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SUMMARY

A hemolysis test using sheep red blood cell
(RBC) as an alternative method to Draize
rabbit cye irritation test (Draize test) was
cvaluated by nine laboratories using 9 surfac-
tants and physiological saline as test subst-
ances. The test procedurc was controlled
under a common standard operating proce-
dure (SOP) among laboratorics. The concen-
trations of test substances that showed 50%
hemolysis (HCS50) were determined, and was
compared in vivo Draize test scores. Inter-
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laboratory cocfficicnts of variation among the
ninc laboratories were calculated for each test
substance and thc average of thosc was
23.7%. In this study, only one test substance.
Tween20, had relatively large variation of
HCS50  values among laboratories. This
seemed to be because Tween20 results were
affected more sensitively by the slight changes
in experimental conditions than the other test
substances in this study, becausc the repro-
ducibility of Tween 20 results was markedly
improved in a supplemental tcst conducted
after a detailed reviw of the SOP. Rank order
correlation coefficients between hemolysing
potencies and Draize scores were relatively
good. When IYHCS0 was compared to maxim-
al average Draize total scorc (MAS). the
correlation coefficient was 0.738. From these
results and its ability to measure direct cffects
of chemicals on cell membranc, we considered
that the hemolysis test is a promising alterna-
tive mcthod to the Draize test. Further
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validation of this mcthod using a wide range
of cosmetic ingredients is under way.

INTRODUCTION

The hemolysis test is a method of evaluating
membrane injury using red blood cells (RBC)
as a model biomembrane and measuring the
amount of hemoglobin which lcaks from
RBC. In the case of membranc injury causcd
by surfactants, the sites of action of surfac-
tants are lipids and/or proteins in the cell
membrance. Hemolysis is considered to be
causcd by adsorbing of surfactants to RBC
membranc and followed by elution of lipids
and conformational changes of membran pro-
teins. Cationic surfactants show the most
potent hemolytic activity followed by anionic
surfactants. Hemolytic activity of nonionic
surfactants is considered to be comparatively
weak®™H =319 The hemolysis test has
been studied as an alternative mcthod to
Draize cyc irnitation testing (Draize test)"
and seemed to be a good candidatc for further
validation. Thus, we conducted an interla-
boratory validation of the hemolysis test as an
alternative method to the Draize test under
the Ministry of Health and Welfarc (MHW)
project entitled “Studies on the test methods
to cvaluate the safety of new ingredients of
cosmetics”. There are several modificd
mcthods for the hemolysis test. Among these
methods. there is a method adding evaluation

of denaturation of Icaked hemoglobin”. We
chose to evaluate a simple hemolysis method
in which denaturation of hemoglobin was not
considered.

MATERIALS AND METHODS

Test substances

The names of the 10 test substances used as
test materials are listed in Table [. They
include onc cationic surfactant, 4 anionic
surfactants. 4 nonionic surfactants and phy-
siological saline®. They were of Japancsc
standard of cosmetic ingredients*™, and sup-
plied from the Japan Cosmetic Industry
Assoc. (JCIA) to the National Institute of
Hecalth Scicnce (NIHS). Coded substances
were supplied from NIHS to cach laboratories
to cnable us to get objective information
about the methods.

Test method
1) Preparation of RBC suspension

RBC suspension was prepared by centrifug-
ing (approximately 1500G) sterile and pre-
served blood of sheep, which is commercially
available, at 4°C for 10 min. The pellets were
washed with isotonic saline two times and with
isotonic phosphate buffer (PBS pH 7.4) once
by resuspension and centrifugation. RBC
fractions. thus obtained, were suspended in
PBS at 400x10° RBC/ml. The RBC suspen-
sions were kept at 4°C until use.

Table 1. List of test substunces
Sample Name Abbreviation Classification
number
S-1 Isotonic Sodium Chloride Solution Physiological saline —
§-2 Polyoxycthvlene Hydrogenated castor Oil (60 POE hydrogenated castor oil - Nonionic
£.0)
S-3  Polvoxycthylene  Sorbitan  Monolaurate (20 Tween 20 Nonionic
E.O.)
S-4  Polyoxycthylencglycol Monolaurate (10 E.O.} PEG monolaurate monionic
S-5  Sodium N-Lauroyl Sarcosinate (30% solution) Lauroyl sarcosinate Anionic
s-0 Sodium Hydrogenated Tallow L-glutamate HT-glutamate Anionic
S$-7  Sodium Lauryl Sullate SIS Anionic
S-8  Sodium Polyoxyethylenc Laurylether Sulfate  POE laurvlether sulfate Anionic
(2 E.O.: 27% solution)
S-9  Polyoxycthylenc Octylphenylether (10 E.OQ.)  Triton X-100 Nonionic
S$-10 Benzalkonium Chloride Benzalkonium chloride Cationic
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2) Test procedure

The study was carried out according to the
methods used by Kondo and Tomizawa®™,
and by Pape et al”. Each test substance was
dissolved into five different concentrations
with PBS. Onc ml of test substance solution
was added into the same volume of RBC
suspension in a polystyrene centrifuge tubce.
The mixture was incubated at 32°C for 30 min.
Distilled water or PBS was used as complete
hemolysis control or solvent blank. respec-
tively. After 30 min. incubation, the mixturc
was centrifuged at 1500G for 10 min. at 4°C.
The amount of hemoglobin in the supernatant
was measurcd spectrophotometrically at 540
nm and 575 or 577 nm. The measurement at
575 or 577 nm was conducted to confirm
denaturation of hemoglobin in the super-
natant. If an absorbance difference between
540 nm and 575 nm was detected, HD
occurred. In this case, the study was per-
formed within a concentration range that did
not produce HD. Percent hemolysis was
calculated from absorbance of test samples at
540 nm and those of the completely hemoly-
zed control. HC 50 (thce concentration at
which 509z hemolysis of RBC suspension was
caused) was calculated (rom doseresponse
curves showing the relationship between per-
cent hemolysis (%) and test substance concen-
trations. The test procedurc was controlled
under the same standard operating procedure
(SOP) among laboratories.

RESULTS
1) Comparison of HC50 values obtained by
different laboratories;

Nine laboratories participated in this valida-
tion study of th¢ RBC hemolysis test. The
results of the cvaluation obtained by cach
laboratory arc shown in Table 11 and [II.
Intra-laboratory and inter-laboratory repro-
ducibility of data was satisfactory except for
Tween 20. Coetficients of variation among
laboratories were lower than 34% for the
other scven substances for which an HCS0 was

obtaincd. Concerning Tween 20. there were
relatively large variations of results even with
laboratories. In order to investigate the cause
of such variability, a supplementary test was
performd at several laboratories in which
clfects of newly supplied Tween 20 from the
stock sample were compared with those of
already supplicd Tween 20. The results of the
supplemental test are shown in Table 1V and
V. Consequently. the variations were marked-
ly improved.

2) Correlation between HCS0 values and the
results of in vivo Draize test;

The correlation cocfficient and the Spear-
man’s rank correlation coefficient between the
results of the hemolysis test (the supplemental
data were included) and the in vivo Draize
test data of Ohno et al”? (Table V1) are shown
in Table VII. The corrclation graphs are
shown in Fig. 1 and 2. Higher correlation
coefficients were not obtained as a whole in
the comparison between HCS0 values and the
results of Draize test. The correlation be-
tween HCS0 values and the scores evaluating
conjunctiva were relatively high. However,
those for iris was low. Concerning the in vivo
Draize data. they correlated well with I[/HC50
as a whole. but showed lower corrclation with
log HCS50. Rank order of hemolysis potency
corrclated relatively well with those of Draize
scorcs. The test substance that cxhibited
lower concordance with the rank of in vivo
Draize data was Triton X-100.

3} Compatibility of classification of eyc irrita-
tion potencial with that by in vivo test;
Because the correlation cocfficient was
relatively high in the case of 1I/HCS0, predicta-
bility of hemolysis tests for irritation potency
was assessed by using regression lines compar-
ing 1/HCS0 values and the maximum average
Draize total scores (MAS) for seven test
substances (Fig. 1 and Fig. 2) for which HC50
values could be estimated. The cut-off point

swas set at MAS 15. Eve irritation of chemicals

with scores greater than this cut-off point were
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Table I1.

Results of HCSO values of hemolysis method on cach laboratories
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AV. :Average of NHC50 values * The data in the parenthesis are the results of
SD. :Standard deviation the supplemental test.
CV. :Coefficient of variation
Table 111, Summary statistics of HC50 values of hemolysis test
Average of Coefficient of Rank of sn vivo
Sample Ko. N HC50 (ug/at) S.D. Variation Data(Ohno et al)°®
S-1 9 30000¢< 1 — 2 (weak)
S-2 9 20000¢< 1-2
S-3 8 3861.4(1000¢)  3430.9 0.889 3
S-4 9 131.1 39.7 0.302 4
S-5 9 952.4 187.2 0.197 8
S-6 9 13.9 4.8 0.345 38
§-7 9 16.0 2.4 0.150 7
S-8 9 59.9 8.3 0.139 5
S-9 9 140.1 45.0 0.321 9
S-10 9 8.2 1.7 0.207 1 O (sever)

The data in the parenthesis are the results of the supplesental test.

+ Results of using the maximum average scores (MAS)
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Table IV, Results (HC50: wg/ml) of sup- Table V. Results (HCS0:  pg/ml) of  sup-

plemental test: (stability of Tween plemental test: (effect of incubation
20) temperature and time)
32%C 37°C
Laboratories Sasple 3 0sin.| 6 Onin.] 3 Onin.| 6 Oxin.
| 7?2121(3 A c D F 1
Tween20 20000< - 10005 1000>
Tween20 20000¢ (20000¢ {20000< |20000¢ |20000¢ {stared)
(stored) .
Tween20 20000¢ 5800 | 1000> 1000>
Tween20 20000< |20000< |20000¢ [20000¢ |20000¢ {ncwly supplied)
(newly supplied)
TritonX-100 113.7 120 - -
(as a control)

Table VI. Results of Draize rabbit eye irritation test on 10% test substances.
(Ohno et al)

Semple Marimm average score 24hrs score Area ratio under curve® %
mumber
Total Cornea Iris Conjuctiva Total Comea Iris Conjuctiva Total Cormea Iris Conjuctiva

S-1=* 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
S-2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 D.0 0.0
sS-3 0.7(1)*** 0.0 0.0 0.7(1) 0.0 6.0 0.0 0.0 0.1 0.2 0.0 0.1
S-4 3.3(1) 0.0 0.0 3.3(1) 0.0 0.0 6.0 0.0 0.2 0.0 0.0 0.2
S-5 10.3(48) 8.3(48) 0.0 8.0(1,4) 8.3 5.0 0.0 33 3.4 1.9 0.0 1.5
sS-8 28.7(24)  16.7(24-72)  1.7(72-188)  12.0(4) 5.7 18.7 0.0 10.0 4.9 107 0.8 3.5
S-7 15.0(4) 8.3(48,72) 0.0 10.0(4) 14.7 6.7 0.0 10.0 7.1 4.2 0.0 3.0
sS-8 10.0(4) 3.3(48) 0.0 10.04) 2.7 0.0 0.0 2.7 2.0 0.7 0.0 1.4
sS-9 41.3(72)  30.0(72) 5.0(168) 10.0(4,48) 4.7 15.0 1.7 B.3 6.9 184 2.3 6.3
S-10 78.0(24) 66.7(24) 5.0(98-168)  14.7(86) 78.0 86.7 00 1.3 51.3 4.9 2.5 10.9

+ The area ratio under the curve acans the ratio (%) of the area under the line cannecting
scores at each observatlon period to those based on theoretical maximm of Draize total
score until 7days after treatrent.

ss Sample names show in Table I.
833 These values in parenthesis are the time (hour) when the scores became maximm.

Table VII.  Correlation cocfficients and Sparman’s rank correlation between
HC50 values and Draize scores

Correlation Coelficients

HC50 1/HCS50 log.HC50 Rank correlation

Maximal Average Total -0.318 0.738 -0.527 0.818
Draize scores Corneal -0.224 0.730 -0.452 0.693
(MAS) Iris -0.063 -0.134 0.238 0.358

Conjuctiva -0.780 0720 -0.882 0.976

Scores at 24 hrs. Total -0.303 0.849 -0.603 0.827

after Comeat -0.272 0.833 -0.568 0.736

Iris -0.063 -0.331 0.238 0.336

Conjuctiva -0.414 0.796 -0.722 0.836

Area Under Total -0.314 0.756 -0.508 0.809
curve{AUC),% Corneal -0.311 0.753 -0.527 0.723
Iris -0.301 0.483 -0.343 0.639

Conjuctiva 0.317 0.729 -0.527 0.908
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Table VIII.  Reproducibility of the HC30 1o
the MAS. in case that the MAS

was discriminated at score 15.

in vive In vitro results
Classification resulls
1/HCSH0 log. HC50
Positive - 1(8-8) 2(8-4,5-8)
False
Hegative - 1(5-9) 0
Positive 4 3 4
True
Kegative 6 5 4
80 n
70 -
60 |-
50 |-

r=0.738

0 2 4 € 8 10 12 14
1/HCS0

Figure 1. Corrclation between Maxi-
mal avcruge Draize scores (MAS) and
FHCS0

1.5 2
log.HCH0

Figure 2. Correlation between Maxi-
mal average Draize scores (MAS) and
log. HCS0

regarded as positive and those with lower
scores were regarded as negatives. When we
examined the results for ten substances
according to this formula, there was onc false
positive substance (P.O.E. laurylether sul-
fate) and onc false negative substance (Triton

X-100) (Table V111). The correspondence rate
between the in vivo and in vitro data was 80%.

DISCUSSION

The hemolysis test is simple in test opera-
tion, and docs not nced special techniques and
expensive  cquipment. This method has a
merit of being rapid. In this study, we
examined whether the present test method is
uscful as an alternative to the Draize test.
Reproducibility of the test scemed to be good
for all compounds cxcept for Tween20. The
causc of this variation in Tween20 might be
due to variation in procedure for mixing test
substance with the RBC suspensions, and
minute differences in incubation tempcrature
and time. It might also due to the stability of
Tween20. Thus, we reconfirmed in detail the
experimental steps in the SOP. and carried
out a supplemental test at several laboratories
using the stored Tween20 in each laboratory
and a newly supplied on¢ from NIHS. We
found that the reproducibility of data
obtained for Tween20 was markedly im-
proved, there were no differences in the
cffects between the two lots of Tween2() and
hemolysis by Tween20 were affected more
sensitively by the slight changes in incubation
time¢ and temperature than the other test
substances in this study. Except for Tween20,
the intra-laboratory coefficient of variations
for test substances were 0-44%. and the
inter-laboratory coefficient of variation was
13-34% (average 23.7%). From these results,
the reproducibility ol the hemolysis test is
considered to be satisfactory when performed
strictly in compliance with the SOP.

Since there were three substances in which
an HC50 could not be obtained in accordance
with their minimal eye irritating properties.
the correlation coefficient with Draize scores
was estimated for seven test substances. The
correlation cocflicient for HC50 vs. in vivo
responses was not as good as for cytotoxicity
tests in cultured cells”. However, when we
converted the data to 1I/HC50. it became



better. On the other hand. conversion to log
HCS50 did not bring satisfactory correlation
with Draize scores The reason why reciprocal
valuc of HCS50 correlates better than logHCS0
and whether or not this applies also to the
other types of compounds are uncertain. We
will examinge this issuc again alter getting data
for many more substances. The corrclation
between HCS0 values and the scores evaluat-
ing conjunctiva were reletively satisfactory.
However, the correlation between HCS50
valucs and the scores in the iris evaluation was
lower, probably duc to the fact that there are
only three substances which showed changes
in the iris and that the iris responses are
cvaluated only into three grades (0, 1. 2). The
Spearman’s rank corrclation between  the
HC50 values and in vivo data seemed to be
satisfactory except for the iris scores. In vitro
results for Triton X-100 seemed to be lower
than those from the in vive method. The
characteristics of the in vivo data for Triton
X-100 was that the peak of irritation was
delaved as compared to the other
surfactants?. On the other hand, the hemoly-
sis test detects membrane injury occurring
within a rclatively short period alter the
application of test substances and reflect
usually direct physico-chemical interaction
between biomembrane and the test subst-
ances. Thus, this test may not be suitable for
the evaluation of the test substances with
which the in vivo reactions are promoted step
by step. while the test is suitable for evaluat-
ing the test substances with which the rcac-
tions occur within relatively short period.
[n the evaluation of cosmetic ingredicnts,
by Draize test, it is critical to know whcther
the chemicals may cause corncal damage or
not. The draize scorc which corresponds to
the occurrence ol irritation in cornca 18
around 15, which is categorized into “mild
irritant”, according to the classification of Kay
and Calandra®®. Thus we cxamined the com-
patibility of classification of eyc irritation
potencial by hemolysis test with that by in vivo
test using cut-off point 15 by MAS (Tablc VI).

— I

Abscissa values corresponding to Draize score
IS5 on the regression line of MAS on 1/HCSUs
were 2.66X 1077 ug™'/ml™! (HC50=37.5 ug/
ml) respectively.

The correspondence of classification by
using regression line of MAS on 1/HCS0s and
these cut-off points to be those by MAS was
80%. 'The correspondence sceemed to be
satisfactory. A false ncgative result was
obtained only for Triton X-100. Triton X-100
is a nonionic surfactant. and is known to have
minimal protein denaturing action.

We showed that its hemoglobin denatura-
tion cffects was also low (ltagaki et al').
These results suggest that cell membrane
protein denaturation plays one of the major
role in hemolysis and that significant cyce
irritation may be caused without protein
denaturation. From the present results and
discussion. we suggested that the hemolysis
test can be useful as an alternative method to
Draizc test. However, in order to reach such a
conclusion, it is necessary to carry out further
large scale validation tests.

Tentatively, we propose the criteria for
classification of eye irritation potential by the
hemolysis test. That is when HCS0 values are
more than 1000 g/ml the chemicals are evalu-
ated as negative and when HCS0 values are
less than 20 g/ml. the chemicals are cvaluated
as positive. However, further studies are also
nceded for the establishment of the grading
system.
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