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SUMMARY

The MATREX'™ system developed by
Organogenesis. INC, has a three-dimensional
structure of collagen gel and human fibro-
blasts. We evaluated this method in threc
laboratories as an alternative method to the
Draize rabbit eye irritation test using coded
nine surfactants and isotonic sodium chloride
solution. Results were: 1) The mean coef-
ficient of variance among the three laborator-
ics for the ten substances was 0.220, 2) The
correlation coefficient between in vitro ECs,
values on inhibit of MTT reduction in MAT-
REX'™ and the Draize scores (maximum
average Draize total scorc: MAS) was 0.633.
The advantage of the MATREX™ is consi-
dered to be the ability to apply water insoluble
substances. It was not possible to asscss this
potential advantage in this study since all test
substances done at this phase of vahdation
were water soluble, however this will be
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checked during the second phase of valida-
tion, when insoluble substances will be evalu-
ated.

INTRODUCTION

MATREX™ was developed as a test kit for
eve irritation study by Organogencsis'™ and
the details were reported by Gay ct al™. This
kit is composed of human dermal fibroblasts
in a-contracted collagen lattice. The cells
maintain their original biochemical activity
and rctain differentiated physiological func-
tions, morphologics and cytoskeletal orga-
nization. The usc of MATREX™ as an
alternative method for the Draize eye irrita-
tion test (Draize test) was also reported and
the reliability to distinguish positive or nega-
tive irritants was 0.807%. Thus. we considered
MATREX™ promising as an in vitro alterna-
tive method to the Draize test.

In the current study., thc MATREX™
mecthod was evaluated with nine coded surfac-
tants and isotonic sodium chloride solution by
three independent laboratorics using the same
procedurcs; test substances were  applied
cither to the surface of the cultures (standard
procedure) or in culture medium submerged
cultures. The Draize tests were performed by
using the same lot of the test substances and
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the correlation with in vitro results determina-
tion.

This is a part of the Ministry of Health &
Welfare (MHW) project entitled “Studies on
the test methods to evaluate the safety of new
ingredients of cosmectics™

MATERIALS AND METHODS

Test substances

Names and abbreviations of the 10 test
substances used are listed in Table 1. They
were one cationic surfactant, 4 anionic surfac-
tants, 4 nonionic surfactants and isotonic
sodium chlorides solution (Table [)”™. They
were of Japancse standards  of cosmetic
ingredients”™. They were supplied from the
Japanese Cosmetics Industry  Association
(JCIA) to the National Institute of Health
Sciences (NIHS). The coded samples were
distributed to cach laboratory to ¢nable us to
get objective information about the methods
and inter-laboratory variability.

Preparation of Living Dermal Model (MAT-
REX'™)

The MATREX™ was manufactured by
Organogenesis Inc. (Canton, MA) and sup-
plicd to each laboratory by a one-day delivery
system. The fibroblasts used in thc¢ MAT-
REX™ fabrication were originally derived
from a single human foreskin and propagated
in monolayer culture. The dermal component
was composed of human dermal fibroblasts in

collagen-containing matrix on a 3 micron
pore-size polycarbonate membranc (modified
Transwell, Costar, Cambridge. MA). While
tests were done, the cell matrix in the mod-
ificd Transwell were placed in a six-well plate.
The upper surface of the matrix was cxposed
to air while the lower portion, resting on the
membrane, was in contact with the underlying
ccll culture medium.

Measurement of cytotoxicity

The cell matrix was placed in the assay
plates and 5 ml of the “MATREX™ assay
medium™ was added to the surface of the
matrix for 30 min at room temperature to
remove any residual conditioned medium
from thce matrix. Then, the 5 ml of medium
was aspirated and 1.5 ml of fresh assay
medium was put underncath each MAT-
REX™ culture. A polyethylene ring was sct
on the surface of the matrix by silicon sealant
to circumscribe the area of exposure (0.8
cm?). Eighty microliters of test solution was
applied to the center of the matrix and the
treated cultures were incubated for 24 hrs at

37°C in humidified incubator with 3% CQO; in

air. At the end of the exposure period, the
upper surface of the MATREX™ was rinsed
with the "MATREX™ ussay medium™ to
remove any (races of test substances. After
being washed, the cell matrices were transfer-
red to six-well assay plates containing 1.5 ml
of the “MATREX™ assay medium™ includ-
ing 0.333 mg/ml of 3-[4, 5-dimethylthiazol-2-

Table 1. List of test chemicals
Sample Name Abbreviation Classification

S-1 Isotonic Chloride Solution Physicological saline -

$-2 Polyoxyethylene hydrogenated Caster Oil (50 E.O.} POE hydrogenated caster oil Nonionic
§$3 Polyoxyethylene Sorbitan Monolaurate (20 E.O.) Tween 20 Nonionic
S4 Polyethylene glycol Monolaurate (10 E.O.) PEG monolaurate Nonionic
S8 Sodium N-Lauryl Sarcosinate Lauroyl sarcosinate Anionic
S-6 Sodium Hydrogenated Tallow L-Glutamate HT-glutamate Anionic
§-7 Sodium Lauryl Sulfate SLS Anionic
S8 Sodium Polyoxyethylene Laurylether Sulfate POE laurylether sulfate Anionic
S-9 Polyoxyethylene Octylphenylether (10 E.O.) Triton X-100 Nonionic
$-10 Benzall Chloride Benzalconium chloride Cationic

— 169 -




yl]-2, 5-diphenyltetrazolium bromide
(MTT)”. The assay plate was incubated for 3
hrs at 37°C. After the expose of MTT, the
center of the cell matrix was excised using an 8
mm diamcter skin biopsy punch and MTT-
formazan was cxtracted with 0.3 ml of isopro-
panol containing 0.04 N HCI. Absorbance at
570 nm was measured with the isopropanol
extraction medium as a blank. All data were
cxpressed as the percentage mean#standard
deviation (%MTT) for MTT conversion nor-
malized to 100% conversion scen in the
appropriate untrcated control (no addition
control). The median effect concentration
(ECsy) for cach test chemical was estimated
from dose-response curve.

In the case of Polyoxyethvlene Octylpheny-
lether (10 E.O.) (§-9: Triton X-100), “the
dipping method™ was also cvaluated. Cell
matrices were submerged into culture medium
containing test substances for 24 hrs at 37°C
prior to measurement of MTT mectabo-
lism'*1),

Study design for the validation
Three different laboratories participated in

test substances were classified into eleven
categorics (Table II). The second step, ECyy
estimation studies, were performed with
several concentration using the scheme which
was pre-determined from the categories
(Table 111), using the MATREX™ applica-
tion methods as described above.

RESULTS AND DISCUSSION

Resulis of the MATREX™ study

Results of the MATREX'™ study on 9
surfactants and isotonic sodium chloride solu-
tion (S-1: Physiological salinc) arc shown on
Table IV. The irritation potential of cach
chemical was judged using MATREX"™ clas-
sifications (Tablc V). ECs, valucs ol isotonic
sodium chloride solution and polyoxyethylene
hydrogenated caster oil (S-2: POL hydrogen-
ated caster oil) were higher than 5%. and
these substances were classified into “No
effect”. Polyoxyethylene sorbitan mono-
laurate (20E.O.) (S§-3: Tween 20), poly-
ethvlene glycol monolaurate (10E.O.) (S-4:
PEG monolaurate), sodium N-lauroyl sar-

this inter-laboratory evaluation of MAT- Table 1. Classification by the range finding study
™ ) - . ) Survival ratio
REX™™. The test was conducted according to 001% 0.1% 1% Classification
the original SOP of the MATREX™ test. over60%  over60%  over 60% A
. - - i 0, 0, 0/ &N, B
I'echnical transfer was done by Toyobo Corp. ver ggoﬁ: over 28,2 gg,//;ig;: c
Ltd before the study was begun. A two step over60% over60% under 40% D
ac s sstimate the EC over60% 60%~50%  50%~40% E
ap;)roa9l1 was taken to cstlmatf. the ECs, e e0%  60%-80%  tnder 40% -
value of the test substances. The first step was over60%  50%~40% under 40% G
a range finding study using 0.01%, 0.1% and 60%~50%  50%~40% under 40% H
. . L . 60%~50% under 40% under 40% |
1.0% solutions (w/v in distilled watcr) of the 50%~40% under 40% under 40% J
test substances. According to these results, under 40% _under 40% under 40% K
Table 1. Concentration for the ECs, cstimation study
Classification” Concentration(%)
A 1 5 10 50 100
B 0.25 0.5 1 2.5 5
C 0.25 0.5 1 2.5 5
D 0.10 0.25 0.5 0.75 1
E 0.05 0.1 0.5 1 5
F 0.05 0.75 0.1 0.25 0.5
G 0.025 005  0.075 01 - 025
H 0.01 0.025 005  0.075 0.1
I 0.0075  0.01 0.025 005  0.075
J 0.0025 0005 0.0075 0.01  0.025
K 0.001 _ 0.0025 0.005 0.0075  0.01

* Classification was depended on the result of the range finding study
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Table IV.  Results of the MATREX methods (ECs, value. coeflicient variation and clussification)

1 2 3 Average+ S.D. cv Classification
S-1 >100 >100 >100 100+ 0 0 no effect
S-2 21.5 26.5 45 31124 39.9 no effect
S-3 0.061 0.057 0.072 0.0633+0.00777 12.3 moderate
S-4 0.058 0.06 0.063 0.0603+ 0.00252 4.2 moderate
S-5 0.32 0.25 0.217 0.262+ 0.0526 20.0 moderate
S-6 0.0041 0.00385 0.0018 0.00325+0.00126 38.8 severe
S-7 0.0018 0.0015 0.0017 0.00167+0.001563 9.2 severe
s-8 0.06 0.047 0.06 0.0557+0.00751  13.5 moderate
S99 0.06 0.0285 0.034 0.0408+ 0.0168 41.2 severe
$-10 0.0016 0.0023 0.00178 0.00189+0.00036  19.2 severe
*Unit of ECgq value was %
Unit of coefficient variance was %
Table V. Classification of the surfactant by atorics.
IECsq value on the MATRIEX study
Range of ECyo value Cl:ss:‘:atlton Correlation between the results of the MAT-
5%SECso oM'Idec REX'™ and the Draize test
0.5% SEC50<5% : The data of the Draize test {or test subst-
0.05% <EC50<0.5% Moderate ances arc shown in Table VI, which is derived
0, . 5 . e -
EC50<0.05% Severe from Ohno ct al'®. The correlation coefficient
between ECs, values in MATREX™ and the
cosinate  (S-5: Lauroyl sarcosinate) and  results of the Draize test are shown in Tablce

sodium polyoxvethylene laurylether sulfate
(S-8: POE laurylether sulfate) were classificd
into “Moderate™. The remaining substances.,
sodium hydrogenated tallow 1-glutamate (S-6:
HT-glutamate), sodium lauryl sulfatc (S-7:
SLS). Triton X-100 and benzalkonium chlor-
ide (S-10: Benzalkonium chloride) were clas-
sified into “Severe”. The average cocllicient
of variation (CV) valuc for the test chemicals
was (1.22 among the three participating labor-

Table VI.

VII. The correlation coefficients between
ECs, value and Draize MAS. cornea, iris, and
conjunctiva total scores were 0.633, 0.580.
0.486 and 0.767, respectively (also in Figure
1). These four criteria caleulated on the basis
of the scores at 24 hrs after exposure were
0.587. 0.578, 0.496 and 0.627 respectively.
Thosc on the basis of area under the curve
(AUC; cxplanation as shown in Table VI)
were 0.634, 0.585, 0.045 and 0.735, respec-

The Druize test scores

Sample Maximum Average Score Scores at 24hrs after Area Under
number {MAS}) Exposure the Curve(AUC)****
Total* Comea Iris Conj.** Total Cornea Iris Conj. Total Cornea Iris Conj.

s4 0 ) [) ) ] 0 0o o 0 0 ] )
s2 0 0 0 (] 0 0 0o o 0 0 0 0
8.3 071 0 0 0.7(1) 0 0 [ 0.1 0 0 0.1
S4  33(1) 0 (] 3.3(1) 0 0 o o0 02 o 0 0.2
S.5 10.3(48) 8.3(48) 0 8{1,4) 8.3 [ 0 33 3.4 1.9 () 15
S-6 26.7(24) 16.7(24,48,72) 1.7(72)  12(4) 267 167 0 10 149 107 08 35
S-7  154) 8.3(48,72) ] 10(4) 147 67 o 10 71 4.2 ] 3.0
S8 10(4) 3.3(48) o 10(4) 2.7 0 [ 20 07 0 14
S.9  41.3(72) 10{72) 5(168) 10(48) 247 15 17 8 269 184 23 83
S-10 78(24)  66.7(24) 5(96-168) 14.7(96) 78 67 0 113 573 439 25 108

* "Total” means sum of cornea, iris and conjunctiva score

**Conjunctiva ***Observation time of MAS for total

****The area under the curve (AUC) stands for the area under the line connecting scores plotted at
each observation period. The parameter used in this study was the ratio of AUC of test chemicals
to those based on theoretical maximum of the Draize total score, cornea, Iris score and

conjunctivae score, respectively.
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Table VII.  Correlation coefficient and rank correlation between ECs, value and

the Draize test result

MAS* Score AUC"
at 24 hrs
Total 0.633(0.850) 0.587(0.848)  0.634(0.850)
Cornea 0.580(0.741)  0.578(0.833)  0.585(0.814)
Iris 0.486(0.767)  0.496(0.137)  0.045(0.744)
Conjunctiva  0.767(0.932)  0.627(0.860) 0.735(0.850)
* MAS means Maximum Average Score
**Explanation of AUC was shown at Table 6.
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Figure -2, Correlation between part of cye score and EC,, Value

values and Draize test are also shown in Table
VII. The rank corrclation coefficients be-
tween ECs, values and the Draize cornea. iris
and conjunctiva total scores were (0.850.
0.844, 0.487 and 0.932, respectively. These

tively. These data suggest that the results of
MATREX'™ may correlate better with the
changes in conjunctiva than the other para-
meters.

The rank corrclation between the ECs,
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four criteria calculated on the basis of scores
at 24 hrs after exposure were 0.848, .833.
0.137 and 0.860 for the rank correlations and
against the results of AUC were (.850. ().814,
(0.744 and 0.850. respectively. Thus, the cor-
relation of total scores. particularly conjunc-
tiva, from Draize test results against ECs,
values was considered to be high.

For the purpose of comparing these results
with those of the other in vitro mcthods
validated in the MHW project, predictability
of MATREX™ ol irritation potential was
also assessed by a linear regression formula
and the maximum total scores for 8 test
chemicals (Figure 2). The results of physiolo-
gical saline and polyoxyethylene POE hyd-
rogenated caster oil were excluded because of
large dcviations of ECs, values of these
substances from those of the other test sam-
ples. The cut-off point was set at MAS fifteen,
at which score damage to the cornca was not
obscrved. Neither false positive nor  false
negative results could be shown by this cal-
culation (Figurc 2). Howcver, the results for
Tween20. PEG monolaurate Lauroyl sarco-
cinate PEG monolaurate and Triton X-100
scemed to deviate from the regression line.
Deviation with Triton X-100 may be related
with its lower protein denaturation activity.
The reason for the other deviations arc
uncertain.
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Figure 3. Effect of different exposure method on ECsy

vialue at Triton X-100

Effect of application method on ECs, value

The distinctive feature of the MATREX™
method was the ability to apply a test chemical
on the surface of the living dermal model. To
determine what kind of differences in results
may occur, we comparcd the results of the
standard MATREX™ mcthod with thosc
obtained by dipping the whole cell matrix in
assay medium containing Triton X-100. The
results arc shown on Figure 3. The ECsg value
obtained by the standard MATREX™
method was 0.034%. On the other hand. the
ECs, value by the dipping mecthod was
0.0024%. Although. both results were clas-
sificd as “severe™ by the MATREX™ clas-
sification sheme, the differences in sensitivity
was rather large. It seemed to be caused by
the differences in the penetration of fthe test
substance into the cell matrix. A couple of
explanations were considered for the differ-
ences in toxicity between the two methods.
Onc possibility is that Triton X-100, which is
known to have low protein denaturation
activity, was quickly passing through the cell
matrix and less damaging to the fibroblasts
comparced to the dipping application method.
The sccond explanation was opposite to the
former explanation: The penctration rate of
the chemical compound considerably was slow
in the standard method. so that, the chemical
could not cxpose to the cells in the MAT-




REX™ collagen gel by the MATREX™
method than the dipping method. Both ex-
planations were based on penetration rate.
Either quick penetration or slow penctration
could make the amount of exposure of Triton
X-100 less than the dipping mecthod. If we
could control pencetration rate in MA'T-
REX™ (o be adjusted to be similar to in vivo
- eye, the detection rehability for eye irritation
potential for the MATREX™ method would
be increased.

In the case of skin irritation, Jackson
suggested that for a chemical having some
degree of cytotoxicity potential but a low
percutanous absorption rate, the cvtotoxicity
of the chemical observed in vitro studies can
be ignored'®. The same thing may apply to
eye irritation; more data are necded to
address this point.

In spite of its rather lower correlation
cocfficient with Draize test. the MATREX'™
method may have an advantage ol being able
to obtain information related to the penetra-
tion of chemicals. We propose to evaluate this
method for these by using wider range of
chemicals during second phase of interlabora-
tory validation.

(Recetved: Julv 14, 1995; accepted October 11,
1995)
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