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Abstract

With the aim of improved prediction of human skin irritation, cytotoxicity
tests were conducted using a reconstituted human dermal model (Skin2TM cul-
tured 3-Dimensional Skin Model, ZK1300 : 3-D model).  A range of water- in-
soluble substances, namely fatty acids, fatty alcohols and hydrocarbons, were
tested with MTT(3-[4,5-dimethyl-thiazol-2-yl]-2,5-diphenyl tetrazolium bromide)
reduction, LDH (lactate dehydrogenase) release and prostaglandin E

2 
(PGE

2
) re-

lease using as cytotoxicity markers.  Results for these parameters were compared
with those obtained from a cytotoxicity test (MTT reduction assay) using cul-
tured monolayers of human dermal fibroblasts (NB1RGB), from a rabbit pri-
mary skin irritation test and from human patch testing.

The MTT reduction assay with the 3-D model proved able to predict human
primary and cumulative skin irritation of the test substances, though the match to
fibroblasts results and rabbit primary skin irritation score was not perfect.  Our
finding also showed little variation with the different cytotoxicity markers ap-
plied in the 3-D model for the present insoluble test substances.

We therefore consider that the MTT reduction assay in the 3-D model is a
reliable method to evaluate the human skin irritation potential of new chemicals.
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Introduction

To assess the human skin toxicity of new
chemicals, the OECD proposed a mammalian
skin corrosion and irritation test method using
white rabbits as described in test guideline No.
404 in 1981.  This test method was slightly modi-

fied in 1992 in response to animal welfare
concerns(OECD Guidelines for Testing of
Chemicals, 1992), but has continued to be ap-
plied for evaluating the human skin corrosion
and irritation risk of new chemicals around the
world.  However, this test using animals has re-
cently been further criticized in relation to the
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issue of animal welfare.
There is therefore great interest in establish-

ing an alternative to reduce the use of animals,
and many investigators have proposed various
approaches for predicting the potential of chemi-
cals to cause skin irritation.  These include cyto-
toxicity tests using cultured monolayer cells such
as normal human keratinocytes (Dickson et al.,
1994, Muller-Decker et al., 1994, Laurence et
al., 1996, Shibata et al., 1997), an immortalized
human keratinocyte cell line (HaCaT: Wilhelm
et al., 1994, Brosin, 1997), normal human
fibroblasts(Shin et al., 1996), a human epithe-
lial cell line(Konishi, et al., 1977a, 1977b), and
other cells (Jain, et al., 1992, Kotani et al., 1994,
Clare and Cormak, 1996, DeLeo, et al., 1996).
The data have shown a good correlation with in
vivo data, at least with surfactants, but the reli-
ability is questionable and there are limitations
to the use of isolated cells for the assessment of
skin irritation as described by Chamberlain and
Earl(1994).  Thus the absence of a stratum cor-
neum can lead to overestimation of irritation
potential, and the lack of other cell types present
in normal skin such as Langerhans cells and
macrophages means that immune and inflamma-
tory responses can not be taken into account.
Furthermore, cell-cell interactions have not been
considered in these in vitro assays. Substances
that are poorly soluble or insoluble in aqueous
media are also not compatible with the cell cul-
ture system and therefore may not be evaluated
(Jacobs, 1989).

To address the disadvantages of in vitro meth-

ods, a reconstituted human dermal model and
skin explants have recently been used to inves-
tigate the mechanisms of skin irritation (Oliver,
et al., 1988, Li, et al, 1991, Gay et al., 1992,
Slivka and Zeigler, 1993, Monterio-Riviere, et
al., 1997).  Many papers have dealt with their
values as test systems, and a good correlation
with in vivo results has been reported (Botham,
et al., 1992, Laska, et al., 1992, Osborne and
Perkins, 1994, Rouguet, et al., 1994, Pierard,
1995, Kotani et al., 1996, Kojima, et al., 1996,
Monterio-Riviere, et al., 1997, Morota, et al.,
1997).  However, many of the test substances
used were aqueous like surfactants, acids, alka-
lis, and the applicability for water-insoluble sub-
stances has remained unclear.

We have therefore carried out extensive cy-
totoxicity tests using a reconstituted human der-
mal model (Skin2TM cultured 3-Dimensional Skin
Model, ZK1300 : 3-D model) with water-in-
soluble substances, namely fatty acids, fatty
alcohols and hydrocarbons(paraffin) and three
markers - MTT(3-[4,5-dimethyl-thiazol-2-yl]-
2,5-diphenyl tetrazolium bromide) reduction,
LDH(lactate dehydrogenase) release and pros-
taglandin E

2
(PGE

2
) release.  The obtained results

were compared with those for cytotoxicity (MTT
reduction assay) using cultured monolayer hu-
man dermal fibroblasts(NB1RGB: fibroblasts) ,
the rabbit primary skin irritation test, and the hu-
man patch test(cumulative: Stillman, et al., 1975,
primary: Sato et al, 1996).

Fatty acids

C6
C 8
C10
C12
C14
C16
C18
C20
C22

Fatty  alcohols Hydrocarbons (Paraffins)

Hexanoic acid
Caprylic acid
Capric acid
Lauric acid
Myristic acid
Palmitic acid
Stearic acid
Arachidic acid
Behenic acid

n-Hexanol
1-Octanol
n-Decanol
Lauryl alcohol
1-Tetradecanol
Cetyl alcohol
Stearyl alcohol
1-Eicosanol
1-Dcosanol

n-Hexane
n-Octane
n-Decane
n-Dodecane
n-Tetradecane
n-Hexadecane
n-Octadecane
n-Eicosane
n-Docosane

Table 1.  Test substances used.

Carbon 
chain 
length
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Materials and Methods

Test substances

The twenty-seven water-insoluble test sub-
stances employed are listed in Table 1.  Linear
fatty acids with a purity >99% were obtained
from Sigma, New York, USA. Fatty alcohols and
hydrocarbons(C6-C22) with a purity >95% were
supplied by Tokyo Kasei Kogyo, Tokyo, Japan.

Test methods

1. Skin2TM cultured 3-Dimensional Skin
Model, ZK1300(3-D model)

The 3-D model, which simulates human skin,
is produced by Advance Tissue Science, CA,
USA, and supplied in Japan by Oriental Yeast
Industries Co. Ltd., Tokyo.  This model main-
tains barrier functions, and consists of a living
human dermis and epidermis.  Fibroblasts de-
rived from neonatal human foreskins are seeded
on nylon mesh.  After four weeks in culture, the
cells attach and naturally secrete their own
growth factors and extracellular matrix proteins
such as collagen.  Epidermal keratinocytes are
seeded onto this dermal tissue, which grow into
a functional multilayered epidermis overlaid with
stratum corneum (Slivka and Zeigler, 1993).  We
used a kit supplied by Oriental Yeast Industries
Co. Ltd., which contains this model, assay me-
dium, and MTT.

Test substances were dispersed in vaseline
(Sun White P-200, Nikko SC Corp., Tokyo ) and
50 mg was applied on 1 x 1cm2 filter paper (ap-
plication pad : kit component).  Papers with test
substances were placed upon the 3-D model, and
the entire structure then placed on membrane
filters.  Under each membrane filter, 1 ml of as-
say medium was added to wells of 24 well-plates
(Falcon, Becton Dickinson Labware, Tokyo) and
culture was for 24 hr at 37 C˚ in a 5 % CO

2
 envi-

ronment (Tabai Espec, Osaka, Japan).  After this,
the models were placed in culture medium con-
taining MTT at 0.5 mg/ml after washing with
phosphated buffer saline (pH 6.8).  Two hours
later the resultant MTT formazan crystals were

solubilized in 200 µl of isopropanol and the ab-
sorbance was measured at 540 nm with a
microplate reader (Emax, Molecular Devices,
Menlo Park, CA, USA).  The ratio of the MTT
reading of treated vs. non-treated cells was de-
termined and the MTT

50
 value was calculated

based on duplicate dose-response curves (MTT
reduction assay, Mosmann, 1983).  Media and
MTT in kit form, and LDH (lactate dehydroge-
nase) and prostaglandin E

2
(PGE

2
) determination

test kits were supplied by Advanced Tissue Sci-
ence.

2. Cytotoxicity test (MTT reduction assay)
using human dermal fibroblasts (NB1RGB: fi-
broblasts)

Cytotoxicity for normal human skin fibro-
blasts (NB1RGB, Riken Cell Bank, Tukuba,
Ibaraki, Japan) was evaluated by the MTT re-
duction assay (Sigma, St. Louis, MO, USA).  The
cell doubling time was 24 hr and the culture
medium was hormone-free RITC 80-7 (Yamane,
et al, 1981) supplemented with 10% fetal bo-
vine serum. (FBS, Boehringer Mannheim
Yamanouchi, Tokyo).  A 100 µl suspension of 4
x 103 cells/ml was added to 96 well-plates (Fal-
con) and cells were incubated for 3 days at 37
C˚ in a 5% CO

2
 environment.  Test substances

were dissolved or suspended in DMSO (Wako
Pure Chemical, Co., Ltd., Osaka, Japan), added
to medium and the dispersed using a sonicator.
The final concentration of DMSO in the medium
was 0.5 %(w/v).  Solutions of each substance
were placed in five or six wells per concentra-
tion.  Control cells were exposed to 0.5 % DMSO
in medium.  After 48 hr, solutions were replaced
with new medium containing 0.5 mg/ml MTT
and the MTT

50
 determined as for the 3-D model.

3. Primary skin irritation test with rabbits
Three Japanese white female rabbits with a

weight of 2.9 to 3.5 kg were used for each test
substance.  The rabbits were shaved on the trunk
and lateral areas.  One hundred-fifty mg of test
substances at different concentrations (%: w/w),
dispersed in vaseline, were applied to intact skin
under 1.7 cm diameter gauze patches.  After 24
hr the patches were removed and the skin re-
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Fig. 1.  Comparison of Draize rabbit primary skin score and MTT
50

 values obtained with the 3-D model
and with fibroblasts.

(a) Fatty acids, (b) Fatty alcohols, (c)Hydrocarbons
MTT

50
 : The ratio of the MTT reading of treated vs. non-treated cells was determined and values

were calculated based on duplicate dose-response curves.  The zero point for the MTT
50

 is at the top of
vertical line, and the bottom of vertical line shows no data that were obtained in the experiments.

Draize score : The average score was calculated at each time for each substance, and the maximum
value was used as the rabbit Draize score.
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sponse was scored for erythema and oedema for
each rabbit at 1 and 24 hr after the removal
(Draize et al, 1944, Food and Drug Administra-
tion, 1959).  The average score was calculated
at each time for each substance and the maxi-
mum value was used as the Draize score.

Results

1. Fatty acids
The results of the three assay for fatty acids

of carbon length 6 to 22 are shown in Fig. 1-a.
The zero point for the MTT

50
 is at the top of ver-

tical line, as low MTT
50 

value shows strong irri-
tation.  The bottom of vertical line shows no data
that were obtained in the experiments.

The MTT
50

 peak in the 3-D model was in the
C8-C14 range, while there were two peaks with
the fibroblast assay, one in the C10-12 and the
other in the C16-18 range. Peak rabbit irritancy
was seen in the C12-C14 range.  We compared
the 3-D model data with 24 hr occluded human
skin irritation data (Sato et al., 1996) and 10 day
cumulative findings (Stillman, et al., 1975) for
fatty acids.  Twenty-four hr occluded human skin
patch test data for 1 M fatty acids are shown as
positive ratios (%: average x 100, n=20).  The
cumulative human skin irritation data are for cu-
mulative numbers of subjects responding in
patch tests to application of 0.5 M fatty acids for
10 days (tested with a total of 10 subjects).  Peak

irritancy was detected with C8-12 as shown in
Fig. 2.  The cytotoxicity pattern with the 3-D
model results was similar to that with the hu-
man skin irritancy test.

2. Fatty alcohols
The results with the three assay methods for

fatty alcohols of carbon length 6 to 22 are given
in Fig. 1-b.   For the 3-D model, the peak MTT

50

values occurred over the C6-C10 range.  With
the fibroblast assay, a strong positive response
was seen in the C10-18 range. For rabbit skin,
peak irritancy was seen with C10, and decrease
was observed with increasing carbon chain
length.  The peak human skin irritation for 1 M
fatty alcohols occurs with C8, and irritancy of
C12 and C16 is zero (data not shown: Sato et
al., 1996).  The fibroblast assay gave a clearly
different pattern from that observed with the hu-
man irritancy test.  The cytotoxicity pattern of
the fatty alcohols in the 3-D model more clearly
resembled the pattern of human skin irritancy
than that for rabbit skin irritancy.

3. Hydrocarbons
The results with the three current assays of

hydrocarbons of carbon length 6 to 22 are shown
in Fig. 1-c.  There was no clear peak and little
response was evident in any of the three assays.
The human skin irritancy for 1 M hydrocarbons
was also zero (data not shown: our data).  There-
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Fig. 2.  Comparison of human patch test results with MTT
50

 values obtained from the 3-D model.
The cumulative human skin irritation data show numbers of subjects responding in the patch test to

application of 0.5 M fatty acids for 10 days(tested with a total of 10 subjects).  These data were obtained
from Stillman, et al. (1975)

Human skin scores for fatty acids were obtained from Sato et al., 1996.  Twenty-four hr occluded
human skin patch test data for application of 1 M fatty acids are shown as positive ratios(%: average
x100, n=20).

MTT
50

 : The ratio of the MTT reading of treated vs. non-treated cells was determined and the value
of MTT

50
 was calculated based on duplicate dose-response curves.

fore, in relation to human irritancy, the 3-D
model and the fibroblast assay did not show same
patterns.

4. Comparison of the three cytotoxicity mark-
ers in the 3-D model

In the 3-D model treated with fatty acids, com-
parison of the MTT reduction (MTT

50
), the

amount of LDH release due to damage of cell
membranes, and the amount of PGE

2
 produced

revealed consistent results for all three (see Fig.
3). Similar trends for the MTT reduction assay
for both release parameters with cytotoxicity
peaks in the C8-C12 range.  The patterns for cy-
totoxicity markers were also similar for the re-
sponse to fatty alcohols and hydrocarbons (data
not shown).

Discussion

With in vitro methods, the ultimate aim is to
replace animal toxicological testing.  However,
it is of prime importance that the level of safety
evaluation of chemical hazard is not compro-

mised.  Thus, before utilizing any particular in
vitro test, it is necessary that it is  adequately
validated.  In this study, we set out to validate
cytotoxicity testing using a 3-D model to pre-
dict skin irritation of insoluble test substances.

Many authors have reported that reconstituted
human dermal models and skin explants are use-
ful for evaluating skin irritation.  Good correla-
tion have been demonstrated with the skin irri-
tation category and such model are able to evalu-
ate corrosive and strong irritants (Botham, et al.,
1992, Laska, et al., 1992, Osborne and Perkins,
1994, Rouguet, et al., 1994, Pierard, 1995, Kotani
et al., 1996, Monterio-Riviere, et al., 1997).  The
European Center of Validation Acceptance Meth-
ods (ECVAM) prevalidated three in vitro corro-
sive tests with reconstituted human dermal model
and skin explants (Botham, 1995) and four skin
corrosive tests -three of which employing recon-
stituted human dermal model and skin explant-
have been validated for skin corrosivity
(ECVAM News & Views, 1997).  Thus these
methods are useful to predict whether chemicals
are corrosive.
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In the present examination of insoluble test
substances and mild or moderate irritants, the 3-
D model results matched reasonably well with
human skin irritancy but not with rabbit skin ir-
ritancy.  However, as it is reported that rabbit
skin is more sensitive to irritants than that of
guinea pig, rat or man, the existence of false
positives may be expected (Motoyoshi, et al.,
1978).

Monolayer cells have advantages when a
chemical is soluble in aqueous media, but poorly
soluble or insoluble chemicals are difficult to
apply in culture medium.  Our data obtained from
cytotoxicity tests of a series of insoluble sub-
stances using fibroblasts, did not match of the
results of in vivo and 3-D models.  Thus the ap-
plicability of cultured monolayer cells may be
limited.

The issue of selecting a relevant cytotoxicity

marker for in vitro testing is an important one.
Using multiple cytotoxicity markers is inefficient
in terms of time and cost.  In considering irrita-
tion response, it is reasonable to select markers
which are known chemical mediators of skin ir-
ritation, such as interleukin, interferon or pros-
taglandins.  For acute exposure, it is reported
that cytotoxicity in monolayer cells (Cohen, et
al., 1991, Korting, et al., 1994, Shibata, et al.,
1997) differs from the dose-response in terms of
cytotoxic markers.  Our results demonstrated
little variation in the profiles of the three param-
eters chosen

 
for fatty acids, fatty alcohols and

hydrocarbons in the 3-D model (Fig. 3).  This is
consistent with data on MTT reduction, LDH and
interleukin-6 release in equivalent dermis treated
with strong irritants (Augustin and Damour,
1995).  The results for interleukin -1αrelease
may, however, differ from those for the MTT
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Fig. 3.  Comparison of MTT
50,

 LDH release and PGE
2
 release values for fatty acids in the 3-D model.

Open triangles show LDH(lactate dehydrogenase) data, closed squares show MTT
50

 , and open circles
show PGE

2
(prostaglandin E

2
) data.  The ratio of the MTT reading of treated vs. non-treated cells was

determined and the value of MTT
50

 was calculated.  The data, excluding MTT
50

 , show the lowest con-
centrations of fatty acids inducing 0.1U and 10 ng/ml, respectively of LDH and PGE

2
 release into the

medium.
Media and MTT in kit form, and LDH and PGE

2
 determination test kits were supplied by Advanced

Tissue Science.
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reduction, LDH release and PGE
2
 release in the

3-D model as found for petroleum based test
materials (Koschier et a., 1994).  Our data sug-
gest that MTT reduction may be useful as an eco-
nomic, rapid and simple end-point.

In conclusion, cytotoxicity testing using the
present 3-D model appears to be reliable for pre-
dicting human skin irritation activity of insoluble
fatty acids, fatty alcohols and hydrocarbons.  Fur-
ther studies are required to evaluate the method
as a general screening tool.

human keratinocytes in vitro: predictive assessment
of cutaneous irritation, Toxicology in Vitro, 5(5/6),
407-410.

Deleo, V. A., Carver, M. P., Hong, J., Fung, K., Kong, B.
and Desilva, S. (1996) Arachidonic acid release: an in
vitro alternative for dermal irritancy testing, Food and
Chemical Toxicology, 34(2), 167-176.

Dickson, F. M., Laurence, J. and Benford, D. J. (1994)
Cytotoxicity of 12 chemicals of known human and
animal skin irritation potential in human keratinocyte
cultures, Toxicology in Vitro, 8(4), 661-663.

Draize, J. H., Woodard, G. and Calvery, H. O.(1944) Meth-
ods for the study of irritation and toxicity of substances
applied topically to the skin and mucous membranes,
Journal of Pharmacology and Experimental Therapeu-
tics, 82, 377-390.

ECVAM News & Views(1997) ATLA, 25, 491-494.
Food and Drug Administration (1959) Appraisal of the

safety of chemicals in foods, drugs and cosmetics by
the staff of the Division of Pharmacology, Food and
Drug Administration, Department of Health, Educa-
tion and Welfare, 48-52, FDA Officials of US Busi-
ness Office Topeka, Kansas, USA.

Gay, R., Swiderek, M., Nelson, D. and Ernesti, A. (1992)
The living skin equivalent as a model in vitro for rank-
ing the toxic potential of dermal irritants, Toxicology
in Vitro, 6(4), 303-315.

Jacobs, G. A., Castellazzi, A. and Dierickx, P. J. (1989)
Evaluation of a non-invasive human and an in vitro
cytotoxicity method as alternatives to the skin irrita-
tion test on rabbits, Contact Dermatitis, 21, 239-244.

Jain, P. T., Fitzpatrick, M. J., Phelps, P. C., Berezesky, I.
K. and Trump, B. F. (1992) Studies of skin toxicity in
vitro: Dose-response studies on JB6 cells, Toxicology
Pathology, 20(3), 394-404.

Kojima, H., Mori, E., Hanamura A., Sasaki, T., Manabe,
S., Tanno, K. and Konishi, H. (1996) Alternative to

References

A u g u s t i n ,  C .  a n d  D a m o u r ,  O .  ( 1 9 9 5 )
Pharmacotoxicological applications of an equivalent
dermis: three measurements of cytotoxicity, Cell Bi-
ology and Toxicology, 11,167-171.

Boelsma, E., Tanojo, H., Bodde, H. E. and Ponec, M.
(1996) Assessment of the potential irritancy of oleic
acid on human skin: evaluation in vitro and in vivo,
Toxicology in Vitro, 10, 729-742.

Botham, P. A., Hall, T. J., Deneit, R., McCall, J. C.,
Basketter, D. A., Whittle, E., Cheesmen, M., Esdaile,
D. J. and Gardner, J. (1992) The skin corrosivity test
in vitro results of an inter-laboratory trial, Toxicology
in Vitro, 6(3), 191-194.

Botham, P. A, Chamberlain, M., Barratt, M. D., Curren,
R. D., Esdaile, D. J., Gardner, J. R., Gordon, V. C.,
Hildebrand, B., Lewis, R. W., Liebsch, M., Logemann,
P., Osborne, R., Ponec, M., Regnier, J-F., Steiling, W.,
Walker, A. P. and Balls, M. (1995) A prevalidation
study on in vitro skin corrosivity testing, The report
and recommendations of ECVAM workshop 6, ATLA,
23, 219-255.

Brosin, A., Wolf, V., Mattheus, A. and Heise, H. (1997)
Use of XTT-assay to assess the cytotoxicity of differ-
ent  surfac tants  and meta l  sa l t s  in  human
keratinocytes(HaCaT), Acta. Derm. Venereol., 77, 26-
28.

Chamberlain, M. and Earl, L. (1994) Use of Cell Cultures
in Irritancy Testing, in” In Vitro Skin Toxicology” by
Rougire, A., Goldberg, A. M. and Maibach, H. I., 59-
67, Mary Ann Liebert, Inc., New York.

Clare, M. G. and Cormark, H. L. (1996) Can in-vitro as-
says predict chemically-induced skin damage?,
Inflammopharmacology, 4, 195-204.

Cohen, C., Dossou, G., Rougier, A. and Roguet, R. (1991)
Measurement of inflammatory mediators produced by

Acknowledgments

We are grateful to Oriental Yeast Industries
Ltd. for supplying the Skin2TM ZK1300 kit, to
Mr. Eiji Mori for his technical assistance, and to
the Second Group of the Japanese Society for
Cutaneous Health, Kyoto, Japan for the use of
human patch test data on fatty acids.  We also
thank Munksgaard International Publishers Ltd.,
Copenhagen, Denmark for granting permission
to reuse data from Contact Dermatitis.



– 209 –

skin irritation testing using 3D-Histoculture, J. Soc.
Cosmet. Chem. Japan, 30(4), 402-409.

Konishi, H., Inoue, Y., Ando, K., Kobayashi, M., Tokuda,
Y. and Takase, Y. (1977a) Cyto-toxic test of surfac-
tants on cultured human epithelial cells: an in vitro
test method for evaluating irritancy of surfactants I.
Nonionic surfactants, The Shinsyu Medical Journal,
25(3), 246-258.

Konishi, H., Inoue, Y., Atsumi, T., Ando, K., Kobayashi,
M., and Takase, Y. (1977b) Cyto-toxic test of surfac-
tants on cultured human epithelial cells: an in vitro
test method for evaluating irritancy of surfactants II.
Anionic surfactants, The Shinsyu Medical Journal,
25(3), 259-270.

Korting, H. C., Schindler, S., Hartinger, A., Kerscher, M.,
Angerpointner, T. and Maibach, H. I. (1994) MTT-as-
say and neutral red release (NRR) -assay: relative role
in the prediction of the irritancy potential of surfac-
tants, Life Science, 55(7),533-540.

Koschire, F. J., Roth, R. N., Stephens, T. J., Spence, E. T.
and Duke, M. A. (1994) In vitro skin irritation testing
of potential of petroleum-based compounds in recon-
stituted human skin models, J. Toxicol. -Cut. & Ocu-
lar Toxicol., 13(1), 23-37.

Kotani, M., Masamoto, Y. and Watanabe, M. (1994) An
alternative study of the skin irritant effect of an ho-
mologous series of surfactants, Toxicology in Vitro,
8(2), 229-233.

Kotani, M., Masamoto, Y. and Watanabe, M.(1996) An
alternative study of the skin irritant effect of surfac-
tants, J. Soc. Cosmet. Chem. Japan, 30(1), 62-70.

Laska, D. A., Poulsen, R. G., Horn, J. W., Meador, V. P.
and Hoover, D. M. (1992) An evaluation of
TESTSKINTM: An alternative dermal irritation model,
In Vitro Toxicology, A Journal of Molecular and Cel-
lular Toxicology, 5(4), 177-189.

Laurence, J. N., Starkey, S., Dickson, F. M. and Benford,
D. J. (1996) Use of human and rat keratinocyte cul-
tures to assess skin irritation potential, Toxicology in
Vitro, 10, 331-340.

Li, L., Margolis, L. B. and Hoffman, R. M. (1991) Skin
toxicity determined in vitro by three-dimensional, na-
tive-state histoculture, Proc. Natl. Acad. Sci., USA,
88, 1908-1912.

Monterio-Riviere, N. A., Inman, A. O., Snider, T. H.,
Blank, J. A. and Hobson, D. W. (1997) Comparison of
an in vitro skin model to normal human skin for der-
matological research, Microscopy Research and Tech-
nique, 37, 172-179.

Mosmann, T. (1983) Rapid colorimetric assay for cellular
growth and survival, Journal of Immunology Meth-
ods, 65, 55-63.

Motoyoshi, K., Toyoshima Y., Sato, M. and Yoshimura,
M. (1978) Comparative studies on the irritancy of cos-
metic oils to the skin of rabbit, guinea pig, rat, minia-
ture swine and man, J. Soc. Cosmet. Chem. Japan,
12(1), 31-38.

Muller-Decker, K., Furstenberger, G. and Marks, F. (1994)

Keratinocyte-derived proinflammatory key mediators
and cell viability as in vitro parameters of irritancy : a
possible alternative to the Draize skin irritation test,
Toxicology and Applied Pharmacology, 127, 99-108.

OECD Guidelines for Testing of Chemicals (1992)  Acute
dermal irritation/corrosion, 404, Paris, France: OECD

OECD Test Guidelines Programme, Options for a testing
strategy for the testing of skin and eye irritancy (1996)
Final report of the OECD workshop on harmonization
of validation and acceptance criteria for alternative
toxicological test methods, 18th-19th September 1996,
the Chateau de la Muette, Paris: OECD.

Oliver, G. J. A., Pemberton, M. A. and Rhodes, C. (1988)
An in vitro model for identifying skin-corrosive chemi-
cals. I. Initial validation, Toxicology in Vitro, 2(1), 7-
17.

Oliver, G. J. A., Pemberton, M. A. and Rhodes, C. (1990)
An in vitro skin corrosivity test: modification and vali-
dation, Food and Chemical Toxicology, 24, 507-512.

Osborne, R. and Perkins, M. A. (1994) An approach for
development of alternative test methods based on
mechanisms of skin irritation, Food and Chemical
Toxicology, 32(2), 133-142.

Pierard, G. E., Goffin, V., Hermanns-Le, T., Arrese, J. E.
and Piernard-Franchimont, C. (1995) Surfactant-in-
duced dermatitis: comparison of corneosurfametry
with predictive testing on human and reconstructed
skin, Journal of the American Academy of Dermatol-
ogy, 33(3), 462-469.

Roguet, R., Cohen, C., Dossou, K. G. and Rougier, A.
(1994) Episkin, A reconstituted human epidermis for
assessing in vitro the irritancy of topically applied com-
pounds, Toxicology in Vitro, 8(2), 283-291.

Sato, A., Obata, K., Ikeda, Y., Ohkoshi, K., Okumura, H.,
Ozawa, N., Ogawa, T., Katsumura, Y., Kawai, J.,
Tatsumi, H., Honoki, S., Hiramatsu, I., Hiroyama, H.,
Okada, T. and Kozuka, T. (1996) Evaluation of human
skin irritation by carboxylic acids, alcohols, esters and
aldehydes, with nitrocellulose-replica method and
closed patch testing, Contact Dermatitis, 34,12-16.

Shibata, M., Tsuda, T., Itagaki, H., Kato, S., Kobayashi,
T., Ichikawa, H. and Morikawa, Y. (1997) Interleukin-
1α and Interleukin-8 release by human keratinocyte
cell culture treated with surfactants, ATLA, 25,161-
171.

Shin, D.-S., Kim, D.-B., Ryu, S.-R., Lee, S.-H. and Kim,
P.-Y. (1996) In vitro alternatives to skin-irritation tests,
Cosmetics & Toiletries, 111, 61-64

Slivka, S. R. and Zeigler, F. (1993) Use of an in vitro skin
model for determining epidermal and dermal contri-
butions to irritant responses, J. Toxicol.-Cut. & Ocu-
lar Toxicol., 12(1), 49-57.

Stillman, M. A., Maibach, H. I. and Shalita, A. R. (1975)
Relative irritancy of free fatty acids of different chain
length, Contact Dermatitis, 1,65-69.

Wilhelm , K.-P., Samblebe, M. and Siegers, C-P. (1994)
Quantitative in vitro assessment of N-alkyl sulphate-
induced cytotoxicity in human keratinocytes (HaCaT).



Alternative to skin irritation testing

– 210 –

Comparison with in vivo human irritation tests, Brit-
ish Journal of Dermatology, 130,18-23.

Yamane, I., Kan, M., Hoshi, H. and Minamoto, Y. (1981)

Primary culture of human diploid cells and its long-term
transfer in a serum-free medium, Experimental Cell
Research, 134,470-474.


