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Accuracy  
Concordance:  
European Centre for Validation of Alternative Methods ECVAM  
False negative rate  
False positive rate  
Globally Harmonized System of Classification and Labelling of Chemicals (GHS): 

 
Independent International Scientific Peer Review Panel  
Inter-laboratory validation study:  
Intra-laboratory validation study:  
Japanese Centre for Validation of Alternative Methods JaCVAM

 
Performance standard  
Reliability  
Organisation for Economic Co-operation and Development OECD  
Test Guideline (TG):  
Validation study  
Validation study management team  
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TG 439 EpiSkinTM

phase phase Peer 
Review ver.8.2 phase

3 1 TG439

SOPver.8.3 7)

1 phase V SOPver.8.3
 

 
1 SOPver.8.3  

 SOP ver.8.2 SOPver.8.3 
1.   
2.  PBS
3. PBS  

 
4. PBS  

 
 

SOPver.8.3 24
0.5mL LabCyte

25 L LabCyte
25mg 25 L

1 3 15

PBS
PBS 10

1mL 42
MTT 0.5mL

3
300 L MTT 96

200 L 570nm 650nm
570nm 650nm
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(%) 3 50%

GHS 1 2 5  SDS
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2-1. Minimum List of Reference Chemicals for Determination of Accuracy and Reliability 

Values for Similar or Modified RhE Skin Irritation Test Methods and Codes 
No. Name CAS number UN GHS in vivo Cat. Supplier 

1 1-bromo-4-chlorobutane 6940-78-9 No Cat. WPCI 
2 diethyl phthalate 84-66-2 No Cat. WPCI 
3 naphthalene acetic acid 86-87-3 No Cat. WPCI 
4 allyl phenoxy-acetate 7493-74-5 No Cat. WPCI 
5 Isopropanol 67-63-0 No Cat. WPCI 
6 4-methylthio-benzaldehyde 3446-89-7 No Cat. WPCI 
7 methyl stearate 112-61-8 No Cat. KCC 
8 heptyl butyrate 5870-93-9 No Cat. (Optional Cat. 3) Sigma-Aldrich
9 hexyl salicylate 6259-76-3 No Cat. (Optional Cat. 3) Sigma-Fluka

10 Cinnamaldehyde 104-55-2 No Cat. (Optional Cat. 3) Sigma-Aldrich
11 1-decanol 112-30-1 Cat.2 WPCI 
12 cyclamen aldehyde 103-95-7 Cat.2 WPCI 
13 1-bromohexane 11-25-1 Cat.2 WPCI 
14 2-chloromethyl-3,5-dimethyl-4-methoxypyridine HCl 86604-75-3 Cat.2 WPCI 
15 di-n-propyl disulphide 629-19-6 Cat.2 WPCI 
16 potassium hydroxide 5% 1310-58-3 Cat.2 WPCI 
17 benzynethiol,5-(1,1-dimethylethyl)-2-methyl 7340-90-1 Cat.2 TCI 
18 1-methyl-3-phenyl-1-piperazine 5271-27-2 Cat.2 TCI 
19 Heptanal 111-71-7 Cat.2 KCC 
20 1,1,1-trichloroethane 71-55-6 Cat.2 WPCI 

1) CAS No.: Chemical abstracts service registry number. 
KCC = Kanto Chemical Co. Inc.; TCI = Tokyo Chemical Industry Co. Ltd; WPCI = Wako Pure Chemical 

Industries Ltd;  
No cat. = Cat3 = , .Cat.2 = Category 2  

 
2-2 The list of chemicals and code with the additional study  

No. Name CAS number Supplier 
2 diethyl phthalate 84-66-2 WPCI 
4 allyl phenoxy-acetate 7493-74-5 WPCI 
5 Isopropanol 67-63-0 WPCI 

13 1-bromohexane 11-25-1 WPCI 
15 di-n-propyl disulphide 629-19-6 WPCI 
21 Tetrachloroethylene 3446-89-7 WPCI 

WPCI = Wako Pure Chemical Industries 
 
 

 
in vivo GHS 2.3 Category2 10

10 Category3 1.7-2.3 9
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3. Mean viability of chemicals at each laboratory (Phase V) 

Chem. No. 
Lab a Lab b Lab c 

1 2 3 4 1 2 3 4 5 1 2 3 4 5 
1 12.4 11.3 19.0  16.5 10.7 10.6   9.0 9.8 9.8   
2 91.7 81.5 69.6  60.9 57.5 *65.5 69.5  90.5 *77.4 102.0 93.0 #66.7
3 108.0 113.0 105.0  96.5 96.7 90.2   89.4 *90.8 106.0 98.9 #96
4 19.1 *43.4 65.1 59.3 66.6 70.6 *48.1 66.2  90.1 93.0 93.2   
5 89.6 77.0 67.6  75.9 *57.5 74.8 77.1  *68.5 86.6 *66.4 67.2 74.4
6 16.2 15.9 17.0  17.3 13.5 11.4   15.5 16.1 12.0   
7 110.0 110.0 104.0  98.8 93.1 76.3   91.2 102.0 108.0   
8 109.0 122.0 111.0  93.1 106.0 86.6   95.5 106.0 119.0   
9 105.0 111.0 102.0  98.0 95.7 83.5   99.6 100.0 113.0   
10 15.7 20.3 16.0  11.5 15.9 11.4   17.3 14.1 14.9   
11 14.2 16.5 9.4  12.4 17.3 16.2   22.1 15.1 14.1   
12 8.9 15.9 10.0  11.0 7.8 9.0   6.0 7.4 5.7   
13 *48 16.2 16.1 15.5 *39.5 6.6 *49.6 17.2 19.0 17.5 17.0 16.2   
14 2.1 4.3 4.1  4.9 5.2 9.1   2.8 3.4 3.2   
15 19.9 95.9 83.5  *39.1 *28 *52.7 17.5 18.5 81.1 83.2 86.3   
16 0.9 1.7 1.6  4.6 2.0 3.3   0.9 3.1 11.6   
17 6.9 46.6 1.0  10.6 21.0 11.6   6.3 5.0 6.6   
18 6.7 4.5 3.6  9.8 10.9 11.0   1.3 1.8 2.2   
19 9.5 10.3 10.4  9.5 7.0 9.5   11.9 10.2 10.9   
20 8.7 12.0 7.8  9.1 7.9 37.6 #17.4  7.6 7.0 6.8   

 
* SD >18%, Not accepted data. 
# Additional experiments,Not accepted data. 

 In vitro skin no irritant 
 In vitro skin irritant 

 
4. Mean cell viability at each Lab in the additional validation study (Phase V) 

No Name 
Lab a Lab b Lab c 

1 2 3 1 2 3 4 1 2 3 
2 diethyl phthalate 94.5 90.7 92.5 *49.9 48.2 53.6 67.3 94.4 77.8 92.5
4 allyl phenoxy-acetate 83.1 79.9 67.3 *64.7 62.4 57.8 64.0 91.0 84.3 79.2
5 Isopropanol 77.3 79.2 80.4 79.0 78.9 78.2  93.7 86.2 82.1

13 1-bromohexane 17.5 17.1 18.0 14.3 25.0 20.3  11.7 11.5 7.6 
15 di-n-propyl disulphide 96.5 84.5 86.4 *72.1 31.1 29.6 43.8 36.9 78.6 70.7
21 Tetrachloroethylene 5.6 5.0 5.3 7.1 9.9 13.0  8.7 7.1 7.0 

 
* SD >18% 
 In vitro skin no irritant 
 In vitro skin irritant 

 
 

 
3 4 5 6

4 No.4 a 3 2 3

5 6 No.13
 

TG439 Phase 2 4 5 13
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8 90 2 100% 1 70 3 80%

2 85% 1 90% 70% 80%
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5. Classification using three independent viabilities (Phase IV) 

No. 
UN GHS  

in vivo Cat 
Lab a Lab b Lab c 

1 2  3  F 1 2 3 F 1 2  3  F 
1 No Cat. P P P P P P P P P P P P 
2 No Cat. N N N N N N N N N N N N 
3 No Cat. N N N N N N N N N N N N 
4 No Cat. P N N P N N N N N N N N 
5 No Cat. N N N N N N N N N N N N 
6 No Cat. P P P P P P P P P P P P 
7 No Cat. N N N N N N N N N N N N 
8 No Cat. N N N N N N N N N N N N 
9 No Cat. N N N N N N N N N N N N 

10 No Cat. P P P P P P P P P P P P 
11 Cat.2 P P P P P P P P P P P P 
12 Cat.2 P P P P P P P P P P P P 
13 Cat.2 P P P P P P P P P P P P 
14 Cat.2 P P P P P P P P P P P P 
15 Cat.2 P N N N P P ND ND N N N N 
16 Cat.2 P P P P P P P P P P P P 
17 Cat.2 P P P P P P P P P P P P 
18 Cat.2 P P P P P P P P P P P P 
19 Cat.2 P P P P P P P P P P P P 
20 Cat.2 P P P P P P P P P P P P 

P: Positive, N: Negative, F: Final detemination by median, ND: Not detected for invalid 
 

6. Classification using three independent viabilities (Phase V) 

No Name 
Lab.a Lab.b Lab.c 

Mean Judge Mean Judge Mean Judge 
2 diethyl phthalate 92.5 NI 56.4 NI 88.3 NI 
4 allyl phenoxy-acetate 76.8 NI 61.4 NI 84.8 NI 
5 Isopropanol 79.0 NI 78.7 NI 87.3 NI 

13 1-bromohexane 17.5 I 19.9 I 10.3 I 
15 di-n-propyl disulphide 89.1 NI 34.8 I 62.1 NI 
21 Tetrachloroethylene 5.3 I 10.5 I 7.6 I 

 
7 Classification using three independent viabilities (Phase IV and phase V) 

No. 
UN GHS  

in vivo Cat 
Lab a Lab b Lab c 

1 2  3  F 1 2 3 F 1 2  3  F 
1 No Cat. P P P P P P P P P P P P 
2 No Cat. N N N N P N N N P N N N 
3 No Cat. N N N N N N N N N N N N 
4 No Cat. N N N N N N N N N N N N 
5 No Cat. N N N N N N N N N N N N 
6 No Cat. P P P P P P P P P P P P 
7 No Cat. N N N N N N N N N N N N 
8 No Cat. N N N N N N N N N N N N 
9 No Cat. N N N N N N N N N N N N 

10 No Cat. P P P P P P P P P P P P 
11 Cat.2 P P P P P P P P P P P P 
12 Cat.2 P P P P P P P P P P P P 
13 Cat.2 P P P P P P P P P P P P 
14 Cat.2 P P P P P P P P P P P P 
15 Cat.2 N N N N P P P P P N N N 
16 Cat.2 P P P P P P P P P P P P 
17 Cat.2 P P P P P P P P P P P P 
18 Cat.2 P P P P P P P P P P P P 
19 Cat.2 P P P P P P P P P P P P 
20 Cat.2 P P P P P P P P P P P P 
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8. 2x2 tables merged with additional study 
Lab a  In vivo classification 
  Irritant  Non-Irritant  Total  

In vitro prediction  
Irritant  9  3  12  
Non-irritant  1  7 8  
Total  10  10 20  

     
Sensitivity (%)  90.0    
Specificity (%)  70.0    
Accuracy (%)  80.0    
    
Lab b  In vivo classification  
  Irritant  Non-Irritant  Total  

In vitro prediction  
Irritant  10 3  13  
Non-irritant  0 7  7  
Total  10  10  20  

     
Sensitivity (%)  100.0    
Specificity (%)  70.0    
Accuracy (%)  85.0    

    

Lab c  In vivo classification  
  Irritant  Non-Irritant  Total  

In vitro prediction  
Irritant  9  3  12  
Non-irritant  1  7 8  
Total  10  10 20  

     
Sensitivity (%)  90.0    
Specificity (%)  70.0    
Accuracy (%)  80.0    
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9. SOPver.8.2 SOPver.8.3 LabCyte EPI-MODEL24  

Ver.8.2 In vitro  Class Ver8.3 In vitro Class

Viability (%) I/NI Viability (%) I/NI
1-bromo-4-chlorobutane 0 NI 19.8 ± 3.4 I 27.8 ± 0.8 I
diethyl phthalate 0 NI 87.6 ± 27.9 NI 90.8 ± 15.7 NI
di-propylene glycol 0 NI 101.0 ± 8.5 NI 95.4 ± 3.8 NI
naphtalen acetic acid 0 NI 99.7 ± 7.6 NI 94.6 ± 6.6 NI
3-ChloronitroBenzene 0 NI 99.2 ± 4.7 NI 88.8 ± 7.1 NI
3,3-Dithiodipropionic Acid 0 NI 96.3 ± 5.5 NI 99.0 ± 2.4 NI
4,4-Methylenebis(2,6-di-tert-buthylphenol) 0 NI 101.3 ± 2.2 NI 99.1 ± 5.6 NI
4-Amino-1,2,4-Triazole 0 NI 99.1 ± 1.8 NI 94.5 ± 2.1 NI
Benzyl Benzoate 0 NI 101.9 ± 3.3 NI 96.5 ± 2.8 NI
Sodium Bicarbonate 0 NI 100.0 ± 0.3 NI 101.0 ± 4.5 NI
Erucamide 0 NI 95.0 ± 6.6 NI 97.0 ± 3.5 NI
1,5-hexadiene 0 NI 91.2 ± 5.1 NI 64.9 ± 10.1 NI
Polyethlene glycol 400 0 NI 102.7 ± 4.3 NI 96.3 ± 2.4 NI
Glycerol 0 NI 109.1 ± 14.7 NI 96.6 ± 4.6 NI
3,3-Dimethylpentane 0 NI 79.8 ± 9.8 NI 65.1 ± 7.8 NI
allyl phenoxy-acetate 0.3 NI 82.3 ± 22.9 NI 81.4 ± 9.1 NI
Isopropanol 0.3 NI 84.6 ± 2.7 NI 74.7 ± 7.4 NI
Benzyl Salicylate 0.3 NI 97.2 ± 3.3 NI 98.5 ± 7.7 NI
Lauric Acid 0.3 NI 104.4 ± 9.0 NI 93.6 ± 4.1 NI
4-methyl-thio-benzaldehyde 1 NI 22.6 ± 1.8 I 33.1 ± 2.4 I
Methyl Stearate 1 NI 104.4 ± 7.7 NI 90.8 ± 5.1 NI
Benzyl Acetate 1 NI 26.2 ± 13.4 I 25.6 ± 1.8 I
Hydroxycitronellal 1 NI 24.2 ± 7.1 I 26.2 ± 1.9 I
Isopropyl Myristate 1 NI 100.8 ± 6.2 NI 96.0 ± 8.6 NI
Isopropyl Palmitate 1 NI 107.5 ± 7.3 NI 100.0 ± 8.7 NI
n-Buthyl Propionate 1 NI 36.8 ± 12.1 I 33.8 ± 3.5 I
Sodium Bisulphite 1 NI 49.0 ± 33.5 NI 66.9 ± 1.8 NI
Benzyl Alcohol 1.3 NI 13.6 ± 7.0 I 12.6 ± 2.0 I
allyl heptanoate 1.7 NI 103.0 ± 6.8 NI 88.7 ± 9.9 NI
heptyl butyrate 1.7 NI 108.1 ± 2.0 NI 104.2 ± 5.9 NI
2-Ethoxy Ethyl Methacrylate 1.7 NI 49.0 ± 23.1 I 31.5 ± 10.7 I
hexyl salicylate 2 NI 106.7 ± 16.3 NI 97.2 ± 4.9 NI
Linalyl  Acetate 2 NI 93.5 ± 7.3 NI 95.0 ± 10.0 NI
terpinyl acetate 2 NI 32.1 ± 5.3 I 28.9 ± 8.8 I
Linalol 2 NI 16.6 ± 8.8 I 26.6 ± 4.9 I
Cinnamaldehyde 2 NI 29.1 ± 7.2 I 30.2 ± 5.9 I
Eugenol 2 NI 27.0 ± 7.4 I 35.4 ± 4.4 I
cyclamen aldehyde 2.3 I 30.1 ± 5.9 I 26.8 ± 1.9 I
1-decanol 2.3 I 32.3 ± 8.8 I 27.9 ± 6.8 I
1-bromohexane 2.7 I 39.9 ± 3.3 I 32.7 ± 4.0 I
alpha-Terpineol 2.7 I 21.4 ± 10.3 I 25.1 ± 0.5 I
1-BromoPentane 2.7 I 21.9 ± 3.6 I 29.8 ± 3.5 I
2-chloromethyl-3,5-dimethyl-4-methoxypyridine HC 2.7 I 12.7 ± 3.2 I 13.1 ± 1.3 I
butyl methacrylate 3 I 28.9 ± 4.6 I 30.0 ± 6.6 I
di-n-propyl disulphide 3 I 71.7 ± 7.5 NI 69.8 ± 20.3 NI
Potassium Hydroxide 5% 3 I 3.0 ± 0.5 I 0.1 ± 0.2 I
Heptanal 3.3 I 17.3 ± 3.2 I 21.4 ± 0.2 I
benzynethiol, 5-(1,1-dimethylethyl)-2-methyl 3.3 I 27.6 ± 8.4 I 28.1 ± 4.9 I
1-methyl-3-phenyl-1-piperazine 3.3 I 15.2 ± 4.6 I 5.3 ± 6.9 I
SLS (20% aq) 4 I 12.0 ± 2.3 I 12.7 ± 1.6 I
1,1,1 Trichloroethane 4 I 11.8 ± 1.7 I 20.9 ± 2.6 I
Tetrachlotroethylene 4 I 17.0 ± 5.7 I 22.9 ± 1.4 I
Capric acid (decanoic acid) 4 I 11.2 ± 5.9 I 17.0 ± 1.3 I
SLS (5% aq) I 13.4 ± 1.7 I 15.9 ± 0.2 I

LabCyte EPI-MODEL24 SIT

Name In vivo
class

In vivo
score

Chemical
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2 SOPver.8.2 SOPver.8.3 LabCyte EPI-MODEL24

 

 
3 SOPver.8.2 SOPver.8.3 LabCyte EPI-MODEL24
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10 phase 5
SD 18% 2 3 13

5 SD phase phase
1-bromohexsane

phase SD
3 SD 18% 3  

PhaseIV V 8
3 95 2

b, c 19/20 100% 1 90%
 

PhaseIV V
3 95% 19/20

No.15 80%  
5 7

 
 

10. Chemicals obtained large variations at me-too validation study 
  Data number of SD > 18  
No. Name Lab a Lab b Lab c Total 
2 diethyl phthalate 0/3 1/4 1/4 2/11 
4 allyl phenoxy-acetate 1/4 1/4 0/3 2/11 
5 Isopropanol 0/3 1/4 2/5 3/12 

13 1-bromohexane 1/4 2/5 0/3 3/12 
15 di-n-propyl disulphide 0/3 3/5 0/3 3/11 

  
 
 

 

GLP

 
 
 

LabCyte EPI-MODEL24 24 / 1 5 4 1
6  

5 LabCyte 
EPI-MODEL24 4 5

 
OECD TG404 3 4

1,24,48,72 GHS
2 2 2.3 1 2

1.7 2.3 1.7 TG439
3  

MTT
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TG439 EpiSkin EpiDerm SkinEthics
JaCVAM

OECD TG 11  
 

3 LabCyte EPI-MODEL24 GHS
TG439

GHS in vitro  
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