninc surfactants and phy-
siological saline as test substances. The test
procedures were controlled under the com-
mon standard operating procedure (SOP) in
which the denaturation was measured spec-
trophotometrically using microplate reader
and the hemoglobin denaturation ratio
(HDR) for each concentration level of test
chemicals was calculated. The rank order of
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test chemicals among laboratories was similar
with respect to the concentration for 109
HDR. Howcver, HDR values themsclves
varied widely among laboratorics.  This
seemed to be caused by the differences in the
model of microplate reader and its filter.
Multiple linear regression analysis proved that
HDRs calculated in individual laboratorics
were highly corrclated to in vive maximal
average Draize total scores (MAS). The mean
corrclation coefficient was 0.846. From these
results, we concluded that the protein de-
naturation test using hemoglobin is a promis-
ing alternative mcthod to the Draize rabbit
eyc irritation test (Draize test). Further
validation of this method using a wider range
of cosmetic ingredients is under way.

INTRODUCTION
Protein denaturation has bcen considered
to be onc of the mechanisms of eve irritation
by chemicals. Hemoglobin, a metalloprotein
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containing heme, exhibits an absorption max-
imum at about 418 nm (the visible region) at
pH 6.86. and the intensity of this absorption is
decreased by protein denaturation. Hayashi ct
al.' ™ using a commercial grade of hemoglo-
bin and a microplate reader. measured the
decrease in the absorbance at around this
absorption maximum as an endpoint of pro-
tein denaturation. They compared the hemog-
lobin denaturation ratio (HDR) calculated
from these results with the results of the
Draize rabbit eve irritation test (Draize test)
by multiple regression analysis. and indicated
that HD test might be available as an alterna-
tive to the Draize test.

We have conducted a first-phase inter-
laboratory validation of the hemoglobin de-
naturation test using nine surfactants and
physiological salinc as a negative control in
eight independent laboratories under the
same standard operating procedure (SOP).
The results are presented and discussed in this
report. This forms a part of the Ministry of
Hcalth and Wclfare (MHW) project entitled
“Studies on the test methods to evaluate the
safety of new ingredients of cosmetics™™.

MATERIALS AND METHODS

Materials.

The 10 test substances used in this project
are listed in Table I. They comprise one
cationic surfactant, 4 anionic surfactants, 4
nonionic  surfactants and isotonic sodium
chloride solution (physiological salinc)®.
They complicd with the Japanese standards of

cosmetic ingredients”® and were supplied by
the Japan Cosmectic Industry Association
(JCIA) to the national Institutc of Health
Sciences (NITHS). The substances were coded
by the Test Substance Control Committec and
supplicd to all participating laboratories,
which were blinded as to the nature of the test
materials. Bovine hemoglobin and standard
phosphate buffer (pH 6.86) were obtained
from Wako Pure Chemical Industries, Ltd.
(Osaka, Japan).

Test procedures

The method was as described by Hayashi et
al'™®. Briefly, hemoglobin (0.5 g/liter) was
dissolved in the standard phosphate buffer
(pH 6.86) at 0.05% (w/v) concentration.
Surfactants were diluted with ion-cxchanged
water to make a 2.0% (w/v) solution. In a
96-well microplate (Becton Dickinson, NJ,
USA), 100 gl aliquots of surfactant solution at
11 concentration levels. prepared by the serial
two-fold dilution method, were distributed.
The same operations were carried out for §
rows. Equal volumes of hemoglobin/buffer
solution were added to each well of 4 rows.
The other 4 rows were filled with equal
amounts of buffer solution. The microplate
was then incubated for 5 minutes at room
temperaturc and the absorbance at about 418
nm was measured with a microplate reader.
The obtained data (n=4) were processed in
accordance with the (ollowing cquation
(Eqguation-1) and the hemoglobin denatura-
tion ratio (HDR%) for each concentration
level was calculated.

Table . List of the test substances

No. T'est substinces Abhreviation Classilication

S-4 Isotonic Sodium Chloride Solution I'hysiological saline -

S-2 Polyoxyethylene Hydrogenated Castor Oil (601:.0).) POE hydrogenated Nonionic
castor oil

S-3 Polyoxycthylene Sorbitan Monelaurate (20E.0.) Tween 20 Nenionic

S-4 Polycthyteneglycol Monolaurate (10E.0.) PEG monolaurate Nanionic

S-5 Sadium N-Lauroyl Sarcosinate (30% solution) Lauroyl sarcosinale Anionic

5-6 Sadium Hydrogenaled Tallow L-Glutamate HT-glutamate Anionic

S-7 Sodium Lauryl Sullale SIS Anionic

5-8 Sadium Polyoxycethylene Laurylether Sullite POE laurylcther Anionic

(2E.Q.) (27% solution) sullate:

S9 Polyoxyethylene Octylphenylether {10E.0.) Friton X-100 Nonionic

S-10 Benzalkonium Chloride Benzalkonium Cationic
vhloride
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HDR%=100—{ Abs(SHB)— Abs(SB)}/{ Abs
(WHB)-Abs(WB)} X 100(% )(Equation—1)

where Abs (SHB): absorbance of hemoglo-
bin/buffer solution containing surfactants;
Abs(SB): absorbance of buffer solution con-
taining surfactants: Abs (WHB); absorbance
of hemoglobin/buffer solution diluted with
ion-exchanged water; Abs (WB); absorbance
of buffer solution diluted with ion-cxchanged
water.

In vivo test

In vivo testing was perlormed by the con-
ventional Draize eye irritation test method”
and the results have been separately reported
by Ohno ct al'™.

Statistical Analysis

Satistical calculations were done by both an
IBMS550 system and by using the Lotus 1-2-3
Multi-Variate Analysis Program provided by
Audemain, Tokyo.

RESULTS AND DISCUSSION

Hemoglobin denaturation (HD) test

Typical dose-response relationships of the
ten test chemicals with respect to the HDR
obtaincd in laboratory A are shown in Fig. 1.
The HDR of five chemicals (lauroyl sarcosin-
ate: S5, HT-glutamate: S6. SLS:S§7, POE
laurylether sulfate: S8 and benzalkonium
chloride: S10) increased with increasing con-
centration of the test compounds. Hemoglo-
bin denaturation by the other five chemicals
was not observed even at maximum concen-
tration (1%) tested according to the SOP.

As shown in Tables II and 11, the cight
laboratories that participated in this program
used different types of filters. Six laboratorics
used 415 nm, one used 418 nm and one¢ used
420 nm filters. Laboratory A performed the
hemoglobin denaturation (HD) test using
filters of both 418 nm and 415 nm. The results
of the HD test for 1.0%. 0.125% and 0.016%
test  chemicals  (final concentrations) are
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Figure 1. The dosc-response relationships for ten

test chemicals.

*The values of hemoglobin denuturation ratio
(HDR) were obtained from luboratory A using a
filter of 418 nm.

shown in Table II. Similar results wcre
obtained in all laboratories even though the
filter wavelengths were slightly different
among laboratorics.

HDR was measured twice for cach chemical
and the values of the ratio of the results.
indicating intra-laboratory variance. arc
shown in Table 111. Although two-told scrial
dilutions of test chemicals were used in this
SOP. the ratio was less than 2.0 when HDR
was higher than 10%. It was notable that the
intra-laboratory variances were small in the
case of high HDR.

In order to asscss inter-laboratory repro-
ducibility, the means of HDR results in each
laboratory werc calculated, and the results are
shown in Tablc IV. The cocefficient of variance
(CV) for the mean HDR was high, especially.,
for low HDR. The high CV value for HT-
glutamate (S6) may be a consequence of its
low solubility in water.

Because of low inter-laboratory reproduci-
bility, we could not usc the mean HDR of all
laboratories, results as the paramcter to be
correlated with the in vivo test. Therefore, we
tried to identify the causc of the low inter-
laboratory reproducibility.

Studies on the inter-laboratory variance
We searched for the cause of the rather
large inter-laboratory variance in the obtained
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Table II. HDR values obtained from each luboratory

Tboratory | . A.____ [ B O —E 1 f .6 H
vavelength(fiiter)]  418nn i 415m 4150m 420nn 414re 415n0 4150m | 415 (_ 4t3am
Sanple Nd Cone. 1 2 1 2 12 1__2 1 2 1 12 ro2 1 2
1.000% | 7.03 138 7.30 439 LA 34 | -2 475 | 2.90 -10.65 | -9.0 .3+ 5.8 6.3 . 0.707 1.0 -6.6
S-1 [0.125% | 233 147 264 1.22| -0.86-3.60 | -0.15 -0.45 | 2.90 -10.91 |{-14.3 .1 41 -0.8 0 013 0.8 6.2
. bolex 1.58 0.98 187 0.93] -1.06 -2.67 | -1.38 1.50 | 400 -7.2: {-129 .8 2.2 =38 . 1502 -2 58
1. 000% 315 75 3.0 7.83| -2.66 -4.88 256 -0.16 | 077 ©.65 0.5 3 L4 07 74568 55510 -2 -L3
$—2 [0.126¢ | -0.67 152 -0.88 138 -484 -363 [ -L21 -234 [ -0.87 -3.:8 | LG 4 -7 8 2,33 2003, 33 O
0.016% 0.40 065 015 047 -524 -i..5 | -2.41 -1.09 | -0.14 -2.%6 { -l.i -ié 9.7 40 i 1.298 1127 45 -l5
1.C00% | C84 143 0.49 0.93] -4.5 -5.00 | -2.37 243 | 771 -1.38 02 -1¢ 23 0.5 -0.264-08¢ | 03 L9
§-3 ,0.125% | -0.98 -1.39 -1.12 -LB1 -6.56 -6.4 -804 -4.30 8.6t -2.35 | -1.3 -4 1.8 -23 0,924 -0.08} -29 0.5
0.016% | -1.29 -0.36 -1.36 -0.78! -548 -8.20 | -442 -0.31 | -4.&4 073 | -13 -3§ Ll =54 -2.421-2.0834 -1.0 3.2 |
1.000% | 657 1.79: 681 808 104 3051 599 48| 342 249 | 03 05 6.9 81 3.648 G.583| 147 128
S-4 (0125% | 02 075 0238 05 -566 -1.30 | -2.60 -T13 ' -L&& -235 ) <11 3.2 L4 <83 -0.667 4.000| 28 26
o 0.006% | 1.78 4.22: 2.48 4.93  -5.46 -598 -1.20 -6.21 ' -1.80 -0.54 i -13 -30 20 -31 -3.826 42921 103 42
170008 © 27.91 21.24 16.68 16,29, 3513 33.95 38.62 40.03 ] 25.59 20.89 | 34.9 201 ¢ 284 56.676 15.22t | 4.8 1
S-5 [0.425% | -1.06 -2.49°-2.13 -L41, -6.38 -5.26 v -3.69 -0.75 | -237 -1.5 | -2.8 0.6 1.2 -L9 -D.986 -0.085| -2.2 0.7
. 0.016% | -0.66 -0.71;-0.97 -0.73: -4.51 -525 | -1.5¢ -1.35 ' -1.16 -4.58 | -2.0 11 1.2 -0.8 -2, 106 -1.828! 2.1 88
1.000% | 20.83 15.70 ¢ 5.94 -13.57¢ 59.47 50.35 ¢ 53.17 6175 ¢ 21.36 o485 | 29§ 563 2.7 3R~ -6.439 6,792 9.1 112
S—6 |0.125% | 41.22 25.91:31.23 16.27. 38.82 38.53 , $0.60 61.90 ' 37.67 25.70 | 26.5 165 0.1 36.¢ 21,026 25.333 | 81.8 0.4
0.016% | 17.83 10.99:10.60 3.59| 24.07 24,20 | 3¢.66 31.26 | 1460 893 137 124 173 154 7.238 9.3831 38.% 58.3
1.000x | 42.55 43.10:27.60 27.87 54.91 53.44 | 60.06 60.55 | 43.02 40.50 ' 32.4 450 0.8 49.¢ | 28.289 28.199 3.5 265
S-7 [0.125% | 31.35 3226 10.76 20.43 [ 42.23 4401 | 47.87 40.9 | 28.01 31.30 * 3.2 i 2.9 387 . 401203854 1.1 07
- 0.016% 3.79 591 -4.8 -280[ 17.68 13.92 | 2283 25.96 | 3.60 -0.08 1.3 39 1.7 1.6 -3.900 -3.030 4.1 -40
1.000% | 2810 31,37 16.83 20.47| 42.56 42.29 | 43.39 43.69 | 29.36 2636 | 27.1 2.0 , 3.1 345 632 1T 6431 303 3L
S—-8 0125 | 10.50 10.40 0.88 0.96| 19.30 19.04 | 25.27 27.23 | 8.67 5.64 06 L9 ' 53 15 6.485 0.34¢. 91 L0
0.9:6% | -1.65 -0.:3 -2.15 -0.58| -4.53 -4.74 | -0.15 1.2 1.99 -.8 | -1.9 -29 2.4 -l.4 4417 1701 L 4.8
1.000% | 283 13.32: 261 2.80| -3.78 -6.01 123 433 -1.3 | 0.3 02 | -43 -206 3.047-1.284 L3 -G
S-9 |0.125%%  0.27 -0.93: ¢.i4 -0.921 -6.01 -7.06 | 3.07 -3.00 | -5.13 -280 | 3.6 -39 L1 -6 1.927 ¢.985( -0.3 -0.2
0.015%5 | -2.35 -0.84;-2.2i -0.97) -7.84 -562 ' 117 -210 ' -354 -218 ) -31 28 | -21 -&1 0179 -0.214]_ 02 1.3
1.000% | 42.77 43.11:31.30 31.54; oL21 4982 : 53.12 53.7%¢ 4338 41.08 | 4.9 45.& | 9.6 626 1360 33.087) 44.4 442
S-10 [0.125% | 40.74 4D.54:29.75 28.34, 48.91 48.97 ‘ 50.31 5174 , 4350 30.80 | 44 467 8.3 459 32,149 34.031 | 25.9 2.6
0.0168 | 3425 33.44:24.67 24001 44.78 46.32 | 37.97 49.84 3538 J9.48 | 56.5 380 | 48,5 43.1 .33 52.217) 53 -5

*1he results are presented as JIDR(Y),
% % The 1D tests were perforged two times.

Table 111,

The ratio of two HDR results obtained from cach laboratory

Taboratory I A [ BT C D . = ] F ] C T
Filter 418na A150m | 41Ene 42020 Aldnm_ , 415mn 4150m 1 4iinm_ ¢ 418nm
Sanple Ro. Canc, —_ Retio ol two HOR results T
1.900% |~ 4.449 1563 © 2.368 1538 | 2672 30.000 1.08¢ 6. 60C
S—-1 l0125%| 1385  2.154 4186 [ 3.000 | 3762 5286 ! 4.3% | 152
‘0.016% [ 1.612 2011 2. 543 1.087 1.207 7167 1,73 4. 333
[LO0gx | 2.C16 216 1.835 [16.000 | 1185 5000 [ 2.000 200
§~2 0.125%| 2269  1.586 1.163 1.93¢  « 5.954 2.400 .G 33.000
0.016% | 1.625 3.133 1. 365 2211 19.714 1.143 N 13000
1.000% | 1.702 1.898 1.315 L1100 4880 [ 8000 | 4600 3 0. 567
§-3 [D12%! 1418 1.616 1019 [ 1675  3.409 [ 3.384 1500 |10, 5.500
0.016% | 3.583 1.744 1496 [14.258 . 6.356 | 2.16% _ 2.182 : L 3.200
1.000N [ 1.186 1.186 2.933 1.331 L 1. 567 119 1 1. 226
S$-4 0125 3.000 1.526 1.280 [ 2.651 1.372 1882, 3.629 | 1077
0.015% [ 2.371 1. 746 1.095 | 4392 1 2953 [ 2208 ' 1550 2.500
100K [ 1.025 1.027 1.035 L0337 19 LIeT 1717
S-5 10.1258| 2.163 151 L213 | 4920 § 1.683 3143
0.016% [ 1.075 1.329 1. 167 L4 1.500 4. 190 .
1000k| 17185  2.285 | 100z | L.I62 [ i 181 :
S-6 [0.125%] 1591 1.918 1.008 1.223 1.036 1.120 .
0.016% ! 1.622 2952 1. 005 1.019 1.123 1. 534 .
1.000% | 1.013 1.010 1.018 1.008 1.006 1245 .
S=7 012 1.029 1034 1. 042 1.023 L1 15, 857 )
0.016% | 1.559 1.736 1.210 | 1137 1. GE7 1025 6408
LO0ON | 1128 1216 1. 006 1.008 1042 . 1.063 1.15¢
$-8 [0.12%( L0100 1091 1014 1.078 L1013 11801 00 | 4232
0.0168 ! 12 692 3. 707 1. 046 8.200 L7 . 4.182 4.122
1.000% | 1.173 1073 1,590 1,523 1.6%4 1.231 1.746
$-9 [0.12% 3.44 6.571 1.175 1023 1083 1.500 | 2.201
0.016% | 2798 2.340 1.395 1. 798 '.3.857 £ 500 2.518
1.0005 | 1.008 1.008 1.028 1.013 L3 1.005 1,059
S-10 (01258 1005 1.014 1.001 1.028 1.0 1146 | 1.033
0.016% | 1.025 1. 028 1.034 1,313 1. 064 1.415 1. 245
1.000% | 1.649 1. 448 1.513 2. 723 1.623 2106 | 2.322
Mean |0.1258| 1851 2.001 1411 | 1. 956 5 2192 1949 | 3.038
0.0168 ! 2.99%6 : 2173 1342 ' 3656 | 8¢€05 ! 2344 1 22N 3.238 3. 098

data. Since we did not use the same lot of
hemoglobin in all the laboratories, we first
studied the cffect of hemoglobin lot on inter-
laboratory reproducibility by using SLS (S7)
as a test chemical with the same model of
microplate reader (Bio-Rad Model 3550,
Laboratory A). With a filtcr of 418 nm, the
mecan and SD of HDR at 1.0% SLS (S7) as a
final concentration were 42.7 and 1.3 (CV:

0.032), respectively (Table V). With a 415 nm
filter, they were 27.8 and 1.6 (CV: 0.060),
respectively (Table VI). These results suggest
that HDR is not influenced by hcmoglobin
lot.

Then, we studied cifects of the model of
microplate reader and its filter on inter-
laboratory reproducibility. also using SLS
(S7) as a test chemical. 'The HDRs of SLS (S7)
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Table V.

The mean of the two HDR results in cach laboratory

Laboratory A T B T C T D I 3 i kPG i H v " sp | cv
Filter i Aisnm ] 415w [ 420nm i 4idna|  A15nm | 43S | 415nm 1snn | VeSO :
Sample No. Conc. Hean of the two HDR results T
1.000% | 4305 5.845] -0.985/ 0.730' -a.815 -6.030 -0.753 1,042 —
S—-1 {0.125%| 1.900 1,930 -2.230° -0.300 -4.005 1.600 -1.471 3. 466 —
0.0168| 1.280  1.400] -1.860| 0080 -0.620 __-3.050 -1.249 | 2,935 — ]
1.000% | 5.655 5765 -3.710 1200, 0.710 0.350 1.597 3,343 2.0
$-2 |0.125% | 0.425 0.260| -5.2361 -1.775' ~-3.025 -2.100 , Lo 2.149 -
0.016% | 0.525 0310 -6.1951 -1.750! -1 450 -1.65) -1.500 2211 —
1.000% | 1.135 0.70[ -5.290] -2.500] -4.64D 1.40) -0.983 . 604 —
$—-3 10.125%| -1.185  -1.465( -6.500 -6.420| -5180 -0. 430 -2.789 2.629 —
0.016%| -0.825 -1.070) -6.8401 -2.365 -2 685 -0. 830 -2.004 2.119 —
1.000% [ 7.180 1. 445 2. 049 5.2451  3.088 1. 4350 . 5. 832 3. 864 0. 663
$—4 |0.125%( 0.500 0.480| -6.480 -4.910| -1.945 -3, 430 1. 667 2. 00 | 154 3.100 —
0.0165! 3.000 - 3.405'@ -5.720' -3.235 ‘ -1.070 -0. 550 0.233: 1.350 0. 140 3,933 19802
1.000% | 27.575  15.450| 34.54C, 39.3257 23.240 30,200 35,9497 6280 | 27.281 | 10.486 0.384
S§-5 |[0.126%( -0.775  -L.770| -5.820| -2.220 -4.940 -0, 35! -0.775 1 -0.750 5.832 3.864 0.603
0.016%| -0.685 _ -0.B50 | -4.885) -1.445. -2.870 -1 D@ -1.967 5.450 | -0.967 2. 718 -
100K | 23.265 -3.815( 59.415| 57.460  26.105 41,630 0.177  10.150 | 28.219 | 23.G41 0.818
S-6 |0.125%| 33.565 23750 38.675{ 56.250  31.685 38.350 | 23.280| 86.500 ! 39.28% | 20.679 0. 526
0. 016% 14 410 7.0950 24.135] 30.955. 11.165 16. 330 84111 48150 . 19.369 | 13.170 0. 68¢
1.000% 21730 53825 60.205 3 49.6501| 282441 30.200 ' 42.584 | 1L.766  G.276
S-7 |0.125% 31. 805 20.095| 43.120f 48.415  28.655 40.800 | 41.334| 5.900 | 32.842 | 13.161 0. 401
0.0165) 4.850 -3.B30! 15800 24.395| 1.760 9.3%0 ' -3 467 0.0s0 5723 9.337 1.631 |
1.000K| 29.780 18650 42425 43515 2787 33800  24.889 ] 36.260 | 31542 8.215 0. 260
$-8 |0.125% 10.450 0.920} 19.170| 26.250 1.188 15.200; -3.013 5.090 9.153 © 9.562 1. 043
0.0165 | -0.890  -1.365{ -4.635 0.540 | -2, 425 0.500 l -3.089, -1.150 | -1.720 1. 662 —
1000 [ ~3.075 27051 -4.485 1 1.0 -2.B4% 45T 0882 -0.150 | -0.33%5 , 2816 —_
$-9 0.125% | -0.330  -0.390 | -6.535 ‘ 0.035| -2.81§8 -1.650 |  1.456: -0.280 | -1.692 . 2.518 | =
0.016¥| -1.595 -1.6201 -6.73¢: -0.465 -2.910 ~5.1003 -0.018 0.7130 | -2.293 2426 , —
1.000% | 42.940  31.420[ 50.515 ’ 53.455 1 42.510 SLGUC" 32224 44300 | 44,482 8.781 G197
S—10 |0.125%| 40.640  29.545| d48.940  51.025) 41.745 47600 33.090' 24250 | 40.265 . 9.341 1 C.232
0.016%| 33,850  24.335 . 45.550 43 805! 37.430 43100 41,3281 -6.460 ' 34.728 . 17.036 0491
Table V. Effect of hemoglobin lot on HDRs of $7 (418 nm)
Laboratary | A B ¢ T D " E F G H [fen | SD | CV
Hleacglobin lot 1 SAL836I w059 ' THG0SE ' LENB3G ANGT4S DHBCSS L9383 wiRss | T
Tested Yo. 1 2 1 2 P12 12 12 12 12 12 | Tl ___
dDEs cf 1.OCOY ST [30.86 4220 (441644 11,4301 421014295 45454102 42.0 4275 432804283 41.83[4a 72 4216142 70| 138 | 0032
QI5SVST  ,30.63 3%E0[35.3) 35.12{35.37 309419543 35.42[32.57 331 [55.16 465|081 1063|652 2085 5447 | 1593 | aces
COI5$ ST 508 T.2¢f 756 8.8, 6.T5 &2':\ LB 19| 561 5d1| T3 T3 852 03[ 045 mzi 6937 153 | 0.186
Absorbance of control 10.536 0.558 1 0,561 0661‘0&30 0.628, 0,632 0.635| 0.5 0.578 | 0667 0.568 | £.629 C624|0.556 ©.639' 0.624] 0,04 0. 66
*The DR of ST »as seasured with a Biv-Rad ¥odel 3530 reader (Lasoratory A:418 nx),
Table V1. Effect of hemoglobin lot on HDRs of §7 (415 nm)
Labaratory ! A B c D E 3 G H ¥ean | SD TV
lesoglobin 1ot SAL8361 3DEB0S [ LENS36) 089745 B9 | VDLSI80 D809 e—
Tested Sa, 12 b1 2 1.2 12 12 T2 12 12 s
KDRs of 1.CAON ST 0133 21.18:29.38 29.32(28.10 25.81 24.27 31.16(25.05 26.60[27.89 28.38]2.99 2693|3029 7.0z 27.858] 1.8 | 0.060
11258 ST 18.73 22.45123.683 24.98(22.75 2267 73.81 24.26/20.62 2025 |24.82 20142216 2214|2525 12.09120.8%2| 1784 | 0978
0.015% ST 3%:-0.93|-0.81 0.2¢-1.95 -2.50(-6.78 -0.35)-0.08 -313[-115 -L06[-205 -223| 9.83 -2.08!-L.5}| nu | —
sbsarbance of control | 0.491 0.512|0.604 0.609 0.57 0.573 | 0.577 0.580] 0.520 0.527 | e.611 0631 ] 0.574 ©.565 |0.600 0.58 ] .57 | o0.038 | 0.5
«The HER cf ST sas teasured sith a Bio-Rad Yodel 3350 reader (Laborazary A:4i5 ne).
Table VII. The HDR of 87 using same hemoglobin lot (No. SAL8361)
Laboratary | A ] B C D ' & ' F G H Mean ) | cV
icroplute ceader, BIO-RAD ) Corcna E.j [nzer ¥ed Krabo Nole Div. Tossh ' BIO-KAD | Corona €. r—— ) !
Yodrt 3550 1 MTP-32 1 8J-2000,  NP-301 | Enax | wpras: Node) 1557 YIP-100 T _
418 . 415 | 415 420 ' 414 | 418 | 415 | 415 | 415 | i T
DR, of 1,002% 57 2.5 | 2160 | 5234 | 5.8  42.4C 3503} 15,36 | 2460 | 4.30 | 40.430 (36.3%) . U1 9 112,230 ©265 (0,332 )
01288 87 3.35 | 1976 | 4289 | 420 0 M -20.50] 40.80 | 2615 ! %6.10 PAS0) | 2098 (2375 0 T2 (1025)
0.9:6% 87 i 30 -4. 83 13.69 0.3 3.5 -3LI8) 5.30 3.3, 4 1-2.542) 10,462 (15. £02) 18.85¢ (~— )
Absurbance of zontrol | € 567 0.52) 0. 508 0. 586 0.580 ' 03190 1578 047 | €618 | C.523 (0.503) 0.091 ( 5.104) 017 {207

«The KDR of 57 vas cbtained free each laboratory.
* »The results wath & filter of 415 na are showr in parentheses,

measured using the same hemoglobin ot
(Lot. SAL8361), arc shown in Table VII. The
mean and SD of HDR at 1.0% SI1.S (§7) as a

final concentration were 40.4 and 11.9 (CV:

0.295).

respectively.

and these,

ralues were

almost the same as thosce in Table 11. Particu-
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Table VIII.  The rank order of

test chemicals

Sample No. \[Laboratory| A B C D I ¥ G 11l
wavelength (filter:nm)4 1 84 15/415[420[414{415(415/415[415
$-1 - - - - - - - - -
§-2 - = - - = - - -
s$-3 - - - - - - - - -
$-4 - - - - - - - - |
$-5 1 1 1 I 1 I 1 1 -
$-6 v v v v v v v I v
§-7 woom U] i} '] il n n m
$§-8 I ] n I n n n ] )i
§$-9 - - - - - = - - -
S-10 v v v v v v A v I\

* 17 indicates that 10%
% % ‘-7 indicates that 10%

Table IX. Results of the Draize

DR was obtained at Lhe
IIDR was not observed at

highest concentration,
the maximum concentration (1% final conc. ).

ey irritation test on the ten samples

SampleMaximui seers 24 hr _care o under the curve

[N Tl Curiici Iris Conjunctiva [Tal  Comen Iris Cunjunrivi : Cosnest_Iris  Conjunctiva

S-1 .0 0.0 0.0 0.0 0.0 0.0 0.0 a0 .0 0.0 0.0 00

5-2 0o 0o 0.0 0.4 0 0.0 0.0 0.0 0.¢ 0.0 0.0 0

S-3 .7 00 0.0 0.7 0.0 0.0 0.0 0.0 L1 0.0 0.0 0.
e N

S KRCHE X (] 0.0 33 0.0 0.0 0.0 0.0 .2 0.0 00 0.2
1) o

S-S 103 8.3 0.0 8.0 8.3 5.0 0.0 33 3.4 1.9 0.0 1.5
i48) (48) (1.4)

5-0 267 167 1.7 12.0 26.7 16.7 0.0 10,0 1.9 10.7 0.8 s
(24} (2448722 (72) 4)

5-7 150 83 0.0 0.0 14.7 6.7 0.0 8.0 . 4.2 00 30
id)  (48.72) )

S-8 100 3.3 0.0 10.0 ' 0.0 0.0 A 2.0 0.? 0.0 1.4
id) (48} )

5-9 1.3 300 50 10.0 4.7 15.0 1.7 8.0 26.9 18.4 23 63
72) (16¥%)  (18)

-10 [28.0 66.7 S0 14,0 [18.0 66.7 .0 n.3 57.3 439 235 10.9
i) (24 $96-168)(96

- The arca rtio uader the curve means the e (%) of the azea under the b connecting seores gt erch absesvation

pericd 1o iwose based on the theowetival masimus Draize twtal seore until 2

alter treatmenl.

“10 The values in paresthesis wie the time (hour)y ot which the scores bucame masimuni.

larly when the results with a filter of 415 nm
were compared, there was a large inter-
laboratory variance (the mean and SD were
36.845 and 12.233 (CV: ().332). respectively).
Thus, we concluded that, even when the filters
of the same wavelength were used, there were
differences in the filter etfects among labor-
atorics, lcading to the low inter-laboratory
reproducibility.

Inter-laboratory reproducibitity at 10% HDR

We tried to rank the chemicals in terms of
the concentration of test chemicals at which
10% of hemoglobin was denatured. The rank
order of test chemicals in all labortories
agreed well (Table VIIT). These results sug-
gest that. even though HDR differs among
laboratories depending on the filters we used,
the rank order of may be useful to rank the
potency ol eye irritation.

Correlation between in vivo and in vitro test
results

Since the rank order of test chemicals in all
the laboratories agrecd well, even though
HDR values differed among laboratorics, the
correlation cocfficients between the maximal
average Draize total scores (MAS) quoted
from Ohno ¢t al. ™ (Table IX) and the HDRs
from each laboratory were calculated indi-
vidually by multiple lincar regression analysis
(Table X). Correlation cocificients were in the
range of 0.625 to 0980 (mean*SD:
(0.846£0.099). Thesc high correlations suggest
the availability of the HD test for the evalua-
tion of eye irritancy of cosmetic ingredients.
But. becausce of divergences between labor-
atorics. which might be caused by variations
in the filters of microplate readers, a data-base
on in vivo-in vitro relationships should be
constructed by using HDR of cach laboratory.
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Table X, Multiple linear regression analysis between the Draize total scores {maximum) and
HDRs obtained at each laboratory

Laboratory | Filter Nultiple linear regression foroula Correlation coefficient
A 418na [ y= 9.241 +1. 483«HDR(D. 031 0. 836
A 41500 | y=13.626 -16. 104+HDR(D. 004) 0. 884
B 415nn [ y=13.230 +1.088+HDR(0. 016) 0. 7817
C 420no | y= 3.513 +0. 942«HDR(D. 016) -5, 697«HDR(D. 001) 0. 861
D 4ldna | y=12.681 +1.396+HDR(0. 031) 0. 861
E 415no | y=12.622 +1, 345%HDR (0. 016) 0.873
F 4150m | y=-2,282 +2.165%HDR(0.031)  -2.96G+HDR(G.008)  -6. T40«HDR(D. 0G)) 0. 980
G 416nm | y=17.104 +1, 913+HDR(0. 031)  -§. 1T7*HDR(0. 002} C. 615
H 415n0 | y= 6,472 +0. 835%H0RC0. 500D 0.625

* HDR(0. 031) weans the HDR with 0.031% test chemicals.

Table XI.

Corrclation between

in

vivo and fn vitro results

Draize scores IFilter Multiple linear regression formula ! Correlation coefficient
Total scores {naxioum ) 4180 y= 0,241 41, 483xHDRC0. 031) 9. 836
(24hrc) | 418w |y= 7.484 <1.420%HDR(D. 031)  -5. 184+HDR(D. 004) 0. 956
(AUC) 418nm | y= 8,319  +0.926%HDR{D, 031)  -5. 346*EDR(D. 004) 0. 905
Cornea scores (raximom ) | 418nm | y= 7,832 +1.057T+HDR(D.031)  -6. 336+EDR(D. 004) 0. 910
(24hr) |418am |y= 3,861 +1. 518%HDRCO. 016)  -4. TAT*EDR(J. 004) 0. 967
(AUC) 418nm [ y= 3,725 +0. 912%ADR(D. 015)  -3. 884*HDR(]. £04) 0.915
Iris scores (maximuo ) [ 418nm | y= 0.605 +0. 090%HDR(0. 031) 0. 503
(24 hr) (4180 |no multiple linear regression formula —
(AUC) 418no | y= 0.266 +0.046%HDR(0..031) 0. 640
Conjunctivae (oaxinum ) | 418no | y= 3.140 +0. 253=HDR(C. 50C) 0. 808
scores (24hr) |48 |y= 1. 717 +0. 223%HDR0. 1253 0.822
(AUC) 418nm [ y= 1,394 -0.206%HDR(D. 031) | 0.807

*HDRs of laboratory A were used as /7 sitrodata.
* ¥ HDR(0. 031) means the HDR for 0.031% test chemicals.

separately.

The MAS are calculated from basic scores
of changes in cornea. iris, and conjunctivac.
Thus, we compared the HDRs obtained from
laboratory A with those basic scores to find
out which changes are best corrclated with the

Table XII.

Compatibility between in vivo and in vitro results

Calculated scores from 7z #7¢ro vesulis

0-15 [ 15-110
0| s-1. 8-2. s-3
| s-4, 8-5. 5-8 —

15
in vivo
results

1

$-6. $=7. 5-10

bl
[ S —9 (false negative)
0

*The cut-off point was set at a maximum total score of 15.

The correlation with conjunctivae scores was
also good (0.811). On the other hand. the iris
data werce insufficient to make a proper
comparison. Similar results to those described
above were obtained by using a 415 nm filter
in laboratory A.

HI> test results (Table XI). The HDRs

obtained by using the 418 nm filter showed the
best correlation with cornea scores (0.927).
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Compatibility with in vivo test results
Predictability of irritation potential  was




asscssed by multiple lincar regression with the
MAS for ten test chemicals (Table X11). The
cut-off point was set at a maximum total scorc
of 15. Good compatibility between in vivo and
in vitro tests results was found for all these test
chemicals except Triton X-100 (59), which
was considered to be false-negative in the in
vitro test. Since Triton X-100 is commonly
used for extraction and purification of cn-
zymes because of its low protein denaturation
potential. these results indicate that. even
though there might be falsc-ncgative cases.
this HD test will be appropriate for most eye
irritants, providing basic data on the mechan-
ism of eye irritation.

Towards further validation

Eve irritation by chemicals may be caused
by many mechanisms depending on the che-
mical. physical, biochemical, or pharmacolo-
gical propertics of the chemicals and most of
the in virro alternative methods have been
designed to cover only one or a lew of these
mechanisms. Thus, it scems necessary to use a
battery of test methods to decrease the chance
of obtaining false-negative data. For that
purposc it is desirable that cach of the in vitro
methods should be based on a specific, scien-
tifically proven mechanism. The HD method
is classified as a protein denaturation test in
terms of the reaction mechanism. The results
obtaind in cach laboratory showed good
reproducibility of the method and a good
corrclation with the scores in the Draize test.
In addition, the reason for falsc-negativity
scems to be clear. These data are favorable
from the viewpoint of predicting eye irritation
of surfactants. However, the inter-laboratory
reproducibility was relatively low. This was
shown to be a conscquence of differences in
the filters, depending on the maker and lot of
the filter. This result suggests that the filter
must be coordinated with respect to its pro-
duct lot in further validation studies. 11 this is
not done. the microplate reader should be
used only for a preliminary test and should
thercafter be replaced by a spectrophoto-

meter.

The second-phasc validation of this method
using a wider range of cosmetic ingredients is
planned.
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