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ABSTRACT — Alternatives to animal testing are being used to assess the safety of raw ingredients dur-
ing the process of developing cosmetics. However, since cosmetic products are composed of a variety of 
raw ingredients, the safety of the product itself should also be tested. In this study, we attempted to eval-
uate the skin irritation potential of skin lotions by modifying existing alternative test methods. To evalu-
ate the skin irritation potential of commercial skin lotions in the form of an objective indicator, we calcu-
lated their Irritation Score (IS) based on the results of searches using keywords related to skin irritation in 
review statements posted on Japanese cosmetics and beauty websites. We then modified the reconstructed 
human epidermis (RhE) test method to evaluate irritation by commercial skin lotions. The results showed 
that exposure to skin lotions with higher ISs tended to result in lower cell viability, and that exposure to 
many of the lotions with lower ISs resulted in higher cell viability. Next, we tried using an in vitro short-
term exposure (STE) test method to assess the skin irritation potential of skin lotions. By changing the 
test-substance exposure concentrations and exposure times in the STE test method, we were able to obtain 
results that correlated with those obtained by the modified RhE test method. In conclusion, both alterna-
tive methods were helpful for assessing the possibility of developing skin irritation of skin lotions. They 
may also be useful for screening formulations being developed and as means of evaluation before pro-
ceeding to human patch tests.
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INTRODUCTION

The safety of cosmetics has been evaluated by ani-
mal testing, but the use of alternatives to animal testing 
has become necessary from the standpoint of animal wel-
fare. Thus, alternative test methods are being developed. 
Cosmetic products are generally composed of more than 
one raw ingredient, each of whose safety has been indi-
vidually verified by these methods. Nevertheless, cos-
metic products sometimes cause adverse events such as 

irritant dermatitis, allergic contact dermatitis, and depig-
mentation (Wolf et al., 2001; Sasaki et al., 2014). Human 
patch tests are also sometimes performed to confirm the 
safety of final cosmetic products. On the other hand, safe-
ty evaluations of mixtures such as final products by using 
alternative test methods have not been well established 
and validated, and few studies have verified the relation-
ship between human adverse events and the results of 
final product evaluations by alternative test methods. The 
OECD TG439 or reconstructed human epidermis (RhE) 
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test method is a skin irritation test that can be applied to 
mixtures of ingredients (OECD, 2021). Safety evaluations 
of cosmetics based on the RhE test have been reported 
(Kose et al., 2018; Ma et al., 2021), but issues concerning 
the conditions for products’ dosage forms have remained. 
Since RhE models are expensive and time-consuming to 
prepare, other alternative test methods need to be consid-
ered.

An in vitro short-term exposure (STE) test method 
(OECD TG491) is an eye irritation test. This test method 
can be applied to mixtures, and one study has shown that 
it can be used to evaluate the eye irritation potential of 
cosmetic products (Abo et al., 2018). The STE test meth-
od uses a monolayer cell culture, and it is assumed to be 
a more sensitive predictor of skin irritation than the RhE 
model, which has a multilayer structure. Based on animal 
testing, a substance that is negative in an eye irritation 
test is generally expected to be negative in a skin irrita-
tion test performed in the presence of a stratum corneum. 
However, there has been very little information regarding 
the use of the STE test method to evaluate skin irritation 
potential.

In this study, we tried to establish test methods that 
can predict the skin irritation potential of cosmetic prod-
ucts in humans by modifying the RhE test method and the 
STE test method. Since cosmetics have multiple formula-
tions that differ in terms of base materials, skin permea-
bility, and irritation, each formulation must be evaluated. 
We began by evaluating water-soluble, easy-to-evaluate 
lotions.

MATERIALS AND METHODS

Posted review analysis
We analyzed reviews of commercial skin lotions post-

ed by users on the comprehensive cosmetic information 
site (@cosme). We then selected 148 commercial skin 
lotions and used their top 50 posted review sentences as 
the subject of our analysis. As shown in Table 1, words 
related to skin trouble, implying skin irritation, were 
extracted, and scored, and the Irritation Scores (ISs) of 
the skin lotions were calculated.

The survey period was May 1-December 25, 2015. 
Whenever there were fewer than 50 posted reviews, we 

calculated the IS per 50 posted reviews by using the  
formula:

IS = Total score/Number of posted reviews × 50.

Materials
We obtained 79 commercially available cosmetic 

skin lotions. The LabCyte EPI-MODEL 24 reconstruct-
ed human cultured epidermal model and assay medi-
um were purchased from Japan Tissue Engineering Co., 
Ltd. (Aichi, Japan). SIRC cells (CCL-60) were obtained 
from DS-Pharma Biomedical Co., Ltd. (Osaka, Japan). 
Distilled water and saline were purchased from Otsuka 
Pharmaceutical Factory, Inc. (Tokushima, Japan). Sodi-
um lauryl sulfate (SLS), 2-propyl alcohol, and Dulbec-
co’s phosphate buffered saline (DPBS) were purchased 
from Wako Pure Chemical Co., Ltd. (Osaka, Japan). 
2-Propyl alcohol and hydrogen chloride (HCl) were pur-
chased from Kanto Chemical Industry Co., Ltd. (Tokyo, 
Japan). 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide (MTT) was obtained from Sigma-Aldrich  
(St. Louis, MO, USA). DPBS was also purchased from 
Thermo Fisher Scientific, Inc. (Waltham, MA, USA).

Cytotoxicity assay in the RhE model
The experiments were performed according to OECD 

TG439 (OECD, 2020), but some procedures were mod-
ified. LabCyte EPI-MODEL 24 was pre-cultured over-
night in an incubator (37°C, 5% CO2). The epidermal sur-
face was exposed to 50 µL of the test substance. The RhE 
model was incubated for 3-42 hr and the test substance 
was then removed by washing with DPBS. No post-cul-
ture treatment was performed.

Tissue samples were placed in medium containing a 
0.5 mg/mL concentration of MTT for 3 hr, and each tis-
sue sample was then immersed in 2-propyl alcohol for 
at least 15 hr to extract MTT formazan. The absorbanc-
es of extracts at 570 nm and 650 nm were measured in 
a microplate reader (EnSpireTM2300, Perkin Elmer Inc., 
Waltham, MA, USA).

The value obtained by subtracting the absorbance at 
650 nm from the absorbance at 570 nm was used as the 
measurement value, and the absorbance of 2-propyl alco-
hol was measured as a blank. Cell viability was calculat-
ed as the ratio of the MTT formazan absorbance of each 
test substance to the absorbance of the negative control 
and expressed as a percentage.

Cell culture
SIRC cells were cultured in Eagle’s minimum essen-

tial medium (Sigma-Aldrich Co.) containing 10% fetal 
bovine serum (FBS), 100 units/mL penicillin, 100 µg/mL  

Table 1.    The Irritation Score (IS) for each type of skin 
trouble in the posted reviews

Score Skin irritation and related symptoms
1 burning/stinging/smarting pain/sensory irritation
3 redness/eczema/inflammation/swelling
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streptomycin, and 2 mM L-glutamine (Thermo Fisher 
Scientific). Cells seeded at a concentration of 6.0 × 103 
cells/well or 3.0 × 103 cells/well in 96-well plate (MS-
8096F, Sumitomo Bakelite Co., Ltd.) and then cultured 
for 4 days or 5 days (37°C, 5% CO2) until confluence was 
achieved.

Cytotoxicity assay in SIRC cells
The cytotoxicity assays in SIRC cells were performed 

according to the OECD TG491 (OECD, 2020) except for 
the following steps. The test substances were dissolved in 
saline to form 10% to 50% (w/w) solutions. Cells were 
exposed to 200 µL/well of the test substances, saline, and 
medium for 5 min to 20 min. The test substances were 
removed by washing the wells with DPBS, and 200 µL of 
medium containing a 0.5 mg/mL concentration of MTT 
was added. After culturing for 2 hr, MTT formazan was 
extracted by adding 200 µL of 2-propyl alcohol contain-
ing 0.04 N HCl and allowing the solution to stand for 
at least 1 hr. Absorbances at 570 nm and 650 nm were 
measured with a microplate reader. Relative cell viability 
was calculated as the ratio of the MTT formazan absorb-
ance of each test substance to the MTT formazan absorb-
ance of the test solvent control and expressed as a per-
centage. The mean viability of the cells in three wells was 
calculated for each concentration of each test substance.

Calculation of predictive performance
The predictive performance of the test was calculated. 

Sensitivity was calculated as the percentage of substanc-
es tested that were correctly predicted to be irritant sub-
stances by the test. Specificity was calculated as the per-
centage of substances tested that were correctly predicted 
to be non-irritant substances by the test.

Accuracy was calculated as the percentage of sub-
stances tested that were correctly predicted to be in the 
correct class of substances by the test.

RESULTS

Scoring skin irritation by commercial products
The 148 commercially available skin lotions were rated 

according to their IS, and their ISs are shown in Table 2.  
The percentages skin lotions according to their ISs are 
shown in Fig. 1, and 64 products had an IS of 0. Expres-
sions related to skin irritation were found in the review 
sentences regarding the other 84 products, and after cal-
culating their ISs, we selected the 79 of them for which 
there were at least 30 posted reviews and tested them in 
the subsequent in vitro evaluations. The numbers of prod-
ucts selected are shown in parenthesis in Table 2.

Effect of exposure time on the evaluations of 
skin irritation in the RhE models

We attempted to increase the sensitivity of the RhE test 

Table 2.   Number of commercial skin lotions rated according to Irritation Score (IS)
IS Number IS Number IS Number IS Number
0 64 (6) 7 4 (4) 14 2 (1) 27 2 (2)
1 15 (14) 8 5 (4) 16 1 (1) 30 2 (1)
2 12 (9) 9 1 (1) 19 1 (1) 40 1 (1)
3 7 (6) 10 1 (1) 20 1 (1) 46 1 (1)
4 6 (6) 11 2 (2) 23 1 (0) - -
5 8 (8) 12 1 (1) 24 1 (1) - -
6 4 (4) 13 3 (3) 25 2 (0) - -
The numbers in the parenthesis are the numbers of products selected for in vitro evaluation.

Fig. 1.  Percentages of commercial skin lotions according 
to their Irritation Score (IS). The percentages of 148 
commercial skin lotions according to their IS was cal-
culated: There were 64 products with an IS of 0, ac-
counting for 43% of the total; 52 products with an IS 
of 1-6, accounting for 35% of the total, and 32 prod-
ucts with an IS of 7 or more, accounting for 22% of 
the total.

Vol. 10 No. 3

115

Predicting skin irritancy of cosmetic products by cytotoxicity



method and evaluate the cytotoxicity of the products. We 
therefore extended the exposure time from 3 hr to 42 hr 
and did not perform any post-culture.   

   Because 0.5% SLS has been shown to be a mild irri-
tant in the human patch test, and 0.1% SLS may cause 
irritation in some subjects, both were selected as posi-
tive controls ( Kanto et al  ., 2013 ;  Basketter et al  ., 1996 ). 
Lotion 10 (IS: 40), Lotion 13 (IS: 27), and Lotion 18 
(IS:14), which had higher ISs, and Lotion 9, which had 
an IS of 0, were also selected as test substances. Cell via-
bility was evaluated by exposing RhE models to each of 
them. The results showed that cell viability after exposure 
to 0.5% SLS and 0.1% SLS was reduced by extending 
the exposure time ( Fig. 2 ). Cell viability after exposure 
to Lotion 10, Lotion 13, and Lotion 18 also decreased 
as the exposure time was extended and fell to less than 
50% after more than 24 hr. Cell viability after exposure 
to Lotion 9, however, was never less than 50% even when 
the exposure time was extended.   

   Based on these results, we set the exposure time for 
product evaluation in the RhE models at 30 hr. The crite-
rion for predicting skin irritation by products in this test 
model was tentatively set at 50% cell viability in accord-
ance with OECD TG439. We defi ned this test as the mod-
ifi ed RhE test method in this study.   

Fig. 2.        Eff ect of exposure time on cell viability in the RhE model. The positive controls were 0.5% sodium lauryl sulfate (SLS) and 
0.1% SLS solutions. Test substances were Lotion 10 (IS: 40), Lotion 13 (IS: 27), Lotion 18 (IS:14), and Lotion 9 (IS:0). The 
RhE model was exposed to the positive controls and test substances for 3-42 hr, and cell viability was measured.   

Fig. 3.      Cell viability after exposure to 79 commercial skin lo-
tions by the modifi ed RhE test method. The RhE mod-
el was exposed to the test products for 30 hr, and cell 
viability was measured. The bars represent the number 
of products according to cell viability range. (Prod-
ucts with an IS of 0: white bars; products with an IS 
between 1 and 6: gray bars; products with an IS of 7 or 
more: black bars.)   

Vol.  10  No.  3 

116

M.  Mezaki   et al.



Table 3.   List of test lotions and the results of their IS and cell viability evaluations
No. IS CV (%) *1 CV (%) *2 No. IS CV (%) *1 CV (%) *2
L1 46 32.9 13.9 L41 5 35.5 3.0
L2 13 64.2 70.1 L42 5 91.7 105.9
L3 7 103.3 110.5 L43 4 94.8 104.9
L4 5 87.2 81.0 L44 4 87.2 114.2
L5 3 104.4 83.0 L45 4 107.6 99.6
L6 2 95.7 98.0 L46 6 107.0 110.4
L7 1 93.0 103.3 L47 4 102.1 97.8
L8 0 81.4 94.5 L48 4 93.2 103.8
L9 0 78.3 10.1 L49 4 79.0 10.4
L10 40 9.4 1.7 L50 3 105.1 101.5
L11 30 12.6 2.4 L51 3 97.7 99.0
L12 27 6.7 2.3 L52 3 96.2 115.0
L13 27 9.1 0.0 L53 3 93.5 107.9
L14 24 12.1 6.3 L54 1 93.9 72.5
L15 20 6.6 35.9 L55 3 88.6 96.3
L16 19 42.4 30.6 L56 2 101.9 93.1
L17 16 81.8 60.3 L57 2 112.5 103.9
L18 14 10.5 0.0 L58 2 97.4 107.6
L19 13 20.6 5.9 L59 2 97.0 104.1
L20 12 84.0 93.2 L60 2 92.8 35.5
L21 11 110.0 106.1 L61 2 89.4 7.3
L22 10 83.3 94.4 L62 2 70.1 103.3
L23 9 47.5 98.2 L63 2 18.5 0.0
L24 11 36.5 4.9 L64 1 108.1 51.6
L25 8 94.8 105.3 L65 1 102.8 84.6
L26 8 68.9 25.6 L66 1 100.7 79.4
L27 13 51.0 57.7 L67 1 98.2 16.8
L28 8 26.0 17.9 L68 1 96.9 38.6
L29 8 18.2 21.0 L69 1 96.7 97.4
L30 7 58.9 14.2 L70 1 92.8 82.2
L31 7 20.5 2.7 L71 1 90.8 80.7
L32 7 15.6 0.2 L72 1 90.2 95.0
L33 6 104.7 80.6 L73 1 88.0 92.5
L34 6 102.0 106.6 L74 1 83.8 99.3
L35 6 99.0 100.9 L75 1 81.6 117.2
L36 5 95.8 0.2 L76 0 112.2 91.7
L37 5 84.8 6.6 L77 0 105.1 74.5
L38 5 137.0 43.2 L78 0 98.1 110.8
L39 5 100.9 80.3 L79 0 92.4 104.9
L40 5 85.8 44.3
IS: Irritation score
CV: Cell viability
*1 Modified RhE test method
*2 Modified STE test method
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Evaluation of the skin irritation potential of 
commercial skin lotions

Next, we evaluated cell viability after exposure to 79 
commercial skin lotions according to the modified RhE 
test method. The results for cell viability and the ISs of 
the test products are shown in Fig. 3 and Table 3. Many 
products that resulted in a cell viability of 70% or more 
had an IS below 6, although exposure to some prod-
ucts with an IS of 7 or more resulted in low cell viabil-
ity. These findings suggested the possibility of using the 
modified RhE test method to predict skin irritation by 
cosmetic products in humans. We assumed that products 
with an IS of 7 or more were irritant and calculated the 
correlation between IS and cell viability in the RhE mod-
el. When the positivity criterion of the modified RhE test 
method was set at 50%, sensitivity was 61.5% (16/26), 
specificity 96.2% (51/53), and accuracy 84.8% (67/79). 
On the other hand, when the criterion was set at 70% 
based on the results obtained with the products that had 
an IS of 7 or more, sensitivity was 76.9% (20/26), speci-
ficity 96.2% (51/53), and accuracy 89.9% (71/79).

Better accuracy was obtained when the criterion was 
set at 70%.

Evaluation of the skin irritation potential of 
products by modification of the STE test method

We turned our attention to the STE test method, which 
provides a relatively high evaluation throughput, and 
assessed the conditions under which it might be able to 
predict the skin irritation potential of cosmetic products. 
First, we modified the exposure concentrations and expo-
sure time. The cell viability was not reduced when the 
test substances were diluted to 10%-50% and the expo-
sure time was 5 min (data not shown).

In addition, since a decrease in cell viability was 
observed when exposed to saline, the solvent control, for 
20 min (data not shown), we set the exposure time for the 
evaluations at 10 min.

We evaluated the 6 products that resulted in cell viabil-
ity of 70% or more (L54, L65, L72, L76 L78, L79; Group 
A) in the modified RhE test method, the 3 products that 
resulted in cell viability of 50%-70% (L26, L27, L30; 
Group B), and the 6 products that resulted in cell viability 
of under 50% (L11, L12, L13, L14, L28, L29; Group C). 
The results are shown in Fig. 4. Exposure to the products 
in Group A resulted in high cell viability at concentra-
tions of 40%. Exposure to Group B resulted in decreased 
cell viability in a concentration-dependent manner, and 
exposure to Group C resulted in a trend toward lower cell 
viability. At the 40% exposure concentration, the differ-

Fig. 4.  Relationship between exposure concentrations of the products and cell viability measured by the modified STE test method. 
SIRC cells were exposed for 10 min to the test products diluted to 10%-50% concentrations with saline, and cell viability 
was measured. The test products selected were L54, L65, L72, L76 L78, and L79, exposure to which resulted in cell viabili-
ty values greater than 70% by the modified RhE test method, L26, L27, and L30, exposure to which resulted in cell viability 
values of 50% to 70% by the modified RhE test method, and L11, L12, L13, L14, L28, and L29, exposure to which resulted 
in cell viability values of 50% or less by the modified RhE test method.
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ence in cell viability between Group A and Group C was 
significant, confirming the high sensitivity and specific-
ity of the modified STE test method. At the 40% expo-
sure concentration, the cell viability of Group A was over 
80% after excluding L54. Products that did not exhib-
it toxicity in the RhE model had a higher probability of 
being distributed over 80% in this condition. it is impor-
tant to reduce false negatives in the safety evaluation, so 
we therefore tentatively defined 80% or more cell viabil-
ity when exposed to a 40% concentration of a skin lotion 
for 10 min as the criterion for non-irritation by the modi-
fied STE test method.

Evaluation of the skin irritation potential of 
products by means of the modified STE test 
method

We evaluate cell viability after exposure to the 79 skin 
lotions according to the modified STE test method. The 
results for cell viability and the ISs of the test products 
are shown in Fig. 5 and Table 3.

Exposure to most of the products with an IS of 7 or 
more resulted in less than 40% cell viability. We calcu-
lated the predictive performance of IS and cell viability 
according to the results of the modified STE test method 
when products having an IS of 7 or more were assumed 
to be potentially irritating products. The modified STE 
test method had a sensitivity of 76.9% (20/26), specific-
ity of 69.8% (37/53), and accuracy of 72.2% (57/79) for 

predicting skin irritation when products with an IS of 7 
or more were assumed to be irritant and a cell viability of 
80% was used as the criterion for irritation (Fig. 5). The 
sensitivity of the modified STE test method in relation to 
ISs was almost the same as the sensitivity of the modified 
RhE test method.

Next, the results of modified STE test method versus 
the modified RhE test method are shown in Fig. 6. Many 
of the products that resulted in a cell viability 70% or 
more by the modified RhE test method resulted in a cell 
viability 80% or more by the modified STE test meth-
od. On the other hand, many of the products that result-
ed in a cell viability less than 70% by the modified RhE 
test method resulted in a cell viability less than 40% by 
the modified STE test method. When the products that 
resulted in a cell viability of under 70% by modified RhE 
test method were regarded as potentially irritating prod-
ucts and the irritation criterion for the modified STE test 
method was set at 80% cell viability, the sensitivity, spec-
ificity, and accuracy of the modified STE test method 
were 95.5% (21/22), 73.7% (42/57), and 79.7% (63/79), 
respectively. Thus, the results obtained by the modified 
STE test method were found to closely correspond to the 
results obtained by the modified RhE test method.

Fig. 5.  Cell viability after exposure to 79 commercial skin 
lotions by the modified STE test method. SIRC cells 
were exposed for 10 min to 40% dilutions of the test 
products, and cell viability was measured. The bars 
represent the numbers of products according to cell 
viability range. (Products with an IS of 0: white bars; 
products with an IS between 1 and 6: gray bars; prod-
ucts with an IS of 7 or more: black bars.)

Fig. 6.  Results of the evaluations by the modified STE test 
method according to the results obtained by the modi-
fied RhE test method. SIRC cells were exposed for 10 
min to 40% dilutions of the test products, and cell vi-
ability was measured. The bars represent the numbers 
of products according to cell viability ranges. (Cell 
viability ≥70% according to the modified RhE test 
method; white bars; cell viability >70% according to 
the modified RhE test method; black bars.)
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DISCUSSION

In order for customers to use cosmetics safely, the 
human skin irritation potential of cosmetic products 
needs to be evaluated. While, in principle, the raw ingre-
dients in products are used within concentration ranges 
that ensure safety, unexpected adverse effects may occur 
as a result of interactions between them. For example, 
there have been reports that the combination of chemi-
cals increase cytotoxicity, skin irritation and skin sensi-
tization (Zanoni et al., 2018; Rentiis et al., 2021; Wu et 
al., 2001). An alternative method of predicting the safety 
of combinations of ingredients or products is needed dur-
ing the development stage prior to proceeding to human 
testing.

Establishing an in vitro test for end-products that pre-
dicts the response in humans requires a large amount of 
cosmetic formulation data in order to be able to analyze 
correlations with the results obtained by alternative meth-
ods and in humans. Since, in actual practice, it is difficult 
to obtain such large amounts of human data, we analyzed 
review statements on a cosmetic website and utilized the 
ISs of commercial products instead. In order to analyze 
the review statements in relation to skin irritation by com-
mercial products objectively, we selected keywords from 
indexes used in human patch tests and actual use tests, 
and used the information in the statements to calculate the 
Irritation Scores (ISs) shown in Table 1. Because some 
chemicals that cause sensory irritation have been reported 
to exhibit cytotoxicity (Inoue et al., 1996), we also select-
ed keywords that seemed to refer to sensory irritation to 
use to calculate ISs.

Our analysis of review statements revealed that words 
related to skin irritation were used in regard to 84 of the 
148 commercial products we adopted as the subject of our 
study. This suggests that some commercial products may 
be irritating to humans when applied to the skin on a dai-
ly basis. Studies of alternative test methods to assess the 
safety of cosmetic products have been reported, includ-
ing skin irritation evaluations by means of RhE models 
(Kose et al., 2018) and SENS-IS assays (Cottrez et al., 
2020) and eye irritation evaluations by the STE test meth-
od (Abo et al., 2018). However, further studies are need-
ed to compare the safety of different formulations and to 
define safety criteria.

Although OECD TG439 has been validated as a meth-
od of evaluating skin irritation in humans following a 
4-hr exposure to cosmetic ingredients, since it may not 
be suitable for predicting skin irritation when cosmet-
ics are actually used, it is necessary to increase the sen-
sitivity of the evaluation system to accurately predict the 

irritancy of the product. Skin irritation has been reported 
to increase with exposure time and the concentration of 
the chemical (Cruzan et al., 1986; Gilman et al., 1978), 
and increasing exposure concentrations in OECD TG439 
has been reported to be an effective means of predict-
ing skin irritation following 24-hr exposure in humans  
(Sugiyama et al., 2018). We attempted to increase the 
sensitivity of the RhE test method by extending exposure 
time, and the results showed that exposure to many of the 
products with a high IS resulted in low cell viability rates, 
and that exposure to many of the products with a low IS 
resulted in high cell viability rates. These findings indi-
cated that it might be possible to predict skin irritation by 
cosmetic products in humans based on evaluations by the 
modified RhE test method. Exposure to some products 
with a low IS resulted in low cell viability. These prod-
ucts may have been detected to be a potential skin irritant.

On the other hand, exposure to several products result-
ed in high cell viability despite a high IS. Since these 
products included wiping cosmetics, the physical stimu-
lation during cosmetic application may have resulted in 
a high IS. Moreover, certain conditions such as pH, skin 
permeability, polarity, osmotic pressure, and other phys-
ical properties of products and ingredients that promote 
percutaneous absorption may also affect cell viability. 
Since our objective in the present study was to establish 
a product evaluation system, we did not evaluate ingredi-
ents by the modified RhE test method. Because the spe-
cific formulations of the products tested in our study were 
unknown, the individual characteristics and interactions 
of the ingredients have not been discussed in this report. 
Correlations between the IS irritancy criteria set at 5, 7, 
13, or 18 and the irritancy criteria of 50%~80% cell via-
bility in the RhE model are shown in Table 4. The false-
negative rate improved as the IS criterion increased, but 
there was no significant change in accuracy. Products 
with ISs of 7-13 that resulted in 50%-70% cell viabili-
ty in the modified RhE model were found to have lower 
correlation values between ISs and cell viability results. 
Because the results for products with an IS around the 
irritant criteria were highly variable and their ISs were 
review-based data, they may not have been properly eval-
uated by the modified RhE test method. It will be nec-
essary to improve the accuracy of the modified RhE test 
method by increasing the number of products with an IS 
around the irritant criterion and evaluating them.

The STE test method can be applied quickly if the 
SIRC cells are retained, and the relative simplicity of the 
test procedures enables evaluation of multiple samples. 
Since the eyes do not have a stratum corneum barrier, if 
the eye irritation test is negative, skin irritation is assumed 
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to be negative. We therefore thought that it might be easi-
er to predict skin irritancy by using the eye irritation test. 
Although there are differences in physiological functions, 
including the barrier function, between RhE models and 
SIRC cells, both test methods use cell viability as an indi-
cator to predict irritation by test substances. The results of 
the product evaluations obtained by the modified RhE test 
method and the modified STE test method have general-
ly been correlated. However, the modified STE test meth-
od is more likely to yield false-positive results. Exposure 

to some skin lotions, including L9, L36, L37, L49, and 
L61, resulted in cell viability of 70% or more by the mod-
ified RhE test method, but much lower cell viability by 
the modified STE test method, and these results of the 
modified STE test method might be interpreted as false-
positive. Conversely, exposure to one skin lotion (L23) 
that resulted in cell viability less than 70% by the mod-
ified RhE test method resulted in higher cell viability by 
the modified STE test method, and this result by the mod-
ified STE test method might be interpreted as a false-

Table 4.   Correlations between the irritancy criteria of the IS and irritancy criteria of cell viability
Modified RhE test method

<80% ≥80% <70% ≥70% <60% ≥60% <50% ≥50%

IS
≥5 21 16 21 16 19 18 17 20
1-4 3 33 1 35 1 35 1 35
0 1 5 0 6 0 6 0 6

sensitivity (%) 56.8 56.8 51.4 45.9
specificity (%) 90.5 97.6 97.6 97.6
false-positive rate (%) 9.5 2.4 2.4 2.4
false-negative rate (%) 43.2 43.2 48.6 54.1
accuracy (%) 74.7 78.5 75.9 73.4

Modified RhE test method
<80% ≥80% <70% ≥70% <60% ≥60% <50% ≥50%

IS
≥7 20 6 20 6 18 8 16 10
1-6 4 43 2 45 2 45 2 45
0 1 5 0 6 0 6 0 6

sensitivity (%) 76.9 76.9 69.2 61.5
specificity (%) 90.6 96.2 96.2 96.2
false-positive rate (%) 9.4 3.8 3.8 3.8
false-negative rate (%) 23.1 23.1 30.8 38.5
accuracy (%) 86.1 89.9 87.3 84.8

Modified RhE test method
<80% ≥80% <70% ≥70% <60% ≥60% <50% ≥50%

IS
≥13 11 1 11 1 10 2 10 2
1-12 13 48 11 50 10 51 8 53

0 1 5 0 6 0 6 0 6
sensitivity (%) 91.7 91.7 83.3 83.3
specificity (%) 79.1 83.6 85.1 88.1
false-positive rate (%) 20.9 16.4 14.9 11.9
false-negative rate (%) 8.3 8.3 16.7 16.7
accuracy (%) 81 84.8 84.8 87.3

Modified RhE test method
<80% ≥80% <70% ≥70% <60% ≥60% <50% ≥50%

IS
≥18 8 0 8 0 8 0 8 0
1-17 16 49 14 51 12 53 10 55

0 1 5 0 6 0 6 0 6
sensitivity (%) 100 100 100 100
specificity (%) 76.1 80.3 83.1 85.9
false-positive rate (%) 23.9 19.7 16.9 14.1
false-negative rate (%) 0 0 0 0
accuracy (%) 78.5 82.3 84.8 87.3
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negative. These conflicting results may be attributable to 
differences in the reactivity of the cell types and expo-
sure conditions. Furthermore, since the RhE model has a 
three-dimensional structure, and the product is evaluated 
under conditions in which it can retain its original form 
on the cell surface, differences such as skin metabolism 
and percutaneous absorption may affect the results. More-
over, some formulations may contain ingredients intend-
ed to relieve irritation, and the dilution may have led to 
loss of the relieving effect, resulting in false positives in 
the modified STE test method.

The results obtained with the modified RhE test meth-
od, and the modified STE test method were comparable 
in terms of sensitivity to IS. When the modified STE test 
method is performed, it is desirable to judge the outcome 
comprehensively by making a comparison with a similar 
formulation as a benchmark and evaluating it in combi-
nation with the modified RhE test method. We performed 
a human patch test to evaluate the four skin lotions that 
were classified as non-irritant based on the results of the 
modified RhE test method and the modified STE test 
method, and the results for all four lotions were “non-irri-
tating” (data not shown). In other words, these test meth-
ods may be useful for evaluating products before pro-
ceeding to the development of formulations and human 
testing. However, some issues remain unresolved, and 
it is necessary to analyze the correlations between the 
results of evaluations by these test methods and the 
results of human patch tests, and to analyze the extent to 
which individual ingredients and combinations of ingre-
dients contribute to the results of the evaluation. It will be 
necessary to deal with these issues and improve the pre-
cision of the test methods. We would also like to investi-
gate application of these modified test methods to other 
dosage forms, including to creams and formulations con-
taining active ingredients.

We concluded that further study will contribute to the 
development of safer cosmetics.
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