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Developing a cosmetic product that gives rise to 
few skin disorders is crucial from the consumer 
safety viewpoint, and skin irritation tests are in-
dispensable. Until now, skin irritation tests have 
been performed on both animals and humans 
(CTFA, 1991; JCIA, 2001). At an EU Council 
meeting held in 2004, however, the European 
Council Directive 76/768/EEC was amended for 
the 7th time, banning or restricting the marketing 
of products, the ingredients of which have been 
tested on animals (European Commission, 2004).  
According to the schedule announced then at the 
EU, skin irritation testing using animals will be 
completely phased out by March 11th, 2009, and 
so an alternative to conventional testing methods is 
urgently needed. (European Commission, 2004). In 
consideration of this situation, I will comment in 
this paper on the purpose of alternative testing 
methods, as well as their present situation and ne-
cessity. 
 
1. History of in vivo skin irritation testing 
In 1944, Dr. Draize published the results of a skin 
irritation test using rabbits; his aim was to identify 
chemical hazards to human skin (Draize, et al., 
1944; US Food and Drug Administration, 1959). 
The US Federal Register subsequently published 
revised versions of this test (Fed. Reg., 1972, 
1978), and it was finally accepted as part of OECD 
Test Guideline 404 in 1981. This guideline was 

revised in 1992, and a new evaluation method us-
ing one animal in the initial test and two additional 
animals in the confirmatory test was proposed, as a 
result of discussions pertaining to quantitative 
structure-activity relationships (QSAR) and 
physiological and toxicological information 
(OECD, 1996a). Recently, a new revision was 
made, and a new assay was introduced for use in a 
possible alternative testing method (OECD, 2002). 
In Japan, this test using animals such as rabbits or 
guinea pigs was welcomed as a method of safely 
developing new cosmetics, as the ingredients re-
quire pre-screening in order to assess the health 
risks involved (Guide to Quasi-drugs and Cosmet-
ics Regulation in Japan, 2001). However, the skin 
response of rabbits and guinea pigs is more acute 
than that of humans, and so many chemicals have 
been classified as false positives (Philips, et al., 
1972; Nixon, et al., 1975; Motoyoshi, et al., 1979). 
Despite the limitations inherent in this test, we 
have depended on it to the detriment of other ade-
quate methods (Kondo, 1984).  

  On the other hand, the occluded patch test is 
an important method of evaluating the sensitivity 
of the human skin to chemicals; human volunteers 
are used and it allows the prediction of the risks 
involved in the cosmetic use of certain chemicals 
through pre-clinical evaluations regarding dose, 
duration, and type of exposure; it also allows the 
development of new ingredients and products 
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(Fregert, 1981; Guide to Quasi-drugs and Cosmet-
ics Regulation in Japan, 2001; JCIA, 2001). Re-
cently, Dr. Basketter has proposed a 4-hr closed 
patch test for identifying skin hazards as an alter-
native to the testing prescribed by OECD Test 
Guideline 404 (OECD, 1997; Basketter, et al., 
2004).   
 
2. Present situation of in vitro skin irritation 
testing 
In order to develop an alternative to conventional 
skin irritation tests, a trial using cultured 
monolayer cells was carried out (Konishi, et al., 
1977a, 1977b) but a skin equivalent or cultured 
skin is used by most researchers trying to find al-
ternative ways of testing skin irritants. The results 
for monolayer cells revealed a significant correla-
tion with those of the skin equivalent and cultured 
skin (Kojima, et al., 2000; Faller, et al., 2002). De-
tailed explanations of these results can be found in 
other papers (Chamberlain and Earl, 1994; Ashi-
kaga and Itagaki, 1999; Eun, et al., 2000, Kojima, 
2005). 
    Today, these methods, continuously validated 
and peer-reviewed as they are progressively re-
fined, are being developed into a viable alternative 
to conventional skin irritation tests. There are 
many papers reporting the investigations being 
conducted by ECVAM (European Centre for the 
Validation of Alternative Methods), but the final 
validation has not yet been granted (Botham, 2004; 
Fentem, et al., 2004). 
    In Japan, a validation committee of the Japa-
nese Society for Alternatives to Animal Experi-
ments (JSAAE) has been conducting its own vali-
dation study of alternative skin irritation tests since 
1999. A few testing models already on the market 
in Japan have been validated repeatedly (Sonoda, 
et al., 2002). A comparison of the validation efforts 
by ECVAM and JSAAE reveals a large difference 
as to the purpose of validation. The ECVAM vali-
dation focuses on the identification of chemical 
hazards, as an alternative to the “acute dermal irri-
tation/corrosion” of OECD Test Guideline 404, 
while the JSAAE validation is mainly concerned 
with risk assessment, i.e., the methods used to pre-
dict the effects of the chemical ingredients of cos-
metics through pre-clinical evaluation. 
 
 
3. Important in vivo data for establishing an 
alternative method 
What is the most important issue in establishing an 

alternative method? There are many milestones to 
consider in a validation study, such as the comple-
tion of a protocol, reproducibility and repeatability 
(OECD, 1996b; NIEHS, 1997). Especially impor-
tant are in vivo data, which must be viewed as the 
“gold standard” to which in vitro data are com-
pared. It has been reported that the death rates of 
mice subjected to oral acute toxicity tests differ 
widely between laboratories for the same toxin 
(Ono, 1998). In the Japanese validation of an al-
ternative to conventional eye irritation tests, we 
were not able to find highly reliable in vivo data in 
the literature. Therefore, Dr. Kaneko, et al. have 
collected data acquired under conditions similar to 
those imposed by the OECD guideline and the 
GLP standard (Kaneko, 1996; Ohno, et al.,1999）. 
From these examples, it should be clear that highly 
reliable in vivo data which have been put into prac-
tical use are difficult to find. In the EU, the data-
base regarding skin irritation and corrosion is re-
markable (ECETOC, 1995; Bagley, et al., 1996); 
however, individual data cannot capture the details 
of the differences in background, protocol, SOP 
(standard operation procedure). The testing proto-
col and SOP are sensitive to many factors, such as 
the experience level of the technician, the testing 
conditions, and the GLP criteria in the test labora-
tory. Particularly, skin irritation and skin sensitiza-
tion tests depend on skin response, which is evalu-
ated by a human being, and this evaluation is in-
herently subjective. In my experience, the diagno-
sis of mild erythema or weak oedema of the skin 
depends on various factors such as the closed patch 
test cluster, the nature of the chemical, the types of 
solvent used, and so on. The Draize scale for judg-
ing weak to severe skin irritation spans 8 points 
and a difference of one point is relatively important. 
Therefore, the results are easily influenced by the 
evaluator’s level of specialized education and per-
ceptive acuity. The low reliability of the data ac-
quired in the manner described above renders them 
meaningless. If adequate in vivo data cannot be 
acquired to confirm in vitro data, the success of 
validation is impossible.  
 
4. In vivo data from animal tests 
Next, I would like to discuss the evaluation of the 
results of skin irritation test using animals. In the 
case of severe irritants irrespective of their corro-
sive or non-corrosive nature, the rankings are 
similar for humans and animals, and they show 
high reproducibility (Philips, et al., 1972; Nixon, et 
al., 1975;  Motoyoshi, et al., 1979).   Rabbits are  
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easy to work with because they are behaviorally 
malleable, are easy to care for and have a large 
skin surface. However, the results for weak or 
moderate chemical irritants do not corresponded to 
those in humans. As mentioned, rabbits and guinea 
pigs have very sensitive skin, and many chemicals 
have been classified as false positives. Our results 
confirm this problem. 
    In the JSAAE validation study of alternatives 
to conventional skin irritation tests, 41 common 
ingredients in cosmetics, shown in Table 1, have 
been examined; the rankings according to irritative 
potency (mild, moderate and severe) for humans 
and rabbits are shown in Figure 1. Each testing 
condition, such as number, patch test cluster, etc. 
was different, but the subjects were tested accord-
ing to the standard testing method. The testing on 
rabbits was based on OECD Test Guideline 404 
(OECD, 2002); however, the closed patch period 
was set to 24 hrs. The human patch test was based 
on the standard Japanese prospective experiment, 
that is, 24-hr occluded closed patch testing 
(Kawamura, et al., 1970; JCIA, 2001).  In our 
laboratory, experts who are not doctors but have 
much professional experience and have been 
trained in dermatology have evaluated the skin 
responses. Therefore, I consider the accuracy of 
these data to be high. As shown, the results for 
humans and animals do not correspond and have 
low reproducibility for about 8 mild, moderate or 
severe irritants to the human skin, as shown in 
Figure 1-a. We conducted a skin irritation screen-
ing using the results obtained on animals. It might 
be useful to identify corrosive hazards by compar-
ing in vitro and animal results (OECD, 430, 431). 
But it is difficult to predict mild or severe irritants 
based on these results.   
The human safety aspect is crucial nothing more. 
Therefore, considerable energy must be spent on 
establishing alternative testing methods, as the EU 
deadline is approaching fast. In evaluating skin 
irritation, we are fortunate to be able to utilize data 
from human patch tests.  I believe that compari-
sons with of animal test results should be avoided, 
in order to prevent ambiguity.  
 
5. In vivo data from human volunteers 
Lately, a few researchers (Augustin, et al., 1998; 
Roguet, et al., 1998; Perkins, et al., 1999) have 
obtained good correlations in comparisons of data 
acquired from human patch tests and cul-
tured-epidermis models (EpiskinTM or EpiDermTM). 
Although human data ought to be used to develop 

an alternative to conventional skin irritation tests, 
it is difficult to perform human testing correctly. 
First, a proper clinical procedure is necessary: the 
rights of the volunteers must be given due consid-
eration and a protocol must be conceptualized, 
given final form, and checked.  Second, the 
evaluator must be properly qualified. The Japanese 
skin irritation study group has revealed that the 
data provided by various researchers differ widely 
(Kawai, et al., 2003). It seems that evaluators had 
difficulties in evaluating not only mild or moderate 
skin response, but also reactions to non-irritants or 
severe irritants, generating a total lack of agree-
ment. As stated by Dr. Basketter, the special-
ized-education level of patch-test evaluators is ex-
tremely important (Basketter, et al., 1997). Our 
group also considers this an important issue; we 
believe that evaluation will be improved if color 
atlases are published to enable evaluators to recog-
nize various skin responses, seminars are held for 
the wider public and opportunity is given for spe-
cialized education (Kawai, 2004). 

  Lastly, the fact that skin response is individual 
is a major problem.  The differences in individual 
human skin response are greater than in animal 
models. Although 1% SLS solution is a moderate 
skin irritant, some people show no response to 
closed patch testing with 10% solution, while oth-
ers show severe response to 0.1% solution. The 
range of individual toxicological response covers 
one order of magnitude, whereas the difference in 
skin response covers two orders of magnitude. 
Therefore, results judged by evaluators with little 
specialized education are not reliable; such 
evaluators will not only subject volunteers to un-
necessary pain, but also waste resources and time. 
   On the other hand, Transepidermal water loss 
(TEWL) is often used as a marker of human skin 
damage. Data are obtained automatically (on a 
machine) and are easily processed. However, these 
data are widely different from subject to subject 
and test conditions. Furthermore, the validation of 
this machine and the afferent method is not un-
derway. One more aspect would be that changes in 
the skin surface are not automatically caused by 
skin irritations, and a machine cannot decide 
whether or not there is a relationship. Are the data 
obtained by this method adequate for carrying out 
comparisons with in vitro data? As in vivo data are 
obtained from human volunteers, they can be used 
in repeated open application test and control tests, 
as described by Dr. Waker (Waker, et al., 1996, 
1997).   But these methods are not internationally  



Kojima H, Considerations for an alternative to skin irritation testing, AATEX 11(1), 31-38, 2005 

 35

Fig. 1. Comparison of the results in primary skin irritation test using human, guinea pig and rabbit.  
      The cosmetic ingredients at more than 0.2 of Maximal average score show in Fig 1-a.  
      The cosmetic ingredients at more than 2.0 of Maximal average score show in Fig 1-b.  
      Abbreviations are shown in Table 1.     

standardized, and the database is insufficient. 
These are some of the further problems besetting 
in vivo data. 

Although compliance with the 7th amendment 
to the EU Directive on animal welfare is important, 
is there another reason to develop an alternative 
method? What comparison between in vivo and in 
vitro data is sufficiently accurate?  My conclusion 
is that an alternative to conventional skin irritation 
testing should focus on assessing the health risk 
associated with a given chemical and its dose 
which induce mild or moderate irritation in hu-
mans. . We should abide by the GLP and GCP 
standards, which require technicians and evalua-
tors to undergo specialized education. 

In order to evaluate the health hazards posed 
by corrosive chemicals, in vitro testing adapted to 
the OECD guideline should be used (OECD, 430, 

431). Such a method is useful for the identification 
of the type of hazard posed by a given chemical. 
Furthermore, Robinson, et al. have presented a 
strategy of assessing risk using an in vitro assay. 
However, is an in vitro test necessary to evaluate 
severe irritation caused by a non-corrosive chemi-
cal?  Sometimes it is difficult to judge by in vitro 
testing if a chemical is a severe irritant or a corro-
sive. What is the exposure frequency at which a 
chemical becomes a severe irritant or a corrosive? 
Can these tests always distinguish irritation from 
corrosion? In my opinion, in vitro testing can de-
termine severe irritants.    
   As described above, the ECVAM validation 
study of alternatives to conventional skin irritation 
tests focuses on the classification of a given 
chemical under various categories of hazard (EU, 
1997). But I insist that alternative methods are only 
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useful for risk assessment: to predict the adequate 
dose, duration, frequency, area of the body, and the 
type of exposure or product, etc. Therefore, the 
JSAAE is of the opinion that the purpose of de-
veloping alternatives to conventional skin irritation 
tests is to address the issue of the risks involved in 
the cosmetic use of various chemicals. 
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