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D-44 

Substance 
Lab 
No.1 Vehicle 

Animal 
No. 

1 
Conc. 
(%) 

1 
Mean 
ATP2 

1 SI 
2 

Conc. 
(%) 

2 
Mean 
ATP2 

2 SI 
3 

Conc. 
(%) 

3 
Mean 
ATP2 

3 SI 
Calc. 
EC33 

Calc. 
EC2.54 

Calc. 
EC25 

Abietic acid 7 AOO 4 5 39654 1.84 10 94381 4.38 25 91230 4.23       

Abietic acid 7 AOO MEAN 5 40328 1.87 10 85821 3.98 25 81818 3.80 7.68 11.53 6.33 
Vehicle - Positive Control 7   1 0 17271 0.75                   

Vehicle - Positive Control 7   2 0 23663 1.03                   

Vehicle - Positive Control 7   3 0 24070 1.04                   

Vehicle - Positive Control 7   4 0 27154 1.18                   

Vehicle - Positive Control 7   MEAN 0 23039 1.00                   
Positive Control 7   1 NA 127080 5.52                   

Positive Control 7   2 NA 150247 6.52                   

Positive Control 7   3 NA 122132 5.30                   

Positive Control 7   4 NA 128311 5.57                   

Positive Control 7   MEAN NA 131942 5.73                   
Vehicle - Substance 7 AOO 1 0 36823 1.23                   

Vehicle - Substance 7 AOO 2 0 31245 1.04                   

Vehicle - Substance 7 AOO 3 0 21937 0.73                   

Vehicle - Substance 7 AOO 4 0 29694 0.99                   

Vehicle - Substance 7 AOO MEAN 0 29925 1.00                   
Hexyl cinnamic aldehyde 7 AOO 1 5 42392 1.42 10 106569 3.56 25 170985 5.71       

Hexyl cinnamic aldehyde 7 AOO 2 5 33988 1.14 10 151880 5.08 25 193134 6.45       

Hexyl cinnamic aldehyde 7 AOO 3 5 66350 2.22 10 161431 5.39 25 198620 6.64       

Hexyl cinnamic aldehyde 7 AOO 4 5 41865 1.40 10 87141 2.91 25 286402 9.57       

Hexyl cinnamic aldehyde 7 AOO MEAN 5 46148 1.54 10 126755 4.24 25 212285 7.09 7.71 6.78 5.85 

Isopropanol 7 AOO 1 10 30442 1.02 25 15392 0.51 50 26039 0.87       

Isopropanol 7 AOO 2 10 32600 1.09 25 39028 1.30 50 25885 0.87       

Isopropanol 7 AOO 3 10 41239 1.38 25 22387 0.75 50 27685 0.93       

Isopropanol 7 AOO 4 10 69502 2.32 25 32333 1.08 50 19497 0.65       

Isopropanol 7 AOO MEAN 10 43446 1.45 25 27285 0.91 50 24776 0.83 NA NA NA 

Vehicle - Positive Control 7   1 0 20353 0.71                   

Vehicle - Positive Control 7   2 0 31709 1.10                   

Vehicle - Positive Control 7   3 0 34254 1.19                   

Vehicle - Positive Control 7   4 0 29038 1.01                   

Vehicle - Positive Control 7   MEAN 0 28838 1.00                   

Positive Control 7   1 NA 170163 5.90                   
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D-45 

Substance 
Lab 
No.1 Vehicle 

Animal 
No. 

1 
Conc. 
(%) 

1 
Mean 
ATP2 

1 SI 
2 

Conc. 
(%) 

2 
Mean 
ATP2 

2 SI 
3 

Conc. 
(%) 

3 
Mean 
ATP2 

3 SI 
Calc. 
EC33 

Calc. 
EC2.54 

Calc. 
EC25 

Positive Control 7   2 NA 142824 4.95                   

Positive Control 7   3 NA 167113 5.79                   

Positive Control 7   4 NA 135621 4.70                   

Positive Control 7   MEAN NA 153930 5.34                   

Vehicle - Substance 7 AOO 1 0 25299 1.13                   

Vehicle - Substance 7 AOO 2 0 25685 1.14                   

Vehicle - Substance 7 AOO 3 0 19870 0.88                   

Vehicle - Substance 7 AOO 4 0 19010 0.85                   

Vehicle - Substance 7 AOO MEAN 0 22466 1.00                   
Dimethyl isophthalate 7 AOO 1 5 30872 1.37 10 28765 1.28 25 24457 1.09       

Dimethyl isophthalate 7 AOO 2 5 23829 1.06 10 27567 1.23 25 25583 1.14       

Dimethyl isophthalate 7 AOO 3 5 26046 1.16 10 22517 1.00 25 18065 0.80       

Dimethyl isophthalate 7 AOO 4 5 32477 1.45 10 23373 1.04 25 26228 1.17       

Dimethyl isophthalate 7 AOO MEAN 5 28306 1.26 10 25555 1.14 25 23583 1.05 NA NA NA 
2,4-Dinitrochlorobenzene 7 AOO 1 0.03 54379 2.42 0.10 142045 6.32 0.30 282805 12.59       

2,4-Dinitrochlorobenzene 7 AOO 2 0.03 95575 4.25 0.10 139187 6.20 0.30 336813 14.99       

2,4-Dinitrochlorobenzene 7 AOO 3 0.03 95094 4.23 0.10 108882 4.85 0.30 258764 11.52       

2,4-Dinitrochlorobenzene 7 AOO 4 0.03 99284 4.42 0.10 93969 4.18 0.30 305713 13.61       

2,4-Dinitrochlorobenzene 7 AOO MEAN 0.03 86083 3.83 0.10 121021 5.39 0.30 296024 13.18 0.02 0.01 0.01 

Vehicle - Positive Control 8   1 0 18303 0.95                   

Vehicle - Positive Control 8   2 0 25980 1.34                   

Vehicle - Positive Control 8   3 0 17493 0.90                   

Vehicle - Positive Control 8   4 0 15606 0.81                   

Vehicle - Positive Control 8   MEAN 0 19345 1.00                   

Positive Control 8   1 NA 98761 5.11                   

Positive Control 8   2 NA 72937 3.77                   

Positive Control 8   3 NA 86236 4.46                   

Positive Control 8   4 NA 76278 3.94                   

Positive Control 8   MEAN NA 83553 4.32                   

Vehicle - Substance 8 AOO 1 0 9463 0.78                   

Vehicle - Substance 8 AOO 2 0 13874 1.14                   

Vehicle - Substance 8 AOO 3 0 17229 1.41                   
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D-46 

Substance 
Lab 
No.1 Vehicle 

Animal 
No. 

1 
Conc. 
(%) 

1 
Mean 
ATP2 

1 SI 
2 

Conc. 
(%) 

2 
Mean 
ATP2 

2 SI 
3 

Conc. 
(%) 

3 
Mean 
ATP2 

3 SI 
Calc. 
EC33 

Calc. 
EC2.54 

Calc. 
EC25 

Vehicle - Substance 8 AOO 4 0 8262 0.68                   

Vehicle - Substance 8 AOO MEAN 0 12207 1.00                   
Isopropanol 8 AOO 1 10 12562 1.03 25 17249 1.41 50 14510 1.19       

Isopropanol 8 AOO 2 10 17330 1.42 25 9264 0.76 50 14113 1.16       

Isopropanol 8 AOO 3 10 11886 0.97 25 11845 0.97 50 12238 1.00       

Isopropanol 8 AOO 4 10 17410 1.43 25 11193 0.92 50 13342 1.09       

Isopropanol 8 AOO MEAN 10 14797 1.21 25 12387 1.01 50 13551 1.11 NA NA NA 
Hexyl cinnamic aldehyde 8 AOO 1 5 16997 1.39 10 40975 3.36 25 155208 12.71       

Hexyl cinnamic aldehyde 8 AOO 2 5 15777 1.29 10 56754 4.65 25 133055 10.90       

Hexyl cinnamic aldehyde 8 AOO 3 5 22473 1.84 10 58346 4.78 25 75582 6.19       

Hexyl cinnamic aldehyde 8 AOO 4 5 11217 0.92 10 47242 3.87 25 135369 11.09       

Hexyl cinnamic aldehyde 8 AOO MEAN 5 16616 1.36 10 50829 4.16 25 124803 10.22 7.92 7.03 6.14 
Vehicle - Positive Control 8   1 0 11818 0.62                   

Vehicle - Positive Control 8   2 0 22893 1.19                   

Vehicle - Positive Control 8   3 0 21441 1.12                   

Vehicle - Positive Control 8   4 0 20608 1.07                   

Vehicle - Positive Control 8   MEAN 0 19190 1.00                   
Positive Control 8   1 NA 117067 6.10                   

Positive Control 8   2 NA 100222 5.22                   

Positive Control 8   3 NA 91462 4.77                   

Positive Control 8   4 NA 80907 4.22                   

Positive Control 8   MEAN NA 97414 5.08                   

Vehicle - Substance 8 DMSO 1 0 15322 0.77                   

Vehicle - Substance 8 DMSO 2 0 24630 1.24                   

Vehicle - Substance 8 DMSO 3 0 16802 0.85                   

Vehicle - Substance 8 DMSO 4 0 22460 1.13                   

Vehicle - Substance 8 DMSO MEAN 0 19803 1.00                   

Nickel (II) sulfate 
hexahydrate 

8 DMSO 1 1 64139 3.24 3 64301 3.25 10 40447 2.04       

Nickel (II) sulfate 
hexahydrate 

8 DMSO 2 1 59705 3.01 3 70343 3.55 10 45033 2.27       

Nickel (II) sulfate 
hexahydrate 

8 DMSO 3 1 61654 3.11 3 55459 2.80 10 62589 3.16       
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D-47 

Substance 
Lab 
No.1 Vehicle 

Animal 
No. 

1 
Conc. 
(%) 

1 
Mean 
ATP2 

1 SI 
2 

Conc. 
(%) 

2 
Mean 
ATP2 

2 SI 
3 

Conc. 
(%) 

3 
Mean 
ATP2 

3 SI 
Calc. 
EC33 

Calc. 
EC2.54 

Calc. 
EC25 

Nickel (II) sulfate 
hexahydrate 

8 DMSO 4 1 90810 4.59 3 53420 2.70 10 54206 2.74       

Nickel (II) sulfate 
hexahydrate 

8 DMSO MEAN 1 69077 3.49 3 60881 3.07 10 50568 2.55 IDR IDR IDR 

Cobalt chloride 8 DMSO 1 0.3 68800 3.47 1.0 123857 6.25 3.0 175242 8.85       

Cobalt chloride 8 DMSO 2 0.3 98124 4.95 1.0 178916 9.03 3.0 143477 7.25       

Cobalt chloride 8 DMSO 3 0.3 95925 4.84 1.0 96477 4.87 3.0 155827 7.87       

Cobalt chloride 8 DMSO 4 0.3 87399 4.41 1.0 124765 6.30 3.0 164687 8.32       

Cobalt chloride 8 DMSO MEAN 0.3 87562 4.42 1.0 131004 6.62 3.0 159808 8.07 0.14 0.10 0.08 
Vehicle - Positive Control 8   1 0 17139 1.02                   

Vehicle - Positive Control 8   2 0 23311 1.39                   

Vehicle - Positive Control 8   3 0 14001 0.84                   

Vehicle - Positive Control 8   4 0 12548 0.75                   

Vehicle - Positive Control 8   MEAN 0 16749 1.00                   
Positive Control 8   1 NA 133873 7.99                   

Positive Control 8   2 NA 147108 8.78                   

Positive Control 8   3 NA 114171 6.82                   

Positive Control 8   4 NA 97568 5.83                   

Positive Control 8   MEAN NA 123180 7.35                   
Vehicle - Substance 8 AOO 1 0 18744 0.91                   

Vehicle - Substance 8 AOO 2 0 20074 0.98                   

Vehicle - Substance 8 AOO 3 0 15187 0.74                   

Vehicle - Substance 8 AOO 4 0 28298 1.38                   

Vehicle - Substance 8 AOO MEAN 0 20576 1.00                   

2,4-Dinitrochlorobenzene 8 AOO 1 0.03 40777 1.98 0.10 41930 2.04 0.30 228871 11.12       

2,4-Dinitrochlorobenzene 8 AOO 2 0.03 45024 2.19 0.10 50135 2.44 0.30 393845 19.14       

2,4-Dinitrochlorobenzene 8 AOO 3 0.03 30526 1.48 0.10 107465 5.22 0.30 273309 13.28       

2,4-Dinitrochlorobenzene 8 AOO 4 0.03 82593 4.01 0.10 50754 2.47 0.30 140789 6.84       

2,4-Dinitrochlorobenzene 8 AOO MEAN 0.03 49730 2.42 0.10 62571 3.04 0.30 259203 12.60 0.10 0.04 0.01 

3-Aminophenol 8 AOO 1 1 25653 1.25 3 51618 2.51 10 57296 2.78       

3-Aminophenol 8 AOO 2 1 27127 1.32 3 47941 2.33 10 52938 2.57       

3-Aminophenol 8 AOO 3 1 28861 1.40 3 36281 1.76 10 38134 1.85       
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D-48 

Substance 
Lab 
No.1 Vehicle 

Animal 
No. 

1 
Conc. 
(%) 

1 
Mean 
ATP2 

1 SI 
2 

Conc. 
(%) 

2 
Mean 
ATP2 

2 SI 
3 

Conc. 
(%) 

3 
Mean 
ATP2 

3 SI 
Calc. 
EC33 

Calc. 
EC2.54 

Calc. 
EC25 

3-Aminophenol 8 AOO 4 1 19026 0.92 3 27846 1.35 10 47782 2.32       

3-Aminophenol 8 AOO MEAN 1 25167 1.22 3 40921 1.99 10 49037 2.38 NA NA 3.18 
Vehicle - Positive Control 9   1 0 25729 0.98                   

Vehicle - Positive Control 9   2 0 31786 1.22                   

Vehicle - Positive Control 9   3 0 24343 0.93                   

Vehicle - Positive Control 9   4 0 22785 0.87                   

Vehicle - Positive Control 9   MEAN 0 26161 1.00                   
Positive Control 9   1 NA 155962 5.96                   

Positive Control 9   2 NA 112682 4.31                   

Positive Control 9   3 NA 124334 4.75                   

Positive Control 9   4 NA 122066 4.67                   

Positive Control 9   MEAN NA 128761 4.92                   
Vehicle - Substance 9 AOO 1 0 21600 0.73                   

Vehicle - Substance 9 AOO 2 0 38136 1.29                   

Vehicle - Substance 9 AOO 3 0 34690 1.17                   

Vehicle - Substance 9 AOO 4 0 23981 0.81                   

Vehicle - Substance 9 AOO MEAN 0 29602 1.00                   
Hexyl cinnamic aldehyde 9 AOO 1 5 35263 1.19 10 32104 1.08 25 109826 3.71       

Hexyl cinnamic aldehyde 9 AOO 2 5 34558 1.17 10 68901 2.33 25 114755 3.88       

Hexyl cinnamic aldehyde 9 AOO 3 5 20309 0.69 10 61583 2.08 25 101116 3.42       

Hexyl cinnamic aldehyde 9 AOO 4 5 12277 0.41 10 99972 3.38 25 133469 4.51       

Hexyl cinnamic aldehyde 9 AOO MEAN 5 25602 0.86 10 65640 2.22 25 114791 3.88 17.07 12.55 9.19 

Isopropanol 9 AOO 1 10 16071 0.54 25 18605 0.63 50 11350 0.38       

Isopropanol 9 AOO 2 10 29909 1.01 25 12916 0.44 50 14836 0.50       

Isopropanol 9 AOO 3 10 16721 0.56 25 26806 0.91 50 13840 0.47       

Isopropanol 9 AOO 4 10 12462 0.42 25 24183 0.82 50 20129 0.68       

Isopropanol 9 AOO MEAN 10 18791 0.63 25 20627 0.70 50 15039 0.51 NA NA NA 

Vehicle - Positive Control 9   1 0 21626 0.82                   

Vehicle - Positive Control 9   2 0 28191 1.06                   

Vehicle - Positive Control 9   3 0 36208 1.37                   

Vehicle - Positive Control 9   4 0 19953 0.75                   

Vehicle - Positive Control 9   MEAN 0 26494 1.00                   

Positive Control 9   1 NA 152153 5.74                   
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D-49 

Substance 
Lab 
No.1 Vehicle 

Animal 
No. 

1 
Conc. 
(%) 

1 
Mean 
ATP2 

1 SI 
2 

Conc. 
(%) 

2 
Mean 
ATP2 

2 SI 
3 

Conc. 
(%) 

3 
Mean 
ATP2 

3 SI 
Calc. 
EC33 

Calc. 
EC2.54 

Calc. 
EC25 

Positive Control 9   2 NA 173639 6.55                   

Positive Control 9   3 NA 117177 4.42                   

Positive Control 9   4 NA 165097 6.23                   

Positive Control 9   MEAN NA 152016 5.74                   

Vehicle - Substance 9 AOO 1 0 37188 1.39                   

Vehicle - Substance 9 AOO 2 0 20177 0.75                   

Vehicle - Substance 9 AOO 3 0 17473 0.65                   

Vehicle - Substance 9 AOO 4 0 32530 1.21                   

Vehicle - Substance 9 AOO MEAN 0 26842 1.00                   
Isoeugenol 9 AOO 1 1 43063 1.60 3 82412 3.07 10 241256 8.99       

Isoeugenol 9 AOO 2 1 92318 3.44 3 114677 4.27 10 169293 6.31       

Isoeugenol 9 AOO 3 1 73315 2.73 3 83819 3.12 10 153506 5.72       

Isoeugenol 9 AOO 4 1 68329 2.55 3 65486 2.44 10 197513 7.36       

Isoeugenol 9 AOO MEAN 1 69256 2.58 3 86598 3.23 10 190392 7.09 2.30 0.87 0.38 
2,4-Dinitrochlorobenzene 9 AOO 1 0.03 80731 3.01 0.10 81426 3.03 0.30 294486 10.97       

2,4-Dinitrochlorobenzene 9 AOO 2 0.03 46072 1.72 0.10 105837 3.94 0.30 287848 10.72       

2,4-Dinitrochlorobenzene 9 AOO 3 0.03 82472 3.07 0.10 164718 6.14 0.30 287739 10.72       

2,4-Dinitrochlorobenzene 9 AOO 4 0.03 91886 3.42 0.10 97148 3.62 0.30 298846 11.13       

2,4-Dinitrochlorobenzene 9 AOO MEAN 0.03 75290 2.80 0.10 112282 4.18 0.30 292230 10.89 0.04 0.02 0.02 

Vehicle - Positive Control 10   1 0 20162 0.95                   

Vehicle - Positive Control 10   2 0 15285 0.72                   

Vehicle - Positive Control 10   3 0 30517 1.43                   

Vehicle - Positive Control 10   4 0 19166 0.90                   

Vehicle - Positive Control 10   MEAN 0 21282 1.00                   

Positive Control 10   1 NA 116157 5.46                   

Positive Control 10   2 NA 142905 6.71                   

Positive Control 10   3 NA 135316 6.36                   

Positive Control 10   4 NA 117862 5.54                   

Positive Control 10   MEAN NA 128060 6.02                   

Vehicle - Substance 10 AOO 1 0 45394 0.85                   

Vehicle - Substance 10 AOO 2 0 67917 1.27                   

Vehicle - Substance 10 AOO 3 0 36479 0.68                   
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D-50 

Substance 
Lab 
No.1 Vehicle 

Animal 
No. 

1 
Conc. 
(%) 

1 
Mean 
ATP2 

1 SI 
2 

Conc. 
(%) 

2 
Mean 
ATP2 

2 SI 
3 

Conc. 
(%) 

3 
Mean 
ATP2 

3 SI 
Calc. 
EC33 

Calc. 
EC2.54 

Calc. 
EC25 

Vehicle - Substance 10 AOO 4 0 63610 1.19                   

Vehicle - Substance 10 AOO MEAN 0 53350 1.00                   
2,4-Dinitrochlorobenzene 10 AOO 1 0.03 52123 0.98 0.10 113324 2.12 0.30 202245 3.79       

2,4-Dinitrochlorobenzene 10 AOO 2 0.03 66363 1.24 0.10 80089 1.50 0.30 264292 4.95       

2,4-Dinitrochlorobenzene 10 AOO 3 0.03 36583 0.69 0.10 127648 2.39 0.30 298490 5.59       

2,4-Dinitrochlorobenzene 10 AOO 4 0.03 92933 1.74 0.10 127592 2.39 0.30 239662 4.49       

2,4-Dinitrochlorobenzene 10 AOO MEAN 0.03 62000 1.16 0.10 112163 2.10 0.30 251172 4.71 0.17 0.13 0.09 

Methyl salicylate 10 AOO 1 5 36446 0.68 10 47420 0.89 25 53941 1.01       

Methyl salicylate 10 AOO 2 5 34905 0.65 10 47616 0.89 25 54989 1.03       

Methyl salicylate 10 AOO 3 5 37286 0.70 10 40117 0.75 25 43082 0.81       

Methyl salicylate 10 AOO 4 5 26017 0.49 10 31641 0.59 25 25692 0.48       

Methyl salicylate 10 AOO MEAN 5 33663 0.63 10 41698 0.78 25 44426 0.83 NA NA NA 

Vehicle - Positive Control 10   1 0 20445 0.88                   

Vehicle - Positive Control 10   2 0 15079 0.65                   

Vehicle - Positive Control 10   3 0 26464 1.13                   

Vehicle - Positive Control 10   4 0 31358 1.34                   

Vehicle - Positive Control 10   MEAN 0 23336 1.00                   

Positive Control 10   1 NA 89914 3.85                   

Positive Control 10   2 NA 107768 4.62                   

Positive Control 10   3 NA 93418 4.00                   

Positive Control 10   4 NA 102331 4.39                   

Positive Control 10   MEAN NA 98357 4.21                   

Vehicle - Substance 10 AOO 1 0 28181 0.97                   

Vehicle - Substance 10 AOO 2 0 33325 1.15                   

Vehicle - Substance 10 AOO 3 0 27821 0.96                   

Vehicle - Substance 10 AOO 4 0 26981 0.93                   

Vehicle - Substance 10 AOO MEAN 0 29077 1.00                   
Hexyl cinnamic aldehyde 10 AOO 1 5 35684 1.23 10 86735 2.98 25 78538 2.70       

Hexyl cinnamic aldehyde 10 AOO 2 5 30080 1.03 10 88833 3.06 25 107305 3.69       

Hexyl cinnamic aldehyde 10 AOO 3 5 62393 2.15 10 75607 2.60 25 129081 4.44       

Hexyl cinnamic aldehyde 10 AOO 4 5 34584 1.19 10 66109 2.27 25 93013 3.20       

Hexyl cinnamic aldehyde 10 AOO MEAN 5 40685 1.40 10 79321 2.73 25 101984 3.51 15.24 9.14 7.26 
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D-51 

Substance 
Lab 
No.1 Vehicle 

Animal 
No. 

1 
Conc. 
(%) 

1 
Mean 
ATP2 

1 SI 
2 

Conc. 
(%) 

2 
Mean 
ATP2 

2 SI 
3 

Conc. 
(%) 

3 
Mean 
ATP2 

3 SI 
Calc. 
EC33 

Calc. 
EC2.54 

Calc. 
EC25 

Isopropanol 10 AOO 1 10 19691 0.68 25 30241 1.04 50 42188 1.45       

Isopropanol 10 AOO 2 10 28293 0.97 25 24774 0.85 50 37228 1.28       

Isopropanol 10 AOO 3 10 29845 1.03 25 29230 1.01 50 35247 1.21       

Isopropanol 10 AOO 4 10 28091 0.97 25 38461 1.32 50 30201 1.04       

Isopropanol 10 AOO MEAN 10 26480 0.91 25 30676 1.06 50 36216 1.25 NA NA NA 
Vehicle - Positive Control 11   1 0 13452 0.45                   

Vehicle - Positive Control 11   2 0 32469 1.09                   

Vehicle - Positive Control 11   3 0 37235 1.25                   

Vehicle - Positive Control 11   4 0 35940 1.21                   

Vehicle - Positive Control 11   MEAN 0 29774 1.00                   

Positive Control 11   1 NA 113708 3.82                   

Positive Control 11   2 NA 108755 3.65                   

Positive Control 11   3 NA 57560 1.93                   

Positive Control 11   4 NA 97736 3.28                   

Positive Control 11   MEAN NA 94440 3.17                   

Vehicle - Substance 11 AOO 1 0 16175 0.76                   

Vehicle - Substance 11 AOO 2 0 31955 1.50                   

Vehicle - Substance 11 AOO 3 0 24257 1.14                   

Vehicle - Substance 11 AOO 4 0 12926 0.61                   

Vehicle - Substance 11 AOO MEAN 0 21328 1.00                   

Hexyl cinnamic aldehyde 11 AOO 1 5 24541 1.15 10 73959 3.47 25 56324 2.64       

Hexyl cinnamic aldehyde 11 AOO 2 5 31920 1.50 10 73920 3.47 25 81323 3.81       

Hexyl cinnamic aldehyde 11 AOO 3 5 42454 1.99 10 74762 3.51 25 117271 5.50       

Hexyl cinnamic aldehyde 11 AOO 4 5 30308 1.42 10 60117 2.82 25 126476 5.93       

Hexyl cinnamic aldehyde 11 AOO MEAN 5 32306 1.51 10 70689 3.31 25 95348 4.47 9.13 7.74 6.35 

Vehicle - Positive Control 11   1 0 6855 0.32                   

Vehicle - Positive Control 11   2 0 23315 1.10                   

Vehicle - Positive Control 11   3 0 27767 1.30                   

Vehicle - Positive Control 11   4 0 27187 1.28                   

Vehicle - Positive Control 11   MEAN 0 21281 1.00                   

Positive Control 11   1 NA 118741 5.58                   

Positive Control 11   2 NA 114600 5.39                   

Positive Control 11   3 NA 86525 4.07                   
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D-52 

Substance 
Lab 
No.1 Vehicle 

Animal 
No. 

1 
Conc. 
(%) 

1 
Mean 
ATP2 

1 SI 
2 

Conc. 
(%) 

2 
Mean 
ATP2 

2 SI 
3 

Conc. 
(%) 

3 
Mean 
ATP2 

3 SI 
Calc. 
EC33 

Calc. 
EC2.54 

Calc. 
EC25 

Positive Control 11   4 NA 115969 5.45                   

Positive Control 11   MEAN NA 108959 5.12                   
Vehicle - Substance 11 DMSO 1 0 67859 1.04                   

Vehicle - Substance 11 DMSO 2 0 76567 1.18                   

Vehicle - Substance 11 DMSO 3 0 60349 0.93                   

Vehicle - Substance 11 DMSO 4 0 55465 0.85                   

Vehicle - Substance 11 DMSO MEAN 0 65060 1.00                   
Potassium dichromate 11 DMSO 1 0.1 134992 2.07 0.3 194686 2.99 1.0 283541 4.36       

Potassium dichromate 11 DMSO 2 0.1 133187 2.05 0.3 104933 1.61 1.0 340279 5.23       

Potassium dichromate 11 DMSO 3 0.1 130433 2.00 0.3 166086 2.55 1.0 318543 4.90       

Potassium dichromate 11 DMSO 4 0.1 97134 1.49 0.3 117627 1.81 1.0 301673 4.64       

Potassium dichromate 11 DMSO MEAN 0.1 123936 1.90 0.3 145833 2.24 1.0 311009 4.78 0.51 0.37 0.16 
Lactic acid 11 DMSO 1 5 34889 0.54 10 57810 0.89 25 73850 1.14       

Lactic acid 11 DMSO 2 5 70275 1.08 10 60103 0.92 25 38479 0.59       

Lactic acid 11 DMSO 3 5 81876 1.26 10 42148 0.65 25 54647 0.84       

Lactic acid 11 DMSO 4 5 55263 0.85 10 36073 0.55 25 41547 0.64       

Lactic acid 11 DMSO MEAN 5 60576 0.93 10 49033 0.75 25 52131 0.80 NA NA NA 
Vehicle - Positive Control 11   1 0 25338 0.96                   

Vehicle - Positive Control 11   2 0 29261 1.11                   

Vehicle - Positive Control 11   3 0 21131 0.80                   

Vehicle - Positive Control 11   4 0 29732 1.13                   

Vehicle - Positive Control 11   MEAN 0 26365 1.00                   

Positive Control 11   1 NA 136936 5.19                   

Positive Control 11   2 NA 81100 3.08                   

Positive Control 11   3 NA 114598 4.35                   

Positive Control 11   4 NA 79191 3.00                   

Positive Control 11   MEAN NA 102956 3.90                   

Vehicle - Substance 11 DMSO 1 0 86043 1.05                   

Vehicle - Substance 11 DMSO 2 0 65589 0.80                   

Vehicle - Substance 11 DMSO 3 0 117592 1.43                   

Vehicle - Substance 11 DMSO 4 0 59151 0.72                   

Vehicle - Substance 11 DMSO MEAN 0 82093 1.00                   

Cobalt chloride 11 DMSO 1 1 113621 1.38 3 123437 1.50 5 167985 2.05       
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Substance 
Lab 
No.1 Vehicle 

Animal 
No. 

1 
Conc. 
(%) 

1 
Mean 
ATP2 

1 SI 
2 

Conc. 
(%) 

2 
Mean 
ATP2 

2 SI 
3 

Conc. 
(%) 

3 
Mean 
ATP2 

3 SI 
Calc. 
EC33 

Calc. 
EC2.54 

Calc. 
EC25 

Cobalt chloride 11 DMSO 2 1 130468 1.59 3 115859 1.41 5 167593 2.04       

Cobalt chloride 11 DMSO 3 1 97082 1.18 3 189281 2.31 5 174922 2.13       

Cobalt chloride 11 DMSO 4 1 147603 1.80 3 139101 1.69 5 150902 1.84       

Cobalt chloride 11 DMSO MEAN 1 122193 1.49 3 141919 1.73 5 165350 2.01 NA NA 4.93 

Nickel (II) sulfate 
hexahydrate 

11 DMSO 1 1 65339 0.80 3 89247 1.09 10 80662 0.98       

Nickel (II) sulfate 
hexahydrate 

11 DMSO 2 1 51981 0.63 3 49391 0.60 10 49864 0.61       

Nickel (II) sulfate 
hexahydrate 

11 DMSO 3 1 46829 0.57 3 83879 1.02 10 41820 0.51       

Nickel (II) sulfate 
hexahydrate 

11 DMSO 4 1 50461 0.61 3 37620 0.46 10 69460 0.85       

Nickel (II) sulfate 
hexahydrate 

11 DMSO MEAN 1 53652 0.65 3 65034 0.79 10 60451 0.74 NA NA NA 

Vehicle - Positive Control 12   1 0 31062 1.15                   

Vehicle - Positive Control 12   2 0 34769 1.28                   

Vehicle - Positive Control 12   3 0 19233 0.71                   

Vehicle - Positive Control 12   4 0 23272 0.86                   

Vehicle - Positive Control 12   MEAN 0 27084 1.00                   

Positive Control 12   1 NA 32499 1.20                   

Positive Control 12   2 NA 149284 5.51                   

Positive Control 12   3 NA 138062 5.10                   

Positive Control 12   4 NA 155617 5.75                   

Positive Control 12   MEAN NA 118865 4.39                   

Vehicle - Substance 12 AOO 1 0 34707 1.27                   

Vehicle - Substance 12 AOO 2 0 19823 0.72                   

Vehicle - Substance 12 AOO 3 0 21963 0.80                   

Vehicle - Substance 12 AOO 4 0 33252 1.21                   

Vehicle - Substance 12 AOO MEAN 0 27436 1.00                   

Hexyl cinnamic aldehyde 12 AOO 1 5 45866 1.67 10 96208 3.51 25 146684 5.35       

Hexyl cinnamic aldehyde 12 AOO 2 5 32444 1.18 10 70432 2.57 25 176112 6.42       

Hexyl cinnamic aldehyde 12 AOO 3 5 52964 1.93 10 121167 4.42 25 135063 4.92       

Hexyl cinnamic aldehyde 12 AOO 4 5 49440 1.80 10 90169 3.29 25 168604 6.15       
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Substance 
Lab 
No.1 Vehicle 

Animal 
No. 

1 
Conc. 
(%) 

1 
Mean 
ATP2 

1 SI 
2 

Conc. 
(%) 

2 
Mean 
ATP2 

2 SI 
3 

Conc. 
(%) 

3 
Mean 
ATP2 

3 SI 
Calc. 
EC33 

Calc. 
EC2.54 

Calc. 
EC25 

Hexyl cinnamic aldehyde 12 AOO MEAN 5 45178 1.65 10 94494 3.44 25 156615 5.71 8.76 7.37 5.98 

Vehicle - Positive Control 12   1 0 26207 0.79                   

Vehicle - Positive Control 12   2 0 39177 1.18                   

Vehicle - Positive Control 12   3 0 37398 1.13                   

Vehicle - Positive Control 12   4 0 30062 0.91                   

Vehicle - Positive Control 12   MEAN 0 33211 1.00                   

Positive Control 12   1 NA 151987 4.58                   

Positive Control 12   2 NA 169589 5.11                   

Positive Control 12   3 NA 209928 6.32                   

Positive Control 12   4 NA 134469 4.05                   

Positive Control 12   MEAN NA 166493 5.01                   

Vehicle - Substance 12 DMSO 1 0 78629 0.95                   

Vehicle - Substance 12 DMSO 2 0 88765 1.07                   

Vehicle - Substance 12 DMSO 3 0 76637 0.92                   

Vehicle - Substance 12 DMSO 4 0 88155 1.06                   

Vehicle - Substance 12 DMSO MEAN 0 83046 1.00                   

Nickel (II) sulfate 
hexahydrate 

12 DMSO 1 1 98797 1.19 3 84327 1.02 10 105221 1.27       

Nickel (II) sulfate 
hexahydrate 

12 DMSO 2 1 80665 0.97 3 86877 1.05 10 71971 0.87       

Nickel (II) sulfate 
hexahydrate 

12 DMSO 3 1 86949 1.05 3 137747 1.66 10 55567 0.67       

Nickel (II) sulfate 
hexahydrate 

12 DMSO 4 1 65175 0.78 3 104430 1.26 10 89624 1.08       

Nickel (II) sulfate 
hexahydrate 

12 DMSO MEAN 1 82896 1.00 3 103345 1.24 10 80596 0.97 NA NA NA 

Potassium dichromate 12 DMSO 1 0.1 170554 2.05 0.3 198199 2.39 1.0 301077 3.63       

Potassium dichromate 12 DMSO 2 0.1 113710 1.37 0.3 205018 2.47 1.0 323900 3.90       

Potassium dichromate 12 DMSO 3 0.1 166200 2.00 0.3 273194 3.29 1.0 378405 4.56       

Potassium dichromate 12 DMSO 4 0.1 179394 2.16 0.3 191835 2.31 1.0 351057 4.23       

Potassium dichromate 12 DMSO MEAN 0.1 157464 1.90 0.3 217061 2.61 1.0 338610 4.08 0.49 0.27 0.13 

Vehicle - Positive Control 13   1 0 21808 0.80                   

Vehicle - Positive Control 13   2 0 23919 0.87                   
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Substance 
Lab 
No.1 Vehicle 

Animal 
No. 

1 
Conc. 
(%) 

1 
Mean 
ATP2 

1 SI 
2 

Conc. 
(%) 

2 
Mean 
ATP2 

2 SI 
3 

Conc. 
(%) 

3 
Mean 
ATP2 

3 SI 
Calc. 
EC33 

Calc. 
EC2.54 

Calc. 
EC25 

Vehicle - Positive Control 13   3 0 24606 0.90                   

Vehicle - Positive Control 13   4 0 39312 1.43                   

Vehicle - Positive Control 13   MEAN 0 27411 1.00                   

Positive Control 13   1 NA 138513 5.05                   

Positive Control 13   2 NA 94225 3.44                   

Positive Control 13   3 NA 118316 4.32                   

Positive Control 13   4 NA 161413 5.89                   

Positive Control 13   MEAN NA 128117 4.67                   

Vehicle - Substance 13 AOO 1 0 33895 1.37                   

Vehicle - Substance 13 AOO 2 0 20013 0.81                   

Vehicle - Substance 13 AOO 3 0 20945 0.85                   

Vehicle - Substance 13 AOO 4 0 24103 0.97                   

Vehicle - Substance 13 AOO MEAN 0 24739 1.00                   

Hexyl cinnamic aldehyde 13 AOO 1 5 28705 1.16 10 106862 4.32 25 164960 6.67       

Hexyl cinnamic aldehyde 13 AOO 2 5 19630 0.79 10 92835 3.75 25 116945 4.73       

Hexyl cinnamic aldehyde 13 AOO 3 5 45958 1.86 10 83026 3.36 25 118296 4.78       

Hexyl cinnamic aldehyde 13 AOO 4 5 45943 1.86 10 159832 6.46 25 135132 5.46       

Hexyl cinnamic aldehyde 13 AOO MEAN 5 35059 1.42 10 110638 4.47 25 133833 5.41 7.59 6.77 5.95 

Vehicle - Positive Control 13   1 0 16810 0.75                   

Vehicle - Positive Control 13   2 0 25921 1.15                   

Vehicle - Positive Control 13   3 0 21544 0.96                   

Vehicle - Positive Control 13   4 0 25627 1.14                   

Vehicle - Positive Control 13   MEAN 0 22475 1.00                   

Positive Control 13   1 NA 156378 6.96                   

Positive Control 13   2 NA 133906 5.96                   

Positive Control 13   3 NA 140685 6.26                   

Positive Control 13   4 NA 152161 6.77                   

Positive Control 13   MEAN NA 145782 6.49                   

Vehicle - Substance 13 DMSO 1 0 93878 1.15                   

Vehicle - Substance 13 DMSO 2 0 70631 0.87                   

Vehicle - Substance 13 DMSO 3 0 91822 1.13                   

Vehicle - Substance 13 DMSO 4 0 68974 0.85                   

Vehicle - Substance 13 DMSO MEAN 0 81326 1.00                   
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Substance 
Lab 
No.1 Vehicle 

Animal 
No. 

1 
Conc. 
(%) 

1 
Mean 
ATP2 

1 SI 
2 

Conc. 
(%) 

2 
Mean 
ATP2 

2 SI 
3 

Conc. 
(%) 

3 
Mean 
ATP2 

3 SI 
Calc. 
EC33 

Calc. 
EC2.54 

Calc. 
EC25 

Cobalt chloride 13 DMSO 1 1 120105 1.48 3 199869 2.46 5 192357 2.37       

Cobalt chloride 13 DMSO 2 1 148835 1.83 3 195046 2.40 5 215391 2.65       

Cobalt chloride 13 DMSO 3 1 93820 1.15 3 207281 2.55 5 224902 2.77       

Cobalt chloride 13 DMSO 4 1 172802 2.12 3 195145 2.40 5 192928 2.37       

Cobalt chloride 13 DMSO MEAN 1 133890 1.65 3 199335 2.45 5 206394 2.54 NA 4.13 1.88 
Lactic acid 13 DMSO 1 5 71011 0.87 10 58052 0.71 25 61451 0.76       

Lactic acid 13 DMSO 2 5 58742 0.72 10 44480 0.55 25 47962 0.59       

Lactic acid 13 DMSO 3 5 95883 1.18 10 56725 0.70 25 79235 0.97       

Lactic acid 13 DMSO 4 5 96922 1.19 10 62219 0.77 25 51848 0.64       

Lactic acid 13 DMSO MEAN 5 80639 0.99 10 55369 0.68 25 60124 0.74 NA NA NA 

Vehicle - Positive Control 14   1 0 25953 0.86                   

Vehicle - Positive Control 14   2 0 42071 1.39                   

Vehicle - Positive Control 14   3 0 22870 0.76                   

Vehicle - Positive Control 14   4 0 30199 1.00                   

Vehicle - Positive Control 14   MEAN 0 30273 1.00                   

Positive Control 14   1 NA 198381 6.55                   

Positive Control 14   2 NA 164826 5.44                   

Positive Control 14   3 NA 205542 6.79                   

Positive Control 14   4 NA 198361 6.55                   

Positive Control 14   MEAN NA 191777 6.33                   

Vehicle - Substance 14 AOO 1 0 21623 0.89                   

Vehicle - Substance 14 AOO 2 0 27737 1.14                   

Vehicle - Substance 14 AOO 3 0 33618 1.38                   

Vehicle - Substance 14 AOO 4 0 14415 0.59                   

Vehicle - Substance 14 AOO MEAN 0 24348 1.00                   

Hexyl cinnamic aldehyde 14 AOO 1 5 45466 1.87 10 100580 4.13 25 164791 6.77       

Hexyl cinnamic aldehyde 14 AOO 2 5 40112 1.65 10 134453 5.52 25 155059 6.37       

Hexyl cinnamic aldehyde 14 AOO 3 5 72779 2.99 10 18994 0.78 25 249145 10.23       

Hexyl cinnamic aldehyde 14 AOO 4 5 43275 1.78 10 101713 4.18 25 171572 7.05       

Hexyl cinnamic aldehyde 14 AOO MEAN 5 50408 2.07 10 88935 3.65 25 185142 7.60 7.94 6.36 4.85 

Vehicle - Positive Control 14   1 0 18024 0.74                   

Vehicle - Positive Control 14   2 0 24615 1.02                   

Vehicle - Positive Control 14   3 0 28493 1.18                   
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Substance 
Lab 
No.1 Vehicle 

Animal 
No. 

1 
Conc. 
(%) 

1 
Mean 
ATP2 

1 SI 
2 

Conc. 
(%) 

2 
Mean 
ATP2 

2 SI 
3 

Conc. 
(%) 

3 
Mean 
ATP2 

3 SI 
Calc. 
EC33 

Calc. 
EC2.54 

Calc. 
EC25 

Vehicle - Positive Control 14   4 0 25735 1.06                   

Vehicle - Positive Control 14   MEAN 0 24216 1.00                   
Positive Control 14   1 NA 116341 4.80                   

Positive Control 14   2 NA 213773 8.83                   

Positive Control 14   3 NA 182037 7.52                   

Positive Control 14   4 NA 192821 7.96                   

Positive Control 14   MEAN NA 176243 7.28                   
Vehicle - Substance 14 DMSO 1 0 33858 0.81                   

Vehicle - Substance 14 DMSO 2 0 31373 0.75                   

Vehicle - Substance 14 DMSO 3 0 60046 1.44                   

Vehicle - Substance 14 DMSO 4 0 41804 1.00                   

Vehicle - Substance 14 DMSO MEAN 0 41770 1.00                   
Cobalt chloride 14 DMSO 1 1 104955 2.51 3 193202 4.63 5 239096 5.72       

Cobalt chloride 14 DMSO 2 1 83477 2.00 3 147696 3.54 5 128719 3.08       

Cobalt chloride 14 DMSO 3 1 85107 2.04 3 165128 3.95 5 160037 3.83       

Cobalt chloride 14 DMSO 4 1 114867 2.75 3 179062 4.29 5 182970 4.38       

Cobalt chloride 14 DMSO MEAN 1 97101 2.32 3 171272 4.10 5 177705 4.25 1.76 1.20 0.82 

Nickel (II) sulfate 
hexahydrate 

14 DMSO 1 1 104492 2.50 3 72152 1.73 10 71690 1.72       

Nickel (II) sulfate 
hexahydrate 

14 DMSO 2 1 58854 1.41 3 48034 1.15 10 NA NA       

Nickel (II) sulfate 
hexahydrate 

14 DMSO 3 1 94853 2.27 3 68084 1.63 10 97605 2.34       

Nickel (II) sulfate 
hexahydrate 

14 DMSO 4 1 53019 1.27 3 72530 1.74 10 97675 2.34       

Nickel (II) sulfate 
hexahydrate 

14 DMSO MEAN 1 77804 1.86 3 65200 1.56 10 88990 2.13 NA NA 8.40 

Vehicle - Positive Control 15   1 0 39487 1.12                   

Vehicle - Positive Control 15   2 0 45663 1.30                   

Vehicle - Positive Control 15   3 0 28492 0.81                   

Vehicle - Positive Control 15   4 0 26819 0.76                   

Vehicle - Positive Control 15   MEAN 0 35115 1.00                   
Positive Control 15   1 NA 157090 4.47                   
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Substance 
Lab 
No.1 Vehicle 

Animal 
No. 

1 
Conc. 
(%) 

1 
Mean 
ATP2 

1 SI 
2 

Conc. 
(%) 

2 
Mean 
ATP2 

2 SI 
3 

Conc. 
(%) 

3 
Mean 
ATP2 

3 SI 
Calc. 
EC33 

Calc. 
EC2.54 

Calc. 
EC25 

Positive Control 15   2 NA 164583 4.69                   

Positive Control 15   3 NA 77120 2.20                   

Positive Control 15   4 NA 157960 4.50                   

Positive Control 15   MEAN NA 139188 3.96                   

Vehicle - Substance 15 AOO 1 0 26758 0.86                   

Vehicle - Substance 15 AOO 2 0 46603 1.49                   

Vehicle - Substance 15 AOO 3 0 23061 0.74                   

Vehicle - Substance 15 AOO 4 0 28334 0.91                   

Vehicle - Substance 15 AOO MEAN 0 31189 1.00                   
Hexyl cinnamic aldehyde 15 AOO 1 5 38890 1.25 10 71984 2.31 25 124344 3.99       

Hexyl cinnamic aldehyde 15 AOO 2 5 55784 1.79 10 66130 2.12 25 85306 2.74       

Hexyl cinnamic aldehyde 15 AOO 3 5 43619 1.40 10 84295 2.70 25 142287 4.56       

Hexyl cinnamic aldehyde 15 AOO 4 5 49120 1.57 10 91478 2.93 25 136649 4.38      

Hexyl cinnamic aldehyde 15 AOO MEAN 5 46853 1.50 10 78471 2.52 25 122146 3.92 15.18 9.92 7.45 
Vehicle - Positive Control 15   1 0 43807 1.36                   

Vehicle - Positive Control 15   2 0 26515 0.82                   

Vehicle - Positive Control 15   3 0 29210 0.90                   

Vehicle - Positive Control 15   4 0 29709 0.92                   

Vehicle - Positive Control 15   MEAN 0 32310 1.00                   
Positive Control 15   1 NA 118146 3.66                   

Positive Control 15   2 NA 172004 5.32                   

Positive Control 15   3 NA 135989 4.21                   

Positive Control 15   4 NA 163682 5.07                   

Positive Control 15   MEAN NA 147455 4.56                   
Vehicle - Substance 15 DMSO 1 0 35762 0.72                   

Vehicle - Substance 15 DMSO 2 0 32858 0.67                   

Vehicle - Substance 15 DMSO 3 0 49385 1.00                   

Vehicle - Substance 15 DMSO 4 0 79406 1.61                   

Vehicle - Substance 15 DMSO MEAN 0 49353 1.00                   
Lactic acid 15 DMSO 1 5 35838 0.73 10 40908 0.83 25 31906 0.65       

Lactic acid 15 DMSO 2 5 46572 0.94 10 44335 0.90 25 37990 0.77       

Lactic acid 15 DMSO 3 5 43793 0.89 10 70146 1.42 25 33696 0.68       

Lactic acid 15 DMSO 4 5 56717 1.15 10 36323 0.74 25 37444 0.76       
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Substance 
Lab 
No.1 Vehicle 

Animal 
No. 

1 
Conc. 
(%) 

1 
Mean 
ATP2 

1 SI 
2 

Conc. 
(%) 

2 
Mean 
ATP2 

2 SI 
3 

Conc. 
(%) 

3 
Mean 
ATP2 

3 SI 
Calc. 
EC33 

Calc. 
EC2.54 

Calc. 
EC25 

Lactic acid 15 DMSO MEAN 5 45730 0.93 10 47928 0.97 25 35259 0.71 NA NA NA 

Potassium dichromate 15 DMSO 1 0.1 121714 2.47 0.3 215997 4.38 1.0 360162 7.30       

Potassium dichromate 15 DMSO 2 0.1 177882 3.60 0.3 210129 4.26 1.0 191584 3.88       

Potassium dichromate 15 DMSO 3 0.1 132281 2.68 0.3 226134 4.58 1.0 340917 6.91       

Potassium dichromate 15 DMSO 4 0.1 93102 1.89 0.3 115017 2.33 1.0 293061 5.94       

Potassium dichromate 15 DMSO MEAN 0.1 131244 2.66 0.3 191819 3.89 1.0 296431 6.01 0.16 0.09 0.06 

Vehicle - Positive Control 16   1 0 40980 1.14                   

Vehicle - Positive Control 16   2 0 29750 0.83                   

Vehicle - Positive Control 16   3 0 37809 1.05                   

Vehicle - Positive Control 16   4 0 35687 0.99                   

Vehicle - Positive Control 16   MEAN 0 36056 1.00                   

Positive Control 16   1 NA 166596 4.62                   

Positive Control 16   2 NA 324494 9.00                   

Positive Control 16   3 NA 309550 8.59                   

Positive Control 16   4 NA 255550 7.09                   

Positive Control 17   MEAN NA 264047 7.32                   

Vehicle - Substance 16 AOO 1 0 28428 1.00                   

Vehicle - Substance 16 AOO 2 0 25378 0.89                   

Vehicle - Substance 16 AOO 3 0 40570 1.43                   

Vehicle - Substance 16 AOO 4 0 19307 0.68                   

Vehicle - Substance 16 AOO MEAN 0 28421 1.00                   
Hexyl cinnamic aldehyde 16 AOO 1 5 68037 2.39 10 134273 4.72 25 255545 8.99       

Hexyl cinnamic aldehyde 16 AOO 2 5 75307 2.65 10 132074 4.65 25 274377 9.65       

Hexyl cinnamic aldehyde 16 AOO 3 5 70208 2.47 10 192936 6.79 25 235997 8.30       

Hexyl cinnamic aldehyde 16 AOO 4 5 47285 1.66 10 127598 4.49 25 190963 6.72       

Hexyl cinnamic aldehyde 16 AOO MEAN 5 65209 2.29 10 146720 5.16 25 239220 8.42 6.23 5.36 4.66 
Vehicle - Positive Control 16   1 0 45989 1.19                   

Vehicle - Positive Control 16   2 0 31080 0.80                   

Vehicle - Positive Control 16   3 0 40234 1.04                   

Vehicle - Positive Control 16   4 0 37535 0.97                   

Vehicle - Positive Control 16   MEAN 0 38709 1.00                   
Positive Control 16   1 NA 266865 6.89                   

Positive Control 16   2 NA 266443 6.88                   
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Substance 
Lab 
No.1 Vehicle 

Animal 
No. 

1 
Conc. 
(%) 

1 
Mean 
ATP2 

1 SI 
2 

Conc. 
(%) 

2 
Mean 
ATP2 

2 SI 
3 

Conc. 
(%) 

3 
Mean 
ATP2 

3 SI 
Calc. 
EC33 

Calc. 
EC2.54 

Calc. 
EC25 

Positive Control 16   3 NA 291111 7.52                   

Positive Control 16   4 NA 264989 6.85                   

Positive Control 16   MEAN NA 272352 7.04                   

Vehicle - Substance 16 DMSO 1 0 78052 1.02                   

Vehicle - Substance 16 DMSO 2 0 111835 1.47                   

Vehicle - Substance 16 DMSO 3 0 43088 0.57                   

Vehicle - Substance 16 DMSO 4 0 71636 0.94                   

Vehicle - Substance 16 DMSO MEAN 0 76153 1.00                   

Nickel (II) sulfate 
hexahydrate 

16 DMSO 1 1 104880 1.38 3 109460 1.44 10 78555 1.03       

Nickel (II) sulfate 
hexahydrate 

16 DMSO 2 1 80888 1.06 3 116987 1.54 10 115405 1.52       

Nickel (II) sulfate 
hexahydrate 

16 DMSO 3 1 92663 1.22 3 110261 1.45 10 88420 1.16       

Nickel (II) sulfate 
hexahydrate 

16 DMSO 4 1 81686 1.07 3 139021 1.83 10 71548 0.94       

Nickel (II) sulfate 
hexahydrate 

16 DMSO MEAN 1 90029 1.18 3 118932 1.56 10 88482 1.16 NA NA NA 

Lactic acid 16 DMSO 1 5 56025 0.74 10 44029 0.58 25 72313 0.95       

Lactic acid 16 DMSO 2 5 72079 0.95 10 67039 0.88 25 47618 0.63       

Lactic acid 16 DMSO 3 5 58768 0.77 10 63161 0.83 25 75699 0.99       

Lactic acid 16 DMSO 4 5 90115 1.18 10 68256 0.90 25 80804 1.06       

Lactic acid 16 DMSO MEAN 5 69247 0.91 10 60621 0.80 25 69108 0.91 NA NA NA 
Vehicle - Positive Control 17   1 0 16598 1.00                   

Vehicle - Positive Control 17   2 0 21167 1.28                   

Vehicle - Positive Control 17   3 0 20244 1.22                   

Vehicle - Positive Control 17   4 0 8376 0.50                   

Vehicle - Positive Control 17   MEAN 0 16596 1.00                   
Positive Control 17   1 NA 130759 7.88                   

Positive Control 17   2 NA 159307 9.60                   

Positive Control 17   3 NA 101692 6.13                   

Positive Control 17   4 NA 105306 6.35                   

Positive Control 17   MEAN NA 124266 7.49                   



DRAFT LLNA: DA Background Review Document – Appendix D3 March 2009 
 

D-61 

Substance 
Lab 
No.1 Vehicle 

Animal 
No. 

1 
Conc. 
(%) 

1 
Mean 
ATP2 

1 SI 
2 

Conc. 
(%) 

2 
Mean 
ATP2 

2 SI 
3 

Conc. 
(%) 

3 
Mean 
ATP2 

3 SI 
Calc. 
EC33 

Calc. 
EC2.54 

Calc. 
EC25 

Vehicle - Substance 17 AOO 1 0 22001 0.92                   

Vehicle - Substance 17 AOO 2 0 17205 0.72                   

Vehicle - Substance 17 AOO 3 0 38937 1.63                   

Vehicle - Substance 17 AOO 4 0 17407 0.73                   

Vehicle - Substance 17 AOO MEAN 0 23888 1.00                   
Hexyl cinnamic aldehyde 17 AOO 1 5 37307 1.56 10 96209 4.03 25 123470 5.17       

Hexyl cinnamic aldehyde 17 AOO 2 5 23097 0.97 10 106660 4.47 25 144993 6.07       

Hexyl cinnamic aldehyde 17 AOO 3 5 33287 1.39 10 109225 4.57 25 191859 8.03       

Hexyl cinnamic aldehyde 17 AOO 4 5 32984 1.38 10 129230 5.41 25 156101 6.53       

Hexyl cinnamic aldehyde 17 AOO MEAN 5 31668 1.33 10 110331 4.62 25 154106 6.45 7.54 6.78 6.02 

Vehicle - Positive Control 17   1 0 11526 0.63                   

Vehicle - Positive Control 17   2 0 12942 0.71                   

Vehicle - Positive Control 17   3 0 16830 0.92                   

Vehicle - Positive Control 17   4 0 31658 1.74                   

Vehicle - Positive Control 17   MEAN 0 18239 1.00                   

Positive Control 17   1 NA 152686 8.37                   

Positive Control 17   2 NA 167020 9.16                   

Positive Control 17   3 NA 133016 7.29                   

Positive Control 17   4 NA 160607 8.81                   

Positive Control 17   MEAN NA 153332 8.41                   

Vehicle - Substance 17 DMSO 1 0 47192 0.93                   

Vehicle - Substance 17 DMSO 2 0 45146 0.89                   

Vehicle - Substance 17 DMSO 3 0 57466 1.13                   

Vehicle - Substance 17 DMSO 4 0 53459 1.05                   

Vehicle - Substance 17 DMSO MEAN 0 50815 1.00                   

Cobalt chloride 17 DMSO 1 1 134969 2.66 3 206718 4.07 5 297901 5.86       

Cobalt chloride 17 DMSO 2 1 249468 4.91 3 243849 4.80 5 231316 4.55       

Cobalt chloride 17 DMSO 3 1 104002 2.05 3 212124 4.17 5 192465 3.79       

Cobalt chloride 17 DMSO 4 1 106668 2.10 3 201772 3.97 5 306231 6.03       

Cobalt chloride 17 DMSO MEAN 1 148776 2.93 3 216116 4.25 5 256978 5.06 1.11 0.70 0.46 

Potassium dichromate 17 DMSO 1 0.1 212537 4.18 0.3 281536 5.54 1.0 349431 6.88       

Potassium dichromate 17 DMSO 2 0.1 192220 3.78 0.3 284296 5.59 1.0 269795 5.31       

Potassium dichromate 17 DMSO 3 0.1 110195 2.17 0.3 229749 4.52 1.0 278313 5.48       



DRAFT LLNA: DA Background Review Document – Appendix D3 March 2009 
 

D-62 

Substance 
Lab 
No.1 Vehicle 

Animal 
No. 

1 
Conc. 
(%) 

1 
Mean 
ATP2 

1 SI 
2 

Conc. 
(%) 

2 
Mean 
ATP2 

2 SI 
3 

Conc. 
(%) 

3 
Mean 
ATP2 

3 SI 
Calc. 
EC33 

Calc. 
EC2.54 

Calc. 
EC25 

Potassium dichromate 17 DMSO 4 0.1 146041 2.87 0.3 232971 4.58 1.0 397799 7.83       

Potassium dichromate 17 DMSO MEAN 0.1 165248 3.25 0.3 257138 5.06 1.0 323834 6.37 0.09 0.06 0.05 
Abbreviations: ACE = acetone; AOO = acetone: olive oil (4:1); ATP = adenosine triphosphate; Calc. = calculated; Conc. = concentration; DMSO = dimethyl sulfoxide; 
IDR  = insufficient dose response; NA = not applicable; No. = number; NT = not tested; SI = stimulation Index. 
1Laboratories 1 – 10 participated in the first phase, and laboratories 11 – 17 participated in the second phase of the two-phased interlaboratory validation study. 
2Two ATP measurements were taken for each animal and the mean ATP is indicated. 
3EC3 value was calculated based on interpolation or extrapolation formulas discussed in Gerberick et al. 2004. 
4EC2.5 value was calculated based on modified interpolation or extrapolation formulas for EC3 discussed in Gerberick et al. 2004. 
5EC2 value was calculated based on modified interpolation or extrapolation formulas for EC3 discussed in Gerberick et al. 2004. 
 



DRAFT LLNA: DA Background Review Document – Appendix E March 2009 

E-1 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
 10 
 11 
 12 
 13 

 14 
 15 

Appendix E 16 

LLNA: DA Accuracy Analysis Using Additional Approaches for Combining Multiple 17 

Test Results  18 

19 



DRAFT LLNA: DA Background Review Document – Appendix E March 2009 

E-2 

 19 

 20 

 21 

 22 

 23 

 24 

 25 

 26 

 27 

 28 

 [This Page Intentionally Left Blank] 29 

30 



DRAFT LLNA: DA Background Review Document – Appendix E March 2009 

E-3 

1.0 Accuracy Analysis Using Alternative Decision Criteria and 30 

Alternate Methods for Combining Data for Substances Tested 31 

Multiple Times 32 

This appendix shows performance analyses for the murine local lymph node assay (LLNA) 33 

modified by Daicel Chemical Industries, Ltd., based on adenosine triphosphate content 34 

(ATP; referred to hereafter as the “LLNA: DA”) for alternative decision criteria when using 35 

two different approaches for combining test results for the 14 substances with multiple 36 

LLNA: DA tests. 37 

1. The positive/negative outcome for each substance for each criterion was 38 

determined by the outcome of the test with the highest maximum stimulation 39 

index (SI) of the multiple tests. 40 

2. The positive/negative outcome for each substance for each criterion was 41 

determined by the outcome of the test with the lowest maximum SI of the 42 

multiple tests. 43 

Section 6.0 of this background review document provides the results for the analysis when 44 

the most prevalent outcome was used to represent the result for each substance tested 45 

multiple times (for each criterion). 46 

1.1 Results of LLNA: DA Accuracy Analysis Using Alternative Decision Criteria 47 

and Highest Maximum SI for the Outcome of Multiple Tests 48 

When combining multiple test results for a single substance by using the outcome of the test 49 

with the highest maximum SI, the decision criterion of SI ≥ 3.0 (used by the LLNA: DA 50 

validation study team) to identify sensitizers yielded an accuracy of 93% (41/44), a 51 

sensitivity of 91% (29/32), a specificity of 100% (12/12), a false positive rate of 0% (0/12), 52 

and a false negative rate of 9% (3/32) (Table E-1). The decision criteria using higher SI 53 

values, SI ≥ 3.5 to SI ≥ 5.0, decreased performance except for the specificity and the false 54 

positive rate, which remained at 100% (12/12) and 0% (0/12), respectively (Figure E-1 and 55 

Table E-1). The lower SI criterion, SI ≥ 2.5, increased accuracy to 96% (42/44) and 56 

sensitivity to 94% (30/32), while the specificity and the false positive rate remained the same 57 

at 100% (12/12) and 0% (0/12), respectively. Further, the false negative rate decreased to 6% 58 
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(2/32) at SI ≥ 2.5. At an even lower SI criterion, SI ≥ 1.3, accuracy was 82% (36/44) and 59 

sensitivity was 100% (32/32), while the specificity was low (33% [4/12]) and the false 60 

positive rate was high (67% [8/12]). Further, the false negative rate decreased to 0% (0/32) at 61 

SI ≥ 1.3. The use of analysis of variance (ANOVA) and summary statistics (i.e., mean ATP 62 

measurement of treated groups ≥95% confidence interval (CI) of the control group, or ≥2 or 63 

≥3 standard deviation [SD] from the control group mean), yielded accuracy values of 75% to 64 

84%, with sensitivity values of 88% to 100%, and false negative rates of 0 to 13%. The 65 

specificity for these criteria ranged from 8% to 58% and the false positive rates were 42% to 66 

92%. Of these alternative decision criteria, the best overall performance for the approach 67 

using the highest maximum SI for the substances with more than one test was achieved using 68 

an SI ≥ 2.5, as summarized above. Using an SI ≥ 2.5, however, incorrectly classified 2-69 

mercaptobenzothiazole, a commonly know skin sensitizer. 70 

71 
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Figure E-1 Performance of the LLNA: DA with SI Compared to the Traditional 71 
LLNA Using the Highest Maximum SI for Substances with Multiple 72 
Tests 73 
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As compared to traditional LLNA results, the lines show the change in performance characteristics 75 
for the LLNA: DA with the SI cutoff used to identify sensitizers. This analysis used LLNA: DA and 76 
traditional LLNA results for 44 substances (32 traditional LLNA sensitizers and 12 traditional LLNA 77 
nonsensitizers). For the 14 substances with multiple test results, the results for each substance were 78 
combined by using the outcome for the test with the highest maximum SI value. The solid line shows 79 
accuracy, the dashed line shows the false positive rate, and the dotted line shows the false negative 80 
rate. 81 
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Table E-1 Performance of the LLNA: DA Compared with the Traditional LLNA Using Alternative Decision Criteria to 82 
Identify Sensitizers Based on the Highest Maximum SI for Substances with Multiple Tests 83 

Accuracy Sensitivity Specificity 
False Positive 

Rate 
False Negative 

Rate 
Positive 

Predictivity 
Negative 

Predictivity Alternate 
Criterion 

N1 
% No.2 % No. 2 % No. 2 % No. 2 % No. 2 % No. 2 % No. 2 

Statistics3 44 84 37/44 94 30/32 58 7/12 42 5/12 6 2/32 86 30/35 78 7/9 

≥ 95% CI4 44 75 33/44 100 32/32 8 1/12 92 11/12 0 0/32 74 32/43 100 1/1 

≥ 2 SD5 44 77 34/44 91 29/32 42 5/12 58 7/12 9 3/32 81 29/36 63 5/8 

≥ 3 SD6 44 77 34/44 88 28/32 50 6/12 50 6/12 13 4/32 82 28/34 60 6/10 

SI ≥ 5.0 44 64 28/44 50 16/32 100 12/12 0 0/12 50 16/32 100 16/16 43 12/28 

SI ≥ 4.5 44 75 33/44 66 21/32 100 12/12 0 0/12 34 11/32 100 21/21 52 12/23 

SI ≥ 4.0 44 86 38/44 81 26/32 100 12/12 0 0/12 19 6/32 100 26/26 67 12/18 

SI ≥ 3.5 44 91 40/44 88 28/32 100 12/12 0 0/12 13 4/32 100 28/28 75 12/16 

SI ≥ 3.0 44 93 41/44 91 29/32 100 12/12 0 0/12 9 3/32 100 29/29 80 12/15 

SI ≥ 2.5 44 96 42/44 94 30/32 100 12/12 0 0/12 6 2/32 100 30/30 86 12/14 

SI ≥ 2.0 44 91 40/44 97 31/32 75 9/12 25 3/12 3 1/32 91 31/34 90 9/10 

SI ≥ 1.5 44 86 38/44 100 32/32 50 6/12 50 6/12 0 0/32 84 32/38 100 6/6 

SI ≥ 1.3 44 82 36/44 100 32/32 33 4/12 67 8/12 0 0/32 80 32/40 100 4/4 

Bolded text indicates the decision criterion chosen by the LLNA: DA validation study team; Italicized text indicates the single decision criterion that had an overall increased performance in predicting 84 
skin sensitization potential when compared to the traditional LLNA. 85 
Abbreviations: CI = confidence interval; LLNA = murine local lymph node assay; LLNA: DA = murine local lymph node assay modified by Daicel Chemical Industries, Ltd. based on ATP Content; 86 
No. = number; SD = standard deviation; SI = stimulation index 87 
1N = Number of substances included in this analysis. 88 
2The proportion on which the percentage calculation is based. 89 
3Analysis of variance for difference of group means when substances were tested at multiple doses or t-test when substances were tested at one dose. The ATP data were log-transformed prior to 90 
statistical analyses. For analysis of variance, significance at p < 0.05 was further tested by Dunnett’s test. 91 

4 The mean ATP of at least one treatment group was outside the 95% CI for the mean ATP of the vehicle control group. 92 
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5 The mean ATP of at least one treatment group was greater than 2 SD from the mean ATP of the vehicle control group. 93 
6 The mean ATP of at least one treatment group was greater than 3 SD from the mean ATP of the vehicle control group. 94 
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1.2 Results of LLNA: DA Accuracy Analysis Using Alternative Decision Criteria 95 

and Lowest Maximum SI for the Outcome of Multiple Tests 96 

When combining multiple test results for a single substance using the outcome of the test 97 

with the lowest maximum SI to identify sensitizers, the decision criterion of SI ≥ 3.0 (used by 98 

the LLNA: DA validation study team) yielded an accuracy of 84% (37/44), a sensitivity of 99 

78% (25/32), a specificity of 100% (12/12), a false positive rate of 0% (0/12), and a false 100 

negative rate of 22% (7/32) (Table E-2). The decision criteria using higher SI values, 101 

SI ≥ 3.5 to SI ≥ 5.0, decreased performance except for the specificity and the false positive 102 

rate, which remained at 100% (12/12) and 0% (0/12), respectively (Figure E-2 and Table E-103 

2). At SI ≥ 5.0, accuracy decreased to 46% (20/44) and the false negative rate increased to 104 

75% (24/32). Use of a lower SI at SI ≥ 2.5 increased accuracy to 89% (39/44) and sensitivity 105 

to 84% (27/32), while the specificity and false positive rate remained the same at 100% 106 

(12/12) and 0% (0/12), respectively. Further, the false negative rate decreased to 16% (5/32) 107 

at SI ≥ 2.5. At an even lower SI criterion, SI ≥ 1.3, accuracy was decreased to 86% (38/44) 108 

but the sensitivity increased to 97% (31/32), while the specificity was 58% (7/12) and the 109 

false positive rate was 42% (5/12). Further, the false negative rate decreased to 3% (1/32) at 110 

SI ≥ 1.3. Use of a statistical test (i.e., ANOVA or t-test) and summary statistics (i.e., mean 111 

ATP measurements of treated groups ≥95% CI of the control group, or ≥2 or ≥3 SD from the 112 

control group mean), yielded accuracy values of 77 to 82%, with sensitivity values of 84 to 113 

97%, and false negative rates of 3 to 16%. Both the specificity and false positive rate for 114 

these criteria ranged from 42 to 58%. Of these alternative decision criteria, the best overall 115 

performance for the approach using the lowest maximum SI for the substances with more 116 

than one test was achieved using SI ≥ 2.5, as summarized above. 117 

118 
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Figure E-2 Performance of the LLNA: DA with SI Compared to the Traditional 118 
LLNA Using the Lowest Maximum SI for Substances with Multiple Tests 119 
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As compared to traditional LLNA results, the lines show the change in performance characteristics 121 
for the LLNA: DA with the SI cutoff used to identify sensitizers. This analysis used LLNA: DA and 122 
traditional LLNA results for 44 substances (32 traditional LLNA sensitizers and 12 traditional LLNA 123 
nonsensitizers). For the 14 substances with multiple test results, the results for each substance were 124 
combined by using the outcome for the test with the lowest maximum SI value. The solid line shows 125 
accuracy, the dashed line shows the false positive rate, and the dotted line shows the false negative 126 
rate. 127 
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Table E-2 Performance of the LLNA: DA Compared with the Traditional LLNA Using Alternative Decision Criteria to 128 
Identify Sensitizers Based on the Lowest Maximum SI for Substances with Multiple Tests 129 

Accuracy Sensitivity Specificity 
False Positive 

Rate 
False Negative 

Rate 
Positive 

Predictivity 
Negative 

Predictivity Alternate 
Criterion 

N1 
% No.2 % No. 2 % No. 2 % No. 2 % No. 2 % No. 2 % No. 2 

Statistics3 44 82 36/44 91 29/32 58 7/12 42 5/12 9 3/32 85 29/34 70 7/10 

≥ 95% CI4 44 82 36/44 97 31/32 42 5/12 58 7/12 3 1/32 82 31/38 83 5/6 

≥ 2 SD5 44 77 34/44 88 28/32 50 6/12 50 6/12 13 4/32 82 28/34 60 6/10 

≥ 3 SD6 44 77 34/44 84 27/32 58 7/12 42 5/12 16 5/32 84 27/32 58 7/12 

SI ≥ 5.0 44 46 20/44 25 8/32 100 12/12 0 0/12 75 24/32 100 8/8 33 12/36 

SI ≥ 4.5 44 59 26/44 44 14/32 100 12/12 0 0/12 56 18/32 100 14/14 40 12/30 

SI ≥ 4.0 44 73 32/44 63 20/32 100 12/12 0 0/12 38 12/32 100 20/20 50 12/24 

SI ≥ 3.5 44 82 36/44 75 24/32 100 12/12 0 0/12 25 8/32 100 24/24 60 12/20 

SI ≥ 3.0 44 84 37/44 78 25/32 100 12/12 0 0/12 22 7/32 100 25/25 63 12/19 

SI ≥ 2.5 44 89 39/44 84 27/32 100 12/12 0 0/12 16 5/32 100 27/27 71 12/17 

SI ≥ 2.0 44 86 38/44 91 29/32 75 9/12 25 3/12 9 3/32 91 29/32 75 9/12 

SI ≥ 1.5 44 89 39/44 97 31/32 67 8/12 33 4/12 3 1/32 89 31/35 89 8/9 

SI ≥ 1.3 44 86 38/44 97 31/32 58 7/12 42 5/12 3 1/32 86 31/36 88 7/8 

Bolded text indicates the decision criterion chosen by the LLNA: DA validation study team; Italicized text indicates the single decision criterion that had an overall increased performance in predicting 130 
skin sensitization potential when compared to the traditional LLNA. 131 
Abbreviations: CI = confidence interval; LLNA: DA = murine local lymph node assay modified by Daicel Chemical Industries, Ltd. based on ATP Content; No. = number; SD = standard deviation; SI = 132 
stimulation index 133 
1N = Number of substances included in this analysis. 134 
2The proportion on which the percentage calculation is based. 135 
3Analysis of variance for difference of group means when substances were tested at multiple doses or t-test when substances were tested at one dose. The ATP data were log-transformed prior to 136 
statistical analyses. For analysis of variance, significance at p < 0.05 was further tested by Dunnett’s test. 137 

4 The mean ATP of at least one treatment group was outside the 95% confidence interval for the mean ATP of the vehicle control group. 138 



DRAFT LLNA: DA Background Review Document – Appendix E March 2009 
 

E-11 

5 The mean ATP of at least one treatment group was greater than 2 SD from the mean ATP of the vehicle control group. 139 
6 The mean ATP of at least one treatment group was greater than 3 SD from the mean ATP of the vehicle control group. 140 
.141 
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2.0 Discordant Results for Accuracy Analysis of Alternative Decision 142 

Criteria 143 

As mentioned above, for the 14 substances with multiple test results using the decision 144 

criteria of SI ≥ 2.5 to identify sensitizers (based on the test with the highest maximum SI) 145 

yielded the best overall performance among the alternative decision criteria evaluated. When 146 

compared to the traditional LLNA, 2-mercaptobenzothiazole, a well-known skin sensitizer 147 

was misclassified as a nonsensitizer (Table E-3). 148 

2.1 Discordant Results Using Alternative Decision Criteria and Highest 149 

Maximum SI Outcome for Multiple Tests 150 

Using the decision criterion of SI ≥ 3.0 to identify sensitizers and the test with the highest 151 

maximum SI as the representative result for substances with multiple tests yielded three 152 

discordant substances (i.e., 3-aminophenol, 2-mercaptobenzothiazole, and methyl 153 

methacrylate), all misclassified as nonsensitizers by the LLNA: DA. 154 

Table E-3 shows how the number and identity of discordant substances changes with the 155 

alternate decision criteria when using the test with the highest maximum SI to represent the 156 

outcome for substances with multiple tests. Using an SI cutoff lower than three to identify 157 

sensitizers, such as SI ≥ 2.0, yielded four discordant substances: chlorobenzene, hexane, and 158 

salicylic acid were misclassified as sensitizers and methyl methacrylate was misclassified as 159 

a nonsensitizer. Using an even lower SI cutoff of SI ≥ 1.3 to identify sensitizers, yielded five 160 

additional discordant substances that were all misclassified as sensitizers (i.e., 1-161 

bromobutane, dimethyl isophthalate, isopropanol, methyl salicylate, and nickel [II] chloride). 162 

Increasing the SI cutoff to values greater than three, increased the number of sensitizers that 163 

were misclassified as nonsensitizers. At SI ≥ 4.0, six traditional LLNA sensitizers were 164 

misclassified as nonsensitizers by the LLNA: DA while at SI ≥ 5.0, 17 sensitizers were 165 

classified as nonsensitizers (Table E-3). 166 

Use of a statistical test (i.e., ANOVA or t-test) or summary statistics (i.e., ≥95% CI, ≥2 SD, 167 

or ≥3 SD) tended to misclassify nonsensitizers in the traditional LLNA as sensitizers in the 168 

LLNA: DA. Using ANOVA or t-test to identify sensitizers misclassified five nonsensitizers 169 

(i.e., 1-bromobutane, chlorobenzene, hexane, salicylic acid, and sulfanilamide) as sensitizers 170 
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and two sensitizers (i.e., 2-mercaptobenzothiazole and methyl methacrylate) as 171 

nonsensitizers. Using treatment group ATP measurement with ≥2 SD or ≥3 SD of the vehicle 172 

control mean or a ≥95% CI of the vehicle control mean, all misclassified the following six 173 

traditional LLNA nonsensitizers as sensitizers: 1-bromobutane, chlorobenzene, hexane, 174 

isopropanol, nickel (II) chloride, and propylparaben. The ≥95% CI of the vehicle control 175 

mean misclassified four additional nonsensitizers (i.e., diethyl phthalate, dimethyl 176 

isophthalate, lactic acid, and methyl salicylate) as sensitizers. In addition, ≥2 SD or ≥3 SD of 177 

the vehicle control mean commonly misclassified three sensitizers as nonsensitizers (i.e., 178 

ethyl acrylate, methyl methacrylate, and propyl gallate). 179 

Thirteen of the 22 ICCVAM-recommended LLNA performance standards reference 180 

substances (ICCVAM 2009) tested in the LLNA: DA were discordant for the analysis of 181 

alternate decision criteria using the test with the highest maximum SI to represent substances 182 

with multiple tests (Table E-3) when compared to the traditional LLNA. Six nonsensitizers 183 

in the traditional LLNA (i.e., chlorobenzene, isopropanol, lactic acid, methyl salicylate, 184 

nickel [II] chloride, and salicylic acid) were misclassified by some criteria in the LLNA: DA 185 

as a sensitizers, and seven sensitizers in the traditional LLNA (i.e., citral, ethylene glycol 186 

dimethacrylate, imidazolidinyl urea, 2-mercaptobenzothiazole, methyl methacrylate, phenyl 187 

benzoate, and sodium lauryl sulfate) were misclassified as nonsensitizers by some criteria 188 

when tested in the LLNA: DA. 189 
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Table E-3 Discordant Results for the LLNA: DA Using Alternative Decision Criteria Compared to the Traditional LLNA 190 
Based on the Highest Maximum SI for Substances with Multiple Tests 191 

Alternate Decision Criterion2 

Discordant Substance1 

Statistics3 
≥95% 

CI4 
≥2 

SD5 
≥3 

SD6 
SI ≥ 
5.0 

SI ≥ 
4.5 

SI ≥ 
4.0 

SI ≥ 
3.5 

SI ≥ 
3.0 

SI ≥ 
2.5 

SI ≥ 
2.0 

SI ≥ 
1.5 

SI ≥ 
1.3 

3-Aminophenol (3.2%)     - - - - -     

p-Benzoquinone (0.01%)     - - -       

1-Bromobutane (-) + + + +        + + 
Butyl glycidyl ether 
(30.9%) 

   - -         

Chlorobenzene (-) + + + +       + + + 

Cinnamic aldehyde (1.9%)     -         

Citral (9.2%)     - -        

Diethyl maleate (3.6%)     - - -       

Diethyl phthalate (-)  +            

Dimethyl isophthalate (-)             + 

Ethyl acrylate (32.8%)   - - - -        
Ethylene glycol 
dimethacrylate  (28.0%) 

    - -        

Hexane (-) + + + +       + + + 
Imidazolidinyl urea 
(24.0%)     -         

Isopropanol (-)  + + +        + + 

Lactic acid (-)  +            

2-Mercaptobenzothiazole -    - - - - - -    
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Alternate Decision Criterion2 

Discordant Substance1 

Statistics3 
≥95% 

CI4 
≥2 

SD5 
≥3 

SD6 
SI ≥ 
5.0 

SI ≥ 
4.5 

SI ≥ 
4.0 

SI ≥ 
3.5 

SI ≥ 
3.0 

SI ≥ 
2.5 

SI ≥ 
2.0 

SI ≥ 
1.5 

SI ≥ 
1.3 

(1.7%) 

Methyl methacrylate 
(90.0%) 

-  - - - - - - - - -   

Methyl salicylate (-)  +          + + 

Nickel (II) chloride (-)  + + +         + 

Phenyl benzoate (13.6%)     - -        

Propyl gallate (0.32%)   - - -         

Propylparaben (-)  + + +          

Resorcinol (6.3%)     - -        

Salicylic acid (-) + + +        + + + 
Sodium lauryl sulfate 
(8.1%) 

    - - - -      

Sulfanilamide (-) +             
Trimellitic anhydride 
(4.7%) 

    -         

Abbreviations: CI = confidence interval; LLNA = murine local lymph node assay; LLNA: DA = murine local lymph node assay modified by 192 
Daicel Chemical Industries, Ltd. based on ATP Content; SD = standard deviation; SI = stimulation index. 193 
1Compared to the traditional LLNA; traditional LLNA result in parentheses are “-” for nonsensitizers and EC3 (%) for sensitizers. 194 
2LLNA: DA outcomes are indicated by “+” for sensitizer results and “-” for nonsensitizer results. 195 
3Analysis of variance assessed difference of group means when substances were tested at multiple doses or t-test when substances were tested at 196 
one dose. The ATP data were log-transformed prior to statistical analyses. Significance by analysis of variance at p < 0.05 was further tested by 197 
Dunnett’s test. 198 

4The mean ATP of at least one treatment group was outside the 95% CI for the mean ATP of the vehicle control group. 199 
5The mean ATP of at least one treatment group was greater than 2 SD from the mean ATP of the vehicle control group. 200 
6The mean ATP of at least one treatment group was greater than 3 SD from the mean ATP of the vehicle control group.201 
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2.2 Discordant Results Using Alternative Decision Criteria and Lowest Maximum 202 

SI Outcome for Multiple Tests 203 

As mentioned above, for the substances with multiple tests, using the decision criterion of 204 

SI ≥ 2.5 to identify sensitizers (based on the test with the lowest maximum SI) yielded the 205 

best overall performance for the LLNA: DA when compared to the traditional LLNA. This 206 

decision criterion yielded five discordant substances; all five were sensitizers in the 207 

traditional LLNA but were misclassified as nonsensitizers in the LLNA: DA (i.e., 3-208 

aminophenol, cobalt chloride, 2-mercaptobenzothiazole, methyl methacrylate, and nickel [II] 209 

sulfate hexahydrate) (Table E-4). 210 

Table E-4 shows how the number and identity of discordant substances changes with the 211 

alternate decision criteria when using the test with the lowest maximum SI as the 212 

representative result for substances with multiple tests. Using an SI cutoff less than three, 213 

SI ≥ 2.0, to identify sensitizers yielded six discordant substances. Three of the six discordant 214 

substances (i.e., 3-aminophenol, methyl methacrylate, and nickel [II] sulfate hexahydrate] 215 

were misclassified as nonsensitizers by the LLNA: DA compared to the traditional LLNA 216 

and the remaining three (i.e., chlorobenzene, hexane, and salicylic acid) were misclassified as 217 

sensitizers. Using an even lower SI to identify sensitizers, SI ≥1.3, also yielded six discordant 218 

substances. Chlorobenzene, hexane, and salicylic acid were still misclassified as sensitizers 219 

and nickel (II) sulfate hexahydrate was still misclassified as a nonsensitizer by the LLNA: 220 

DA compared to the traditional LLNA. In addition, 1-bromobutane and nickel (II) chloride 221 

were also misclassified as sensitizers. Increasing the SI cutoff to values greater than three, 222 

increased the number of sensitizers that were misclassified as nonsensitizers. At SI ≥ 4.0, 12 223 

sensitizers were misclassified as nonsensitizers while at SI ≥ 5.0, 24 sensitizers were 224 

misclassified as nonsensitizers (Table E-4). Using the test with the lowest maximum SI as 225 

the result for substances with multiple tests caused even potent sensitizers to be misclassified 226 

as nonsensitizers at the higher SI cutoffs. For instance, at SI ≥ 5.0, 2,4-dinitrochlorobenzene 227 

and glutaraldehyde were classified as nonsensitizers.228 
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Table E-4 Discordant Results for the LLNA: DA Using Alternative Decision Criteria Compared to the Traditional LLNA 229 
Based on the Lowest Maximum SI for Substances with Multiple Tests 230 

Alternate Decision Criterion2 

Discordant Substance1 

Statistics3 
≥95% 

CI4 
≥2 

SD5 
≥3 

SD6 
SI ≥ 
5.0 

SI ≥ 
4.5 

SI ≥ 
4.0 

SI ≥ 
3.5 

SI ≥ 
3.0 

SI ≥ 
2.5 

SI ≥ 
2.0 

SI ≥ 
1.5 

SI ≥ 
1.3 

Abietic Acid (11.9%)     - - -       

3-Aminophenol (3.2%)     - - - - - - -   

p-Benzoquinone (0.01%)     - - -       

1-Bromobutane (-) + + + + -       + + 
Butyl glycidyl ether 
(30.9%)    - -         

Chlorobenzene (-) + + + +       + + + 

Cinnamic aldehyde (1.9%)     -         

Citral (9.2%)     - -        

Cobalt chloride (0.60%)     - - - - - -    

Diethyl phthalate (-)  +            

Dimethyl isophthalate (-)              

Diethyl maleate (3.6%)     - - -       
2,4-Dinitrochlorobenzene 
(0.05%)     -         

Ethyl acrylate (32.8%)   - - - -        
Ethylene glycol 
dimethacrylate (28.0)     - -        

Formaldehyde (0.50%)     - - - - -     

Glutaraldehyde (0.08%)     - - - - -     
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Alternate Decision Criterion2 

Discordant Substance1 

Statistics3 
≥95% 

CI4 
≥2 

SD5 
≥3 

SD6 
SI ≥ 
5.0 

SI ≥ 
4.5 

SI ≥ 
4.0 

SI ≥ 
3.5 

SI ≥ 
3.0 

SI ≥ 
2.5 

SI ≥ 
2.0 

SI ≥ 
1.5 

SI ≥ 
1.3 

Hexane (-) + + + +       + + + 
Hexyl cinnamic aldehyde 
(9.7%) 

    - - -       

Imidazolidinyl urea 
(24.0%) 

    -         

2-Mercaptobenzothiazole 
(1.7%) 

-    - - - - - -    

Methyl methacrylate 
(90.0%) -  - -  - - - - - -   

Nickel (II) chloride (-)  + + +         + 
Nickel (II) sulfate 
hexahydrate (4.8%) - - - - - - - - - - - - - 

Phenyl benzoate (13.6%)     - -        
Potassium dichromate 
(0.17%) 

    - -        

Propyl gallate (0.32%)   - - -         

Propylparaben (-)  + + +          

Resorcinol (6.3%)     - -        

Salicylic acid (-) + + +        + + + 

Sulfanilamide (-) +             
Sodium lauryl sulfate 
(8.1%)     - - - -      

Trimellitic anhydride 
(4.7%)     -         
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Abbreviations: CI = confidence interval; LLNA = murine local lymph node assay; LLNA: DA = murine local lymph node assay modified by 231 
Daicel Chemical Industries, Ltd. based on ATP Content; SD = Standard deviation; SI = Stimulation index. 232 
1Compared to the traditional LLNA; traditional LLNA result in parentheses are “-” for nonsensitizers and EC3 (%) for sensitizers. 233 
2LLNA: DA outcomes are indicated by “+” for sensitizer results and “-” for nonsensitizer results. 234 
3Analysis of variance for difference of group means when substances were tested at multiple doses or t-test when substances were tested at one 235 
dose. The ATP data were log-transformed prior to statistical analyses. Significance by analysis of variance at p < 0.05 was further tested by 236 
Dunnett’s test. 237 

4The mean ATP of at least one treatment group was outside the 95% CI for the mean ATP of the vehicle control group. 238 
5The mean ATP of at least one treatment group was greater than 2 SD from the mean ATP of the vehicle control group. 239 
6The mean ATP of at least one treatment group was greater than 3 SD from the mean ATP of the vehicle control group.240 
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Use of a statistical test (i.e., ANOVA or t-test) or summary statistics (i.e., ≥95% CI, ≥2 SD, 241 

or ≥3 SD) more often misclassified traditional LLNA nonsensitizers than sensitizers (Table 242 

E-4). Using ANOVA or t-test to identify sensitizers misclassified three sensitizers in the 243 

traditional LLNA (i.e., 2-mercaptobenzothiazole, methyl methacrylate, and nickel [II] sulfate 244 

hexahydrate) as nonsensitizers in the LLNA: DA. Further, five nonsensitizers in the 245 

traditional LLNA (i.e., 1-bromobutane, chlorobenzene, hexane, salicylic acid, and 246 

sulfanilamide) were misclassified as sensitizers in the LLNA: DA. Using treatment group 247 

ATP measurement ≥95% CI, ≥2 SD or ≥3 SD of vehicle control mean commonly 248 

misclassified 1-bromobutane, chlorobenzene, hexane, nickel (II) chloride, and propylparaben 249 

as sensitizers and nickel (II) sulfate hexahydrate as a nonsensitizer compared to traditional 250 

LLNA results. In addition each summary statistic misclassified from two to four additional 251 

substances when compared to traditional LLNA results (see Table E-4. 252 

Thirteen of the 22 ICCVAM-recommended LLNA performance standards reference 253 

substances (ICCVAM 2009) were discordant for the analysis of alternate decision criteria 254 

using the test with the lowest maximum SI as the representative result for substances with 255 

multiple tests (Table E-4). One strong sensitizer in the traditional LLNA, 2,4-256 

dinitrochlorobenzene, was misclassified by SI ≥ 5.0 as a nonsensitizer in the LLNA: DA. 257 

Nine additional sensitizers (i.e., citral, cobalt chloride, ethylene glycol dimethacrylate, hexyl 258 

cinnamic aldehyde, imidazolidinyl urea, 2-mercaptobenzothiazole, methyl methacrylate, 259 

phenyl benzoate, and sodium lauryl sulfate) were also misclassified as nonsensitizers by 260 

some criteria in the LLNA: DA. Three nonsensitizers in the traditional LLNA (i.e., 261 

chlorobenzene, nickel [II] chloride, and salicylic acid) were misclassified as sensitizers by 262 

some criteria in the LLNA: DA. 263 

 264 
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1.0 LLNA: DA Test Method Reliability 30 

An assessment of test method reliability (intralaboratory repeatability and intra- and inter-31 

laboratory reproducibility) is an essential element of any evaluation of the performance of an 32 

alternative test method (ICCVAM 2003). Repeatability refers to the closeness of agreement 33 

between test results obtained within a single laboratory when the procedure is performed on 34 

the same substance under identical conditions within a given time period (ICCVAM 1997, 35 

2003). Intralaboratory reproducibility refers to the extent to which qualified personnel within 36 

the same laboratory can replicate results using a specific test protocol at different times. 37 

Interlaboratory reproducibility refers to the extent to which different laboratories can 38 

replicate results using the same protocol and test substances, and indicates the extent to 39 

which a test method can be transferred successfully among laboratories. With regard to the 40 

murine local lymph node assay modified by Daicel Chemical Industries, Ltd., based on ATP 41 

content (referred to hereafter as the “LLNA: DA”) test method, there are no known 42 

intralaboratory repeatability studies, which was also the situation with the traditional murine 43 

local lymph node assay (LLNA). 44 

The reproducibility evaluation in this revised draft background review document (BRD) has 45 

been updated from the January 2008 draft BRD to include an interlaboratory reproducibility 46 

evaluation and a reproducibility analysis using separate stimulation index (SI) criteria to 47 

identify sensitizers and nonsensitizers (see Section 7.0). The available LLNA: DA data were 48 

amenable to both intralaboratory and interlaboratory reproducibility analyses. The evaluation 49 

of a single decision criterion in Section 6.6 showed that SI ≥ 2.0 was the SI value that 50 

produced the lowest false negative rate among the alternative decision criteria evaluated (i.e., 51 

3% [1/32]) when the traditional LLNA was the reference test (Table 6-6). Thus, this 52 

appendix describes the evaluation of reproducibility for the decision criterion of SI ≥ 2.0 to 53 

identify sensitizers, which was evaluated in Section 6.6. In addition the reproducibility for 54 

SI ≥ 3.0, the SI cut-off used in the LLNA: DA validation studies, is also evaluated in this 55 

appendix. 56 

1.1 Intralaboratory Reproducibility (SI ≥ 3.0 and SI ≥ 2.0) 57 

Idehara et al. (2008) evaluated the intralaboratory reproducibility of EC3 (i.e., estimated 58 

concentration needed to produce a stimulation index of three) values for the LLNA: DA 59 
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using two substances (i.e., isoeugenol and eugenol) that were each tested in three different 60 

experiments (Table F-1). The data indicate coefficient of variations (CVs) of 21% and 11% 61 

for isoeugenol and eugenol, respectively. The authors state that for both compounds the EC3 62 

values appeared to be close and that for each test substance the SI values for the same 63 

concentration were fairly reproducible (Idehara et al. 2008). The National Toxicology 64 

Program Interagency Center for the Evaluation of Alternative Toxicological Methods 65 

(NICEATM) also determined the intralaboratory reproducibility of EC2 (i.e., estimated 66 

concentration needed to produce a stimulation index of two) values for the same set of data. 67 

The EC2 results indicate slightly larger intralaboratory variability compared to EC3 results 68 

with CVs of 35% and 20% for isoeugenol and eugenol, respectively. 69 

Table F-1 Intralaboratory Reproducibility of EC3 and EC2 Values Using the 70 
LLNA: DA1 71 

Isoeugenol 

Concentration (%) Experiment 12 Experiment 22 Experiment 32 
Vehicle (AOO) 1.00 ± 0.54 1.00 ± 0.54 1.00 ± 0.30 

0.5 1.50 ± 0.54 ------- 1.22 ± 0.13 
1 2.28 ± 0.60 ------- 2.77 ± 1.01 

2.5 2.78 ± 0.17 3.11 ± 1.15 3.01 ± 0.98 
5 3.39 ± 0.69 4.39 ± 1.25 ------- 
10 5.68 ± 1.19 6.77 ± 0.23 ------- 

EC3 3.40% 2.35% 2.46% 
EC2 0.82% 1.37% 0.75% 

Mean EC3: 2.74% ± 0.58% and 21% CV 
Mean EC2: 0.98% ± 0.34% and 35% CV 

Eugenol 

Concentration (%) Experiment 12 Experiment 22 Experiment 32 
Vehicle (AOO) 1.00 ± 0.17 1.00 ± 0.17 1.00 ± 0.09 

5 2.92 ± 1.00 2.80 ± 1.08 3.24 ± 0.70 
10 7.35 ± 2.62 4.47 ± 0.98 4.79 ± 0.94 
25 10.92 ± 3.63 5.62 ± 3.20 7.07 ± 0.44 

EC3 5.09% 5.59% 4.50% 
EC2 4.33% 3.59% 2.87% 

Mean EC3: 5.06% ± 0.55% and 11% CV 
Mean EC2: 3.60% ± 0.73% and 20% CV 

Abbreviations: AOO = acetone: olive oil (4:1); CV = coefficient of variation; EC2 = estimated concentration 72 
needed to produce a stimulation index of two; EC3 = estimated concentration needed to produce a stimulation 73 
index of three; LLNA: DA = murine local lymph node assay modified by Daicel Chemical Industries, Ltd. 74 
based on ATP content. 75 
1Based on results discussed in Idehara et al. 2008; the number per group was not specified. 76 
2Mean stimulation index value ± standard deviation. 77 

78 
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1.2 Interlaboratory Reproducibility 78 

Furthermore, data were submitted to NICEATM (Appendix D) from a two-phased 79 

interlaboratory validation study on the LLNA: DA test method (Omori et al. 2008). In the 80 

first phase of the interlaboratory validation study, a blinded test of 12 substances was 81 

conducted in 10 laboratories. Three substances (i.e. 2,4-dinitrochlorobenzene, hexyl cinnamic 82 

aldehyde, and isopropanol) were tested in all 10 laboratories. The remaining nine substances 83 

were randomly assigned to subsets of three of the 10 laboratories (Table F-2). In each 84 

laboratory, each substance was tested one time at three different concentrations. The dose 85 

levels for each substance were pre-determined (i.e., the participating laboratories did not 86 

determine their own dose levels for testing). Nine substances are sensitizers and three 87 

substances are nonsensitizers according to the traditional LLNA. Six substances are 88 

recommended LLNA performance standards reference substances: cobalt chloride, 2,4-89 

dinitrochlorobenzene, hexyl cinnamic aldehyde, isoeugenol, isopropanol, and methyl 90 

salicylate (ICCVAM 2009). 91 

The second phase of the interlaboratory validation study was designed to determine the 92 

reason for inconsistencies obtained from the two metals dissolved in dimethyl sulfoxide 93 

(DMSO) (i.e., cobalt chloride and nickel [II] sulfate hexahydrate) and thus to further evaluate 94 

the reliability of the LLNA: DA for testing metallic salts using DMSO as a vehicle. A 95 

blinded test of five substances (two of the five substances were unique to the second phase of 96 

the interlaboratory validation study) was conducted in seven laboratories (different from the 97 

10 laboratories that performed the first interlaboratory validation study) (Table F-3). One 98 

substance (i.e. hexyl cinnamic aldehyde) was tested in all seven laboratories. The remaining 99 

four substances (i.e., cobalt chloride, nickel [II] sulfate hexahydrate, lactic acid, and 100 

potassium dichromate) were randomly assigned to subsets of four of the seven laboratories. 101 

Each laboratory tested the substance one time at three different dose levels. Again, the dose 102 

levels for each substance were pre-determined. Of the two substances not previously tested in 103 

the first phase of the interlaboratory validation study (i.e., lactic acid and potassium 104 

dichromate), one is a nonsensitizer and the other is a sensitizer according to traditional 105 

LLNA results, respectively. In addition, lactic acid is a recommended LLNA performance 106 

standards reference substance (ICCVAM 2009). 107 
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The LLNA: DA test results from the two-phased interlaboratory validation study are 108 

amenable to interlaboratory reproducibility analyses for three endpoints: sensitizer (positive) 109 

or nonsensitizer (negative) classification (based on SI ≥ 3.0 and SI ≥ 2.0), and EC3 and EC2 110 

values. Analyses of interlaboratory reproducibility were performed using a concordance 111 

analysis for the qualitative results (sensitizer vs. nonsensitizer based on SI ≥ 3.0 and SI ≥ 2.0) 112 

(Sections 1.2.1 and 1.2.3, respectively) and a CV analysis for the quantitative results (EC3 113 

and EC2values) (Sections 1.2.2 and 1.2.4, respectively). 114 

Table F-2  Substances and Allocation for the First Phase of the Interlaboratory 115 
Validation Study for the LLNA: DA 116 

Laboratory 
Substance1 Vehicle 

Concentration 
Tested (%) 1 2 3 4 5 6 7 8 9 10 

2,4-
Dinitrochlorobenzene 
(+) 

AOO 0.03 0.10 0.30 X X X X X X X X X X 

Hexyl cinnamic 
aldehyde (+) AOO 5 10 25 X X X X X X X X X X 

Isopropanol (-) AOO 10 25 50 X X X X X X X X X X 

Abietic acid (+) AOO 5 10 25  X    X X    

3-Aminophenol (+) AOO 1 3 10 X  X     X   

Dimethyl isophthalate 
(-) 

AOO 5 10 25 X  X    X    

Isoeugenol (+) AOO 1 3 10    X X    X  

Methyl salicylate (-) AOO 5 10 25   X    X   X 

Formaldehyde (+) ACE 0.5 1.5 5.0 X X   X      

Glutaraldehyde (+) ACE 0.05 0.15 0.50 X X   X      

Cobalt chloride2 (+) DMSO 0.3 1.0 3.0    X  X  X   

Nickel (II) sulfate 
hexahydrate (+) 

DMSO 1 3 10    X  X  X   

Abbreviations: ACE = acetone; AOO = acetone: olive oil (4:1); DMSO = dimethyl sulfoxide; LLNA: DA = murine local 117 
lymph node assay modified by Daicel Chemical Industries, Ltd. based on ATP content. 118 
1(+) indicates sensitizers and (-) indicates nonsensitizers according to traditional LLNA tests. 119 
2Different doses tested for cobalt chloride in the first phase (0.3%, 1%, and 3%) and in the second phase (1%, 3%, and 10%) 120 
of the interlaboratory validation study. 121 

122 
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Table F-3 Substances and Allocation for the Second Phase of the Interlaboratory 122 
Validation Study for the LLNA: DA 123 

Laboratory 
Substance1 Vehicle 

Concentration 
Tested (%) 11 12 13 14 15 16 17 

Hexyl cinnamic 
aldehyde (+) 

AOO 5 10 25 X X X X X X X 

Cobalt chloride2 (+) DMSO 1 3 5 X  X X   X 

Lactic acid (-) DMSO 5 10 25 X  X  X X  

Nickel (II) sulfate 
hexahydrate (+) 

DMSO 1 3 10 X X  X  X  

Potassium dichromate 
(+) 

DMSO 0.1 0.3 1.0 X X   X  X 

Abbreviations: AOO = acetone: olive oil (4:1); DMSO = dimethyl sulfoxide; LLNA: DA = murine local lymph node assay 124 
modified by Daicel Chemical Industries, Ltd. based on ATP content. 125 
1(+) indicates sensitizers and (-) indicates nonsensitizers according to traditional LLNA tests. 126 
2Different doses tested for cobalt chloride in the first phase (0.3%, 1%, and 3%) and in the second phase (1%, 3%, and 10%) 127 
of the interlaboratory validation study. 128 

 129 

1.2.1 Interlaboratory Reproducibility – Qualitative Results (SI ≥ 3.0) 130 

The qualitative (i.e., positive/negative) interlaboratory concordance analysis for the 12 131 

substances that were tested during the first phase of the LLNA: DA interlaboratory validation 132 

study is shown in Table F-4 using SI ≥ 3.0 as the decision criterion to distinguish sensitizers 133 

from nonsensitizers. In a qualitative comparison of LLNA: DA calls (i.e., positive/negative), 134 

eight substances tested in either three or 10 laboratories had consistent results leading to 135 

100% (3/3 or 10/10) interlaboratory concordance for those substances. There were four 136 

discordant substances (i.e., formaldehyde, glutaraldehyde, cobalt chloride, and nickel [II] 137 

sulfate hexahydrate) for which interlaboratory concordance was 67% (2/3). One of the three 138 

laboratories that tested formaldehyde reported a maximum SI = 2.69 while the other two 139 

laboratories produced at least one SI ≥ 3.0. Similarly, one of the three laboratories that tested 140 

glutaraldehyde reported a maximum SI = 2.57 while the other two laboratories had at least 141 

one SI ≥ 3.0. Two of the three laboratories that tested cobalt chloride yielded an SI ≥ 3.0 at 142 

all three doses tested (0.3%, 1.0%, and 3.0%) and therefore classified the substance as a 143 

sensitizer similar to the traditional LLNA test method. Notably, the laboratory that did not 144 

generate an SI ≥ 3.0 did not test cobalt chloride at the highest dose and the middle dose 145 

yielded an SI = 2.66. One of the three laboratories that tested nickel (II) sulfate hexahydrate 146 

reported a maximum SI = 1.52, while the other two laboratories had at least two doses that 147 
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yielded an SI ≥ 3.0. Since the evaluation of interlaboratory reproducibility for the traditional 148 

LLNA did not include an evaluation of qualitative results (ICCVAM 1999), there were no 149 

traditional LLNA concordance data for comparison with the LLNA: DA concordance data 150 

from the first phase of the interlaboratory validation study. 151 

Table F-4 Qualitative Results for the First Phase of the Interlaboratory Validation 152 
Study for the LLNA: DA (SI ≥ 3.0) 153 

Laboratory2 

Substance1 
1 2 3 4 5 6 7 8 9 10 

Concordance 

2,4-Dinitrochlorobenzene 
(+) + + + + + + + + + + 10/10 

Hexyl cinnamic aldehyde 
(+) + + + + + + + + + + 10/10 

Isopropanol (-) - - - - - - - - - - 10/10 

Abietic acid (+)  +    + +    3/3 

3-Aminophenol (+) -  -     -   3/3 

Dimethyl isophthalate (-) -  -    -    3/3 

Isoeugenol (+)    + +    +  3/3 

Methyl salicylate (-)   -    -   - 3/3 

Formaldehyde (+) + +   -      2/3 

Glutaraldehyde (+) + +   -      2/3 

Cobalt chloride3 (+)    -4  +  +   2/3 

Nickel (II) sulfate 
hexahydrate (+)    -5  +  +5   2/3 

Bolded substances did not achieve 100% interlaboratory concordance. 154 
Abbreviations: LLNA: DA = murine local lymph node assay modified by Daicel Chemical Industries, Ltd. based on ATP 155 
content; SI = stimulation index. 156 
1(+) indicates sensitizers and (-) indicates nonsensitizers according to traditional LLNA tests. 157 
2(+) indicates sensitizers and (-) indicates nonsensitizers according to LLNA: DA tests. 158 
3Different doses tested for cobalt chloride in the first phase (0.3%, 1%, and 3%) and in the second phase (1%, 3%, and 10%) 159 
of the interlaboratory validation study. 160 

4Data not reported for the highest dose (i.e., 3%), only for 0.3% and 1%. 161 
5Insufficient dose response. 162 
 163 

The qualitative (positive/negative) interlaboratory concordance analysis for the five 164 

substances that were tested during the second phase of the LLNA: DA interlaboratory 165 

validation study is shown in Table F-5 using SI ≥ 3.0 as the decision criterion to distinguish 166 

sensitizers from nonsensitizers. In a qualitative comparison of LLNA: DA calls (i.e., 167 

positive/negative), four substances (i.e., hexyl cinnamic aldehyde, lactic acid, nickel [II] 168 

sulfate hexahydrate, and potassium dichromate) tested in either four or seven laboratories had 169 



DRAFT LLNA: DA Background Review Document – Appendix F March 2009 
 

F-9 

consistent results leading to 100% (4/4 or 7/7) interlaboratory concordance for those 170 

substances. There was one discordant substance (i.e., cobalt chloride) for which 171 

interlaboratory concordance was 50% (2/4). Two of the four laboratories that tested cobalt 172 

chloride reported a maximum SI = 2.01 and 2.54, respectively, while the other two 173 

laboratories had at least two doses that yielded an SI ≥ 3.0. As was discussed previously, 174 

cobalt chloride was also discordant among the laboratories that tested the substance in the 175 

first phase of the interlaboratory validation study and interlaboratory concordance was 67% 176 

(2/3). Notably, different doses of cobalt chloride were tested in the first phase (0.3%, 1%, and 177 

3%) and in the second phase (1%, 3%, and 10%) of the interlaboratory validation study. 178 

Furthermore, as mentioned previously, the evaluation of interlaboratory reproducibility for 179 

the traditional LLNA did not include an evaluation of qualitative results (ICCVAM 1999), 180 

and therefore there were no traditional LLNA concordance data for comparison with the 181 

LLNA: DA concordance data from the second phase of the interlaboratory validation study. 182 

Table F-5 Qualitative Results for the Second Phase of the Interlaboratory 183 
Validation Study for the LLNA: DA (SI ≥ 3.0) 184 

Laboratory2 

Substance1 
11 12 13 14 15 16 17 

Concordance 

Hexyl cinnamic aldehyde (+) + + + + + + + 7/7 

Cobalt chloride3 (+) -  - +   + 2/4 

Lactic acid (-) -  -  - -  4/4 

Nickel (II) sulfate 
hexahydrate (+) - -  -  -  4/4 

Potassium dichromate (+) + +   +  + 4/4 

Bolded substances did not achieve 100% interlaboratory concordance. 185 
Abbreviations: LLNA: DA = murine local lymph node assay modified by Daicel Chemical Industries, Ltd. based on ATP 186 
Content; SI = stimulation index. 187 
1(+) indicates sensitizers and (-) indicates nonsensitizers according to traditional LLNA tests. 188 
2(+) indicates sensitizers and (-) indicates nonsensitizers according to LLNA: DA tests. 189 
3Different doses tested for cobalt chloride in the first phase (0.3%, 1%, and 3%) and in the second phase (1%, 3%, and 10%) 190 
of the interlaboratory validation study. 191 

 192 

1.2.2 Interlaboratory Reproducibility – EC3 Values 193 

The available quantitative (i.e., EC3 value) data for interlaboratory reproducibility analysis 194 

were obtained from the LLNA: DA results for the nine sensitizers that were tested during the 195 

first and second phase of the LLNA: DA interlaboratory validation study. The method for 196 
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calculating EC3 values for the positive results was based on the method of linear 197 

interpolation reported by Gerberick et al. (2004) according to the equation: 198 

! 
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3" d( )
b " d( )

# 

$ 
% 

& 

' 
( ) a " c( ) 199 

where the data points lying immediately above and below the SI = 3.0 on the dose response 200 

curve have the coordinates of (a, b) and (c, d), respectively (Gerberick et al. 2004). For 201 

substances for which the lowest concentration tested resulted in an SI ≥ 3.0, an EC3 value 202 

was extrapolated according to the equation: 203 
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 204 

where the point with the higher SI is denoted with the coordinates of (a, b) and the point with 205 

the lower SI is denoted (c, d) (Gerberick et al. 2004). 206 

The EC3 values from each laboratory were used to calculate CV values for each substance. 207 

The resulting values for the first and second phase of the interlaboratory validation study are 208 

shown in Tables F-6 and F-7, respectively. In the first phase of the interlaboratory validation 209 

study, CV values ranged from 4% (i.e., abietic acid) to 84% (i.e., glutaraldehyde) and the 210 

mean CV was 48% (Table F-6). Notably, although nickel (II) sulfate hexahydrate was a 211 

sensitizer in two of three laboratories, a CV could not be determined because one of the two 212 

laboratories that yielded a positive test demonstrated an insufficient dose response from 213 

which to calculate an EC3 (i.e., an inverse dose response curve). In the second phase of the 214 

interlaboratory validation study, CV values ranged from 32% (i.e., cobalt chloride) to 71% 215 

(i.e., potassium dichromate) and the mean CV was 45% (Table F-7). 216 

Recommended Performance Standards: Murine Local Lymph Node Assay (ICCVAM 2009) 217 

indicates that interlaboratory reproducibility should be evaluated with at least two sensitizing 218 

chemicals with well-characterized activity in the traditional LLNA. Acceptable 219 

reproducibility is attained when each laboratory obtains ECt values (i.e., estimated 220 

concentration needed to produce a stimulation index of a specified threshold) within 0.025% 221 

to 0.1% for 2,4-dinitrochlorobenzene and within 5% to 20% for hexyl cinnamic aldehyde 222 

(ICCVAM 2009). In the first phase of the interlaboratory validation study, four laboratories 223 

reported EC3 values outside the range indicated for 2,4-dinitrochlorobenzene; one laboratory 224 
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obtained an EC3 value that was lower than the specified acceptance range (i.e., 0.025%) and 225 

three laboratories obtained EC3 values that were higher than the specified acceptance range 226 

(i.e., 0.1%) (Table F-6). For hexyl cinnamic aldehyde, all the laboratories obtained an EC3 227 

value within the acceptance range (5% to 20%). In the second phase of the interlaboratory 228 

validation study, only hexyl cinnamic aldehyde was tested and all seven laboratories obtained 229 

EC3 values that were within the acceptance range indicated (Table F-7). 230 
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Table F-6 EC3 Values from the First Phase of the Interlaboratory Validation Study for the LLNA: DA 231 

Laboratory 
Substance1 

1 2 3 4 5 6 7 8 9 10 

Mean 
EC3 
(%) 

CV 
(%) 

2,4-Dinitrochlorobenzene (+) 0.034 
(11.97) 

0.109 
(9.23) 

0.056 
(9.96) 

0.031 
(8.53) 

0.129 
(7.86) 

0.042 
(15.14) 

0.016 
(13.18) 

0.095 
(12.60) 

0.040 
(10.89) 

0.169 
(4.71) 

0.072 70 

Hexyl cinnamic aldehyde (+) 9.983 
(5.78) 

12.412 
(4.82) 

14.90 
(4.44) 

9.340 
(5.11) 

18.131 
(3.97) 

13.130 
(5.50) 

7.706 
(7.09) 

7.924 
(10.22) 

17.070 
(3.88) 

15.235 
(3.51) 

12.583 30 

Isopropanol (-) NA NA NA NA NA NA NA NA NA NA NA NA 

Abietic acid (+)  8.196    7.544 7.676    7.805 4 

3-Aminophenol (+) NA  NA     NA   NA NA 

Dimethyl isophthalate (-) NA  NA    NA    NA NA 

Isoeugenol (+)    1.112 5.983    2.300  3.131 81 

Methyl salicylate (-)   NA    NA   NA NA NA 

Formaldehyde (+) 1.747 1.480   NA      1.614 12 

Glutaraldehyde (+) 0.110 0.435   NA      0.272 84 

Cobalt chloride2 (+)    NA3  0.063  0.137   0.100 53 

Nickel (II) sulfate hexahydrate 
(+)    NA4  0.469  IDR   0.469 NA 

Note: Bolded text indicates recommended LLNA performance standards reference substances (ICCVAM 2009). Values in parentheses are highest SI values achieved. For both 2,4-232 
dinitrochlorobenzene and hexyl cinnamic aldehyde, the highest SI values achieved are from the highest dose tested (i.e., 0.30% for 2,4-dinitrochlorobenzene and 25% for hexyl 233 
cinnamic aldehyde). Shading shows EC3 values that are outside of the acceptable range indicated by the recommended LLNA performance standards: 5 - 20% for hexyl cinnamic 234 
aldehyde and 0.025 - 0.1% for 2,4-dinitrochlorobenzene. 235 
Abbreviations: CV = coefficient of variation; EC3 = estimated concentration needed to produce a stimulation index of three; LLNA: DA = murine local lymph node assay 236 
modified by Daicel Chemical Industries, Ltd., based on ATP content; IDR = insufficient dose response; NA = not available. 237 
1(+) indicates sensitizers and (-) indicates nonsensitizers according to traditional LLNA tests. 238 
2Different doses tested for cobalt chloride in the first phase (0.3%, 1%, and 3%) and in the second phase (1%, 3%, and 10%) of the interlaboratory validation study. 239 
3Data not reported for the highest dose (i.e., 3%), only for 0.3% and 1%. 240 
4Insufficient dose response. 241 
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Table F-7 EC3 Values from the Second Phase of the Interlaboratory Validation 242 
Study for the LLNA: DA 243 

Laboratory 

Substance1 

11 12 13 14 15 16 17 

Mean 

EC3 

(%) 

CV 

(%) 

Hexyl cinnamic aldehyde 
(+) 

9.127 
(4.47) 

8.764 
(5.71) 

7.590 
(5.41) 

7.938 
(7.60) 

15.184 
(3.92) 

6.230 
(8.42) 

7.542 
(6.45) 

8.911 33 

Cobalt chloride2 (+) NA  NA 1.761   1.109 1.435 32 

Lactic acid (-) NA  NA  NA NA  NA NA 

Nickel (II) sulfate 
hexahydrate (+) NA NA  NA  NA  NA NA 

Potassium dichromate (+) 0.509 0.485   0.156  0.086 0.309 71 

Bolded text indicates a recommended LLNA performance standards reference substance (ICCVAM 2009). Values in 244 
parentheses are highest SI values achieved. For hexyl cinnamic aldehyde, the highest SI values achieved are from the 245 
highest dose tested (i.e., 25%). None of the EC3 values are outside of the acceptable range indicated by the recommended 246 
LLNA performance standards (i.e., 5 - 20% for hexyl cinnamic aldehyde). 247 
Abbreviations: CV = coefficient of variation; EC3 = estimated concentration needed to produce a stimulation index of three; 248 
LLNA: DA = murine local lymph node assay modified by Daicel Chemical Industries, Ltd., based on ATP content; NA = 249 
not available. 250 
1(+) indicates sensitizers and (-) indicates nonsensitizers according to traditional LLNA tests. 251 
2Different doses tested for cobalt chloride in the first phase (0.3%, 1%, and 3%) and in the second phase (1%, 3%, and 10%) 252 
of the interlaboratory validation study. 253 

 254 

The interlaboratory CV values for both the first and second phases of the interlaboratory 255 

validation study for the LLNA: DA EC3 values were higher than that for the traditional 256 

LLNA EC3 values. The analysis of interlaboratory variation of EC3 values for the traditional 257 

LLNA reported CV values of 6.8 to 83.7% for five substances tested in five laboratories 258 

(Table F-8; ICCVAM 1999). Three of the same substances were evaluated in the traditional 259 

LLNA and the LLNA: DA (i.e., hexyl cinnamic aldehyde, 2,4-dinitrochlorobenzene, and 260 

isoeugenol). All interlaboratory CV values for the LLNA: DA were greater than that for the 261 

traditional LLNA. The CV of 70% for 2,4-dinitrochlorobenzene was greater than the two CV 262 

values of 37.4% and 27.2%, calculated from five values each, reported by ICCVAM (1999). 263 

The CV values of 30% and 33% for hexyl cinnamic aldehyde tested in the first and second 264 

phase of the LLNA: DA interlaboratory validation study, respectively, were both greater than 265 

the 6.8% reported by ICCVAM (1999). The CV of 81% for isoeugenol tested in the LLNA: 266 

DA was greater than the 41.2% reported by ICCVAM (1999). 267 

 268 

269 
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Table F-8 Interlaboratory Reproducibility of the EC3 for Substances Tested in the 269 
Traditional LLNA1 270 

Laboratory 
Substance 

1 2 3 4 5 
CV (%) 

0.3 0.5 0.6 0.9 0.6 37.4 
2,4-Dinitrochlorobenzene 

0.5 0.6 0.4 0.6 0.3 27.2 

Hexyl cinnamic aldehyde 7.9 7.6 8.4 7.0 8.1 6.8 

Isoeugenol 1.3 3.3 1.8 3.1 1.6 41.2 

Eugenol 5.8 14.5 8.9 13.8 6.0 42.5 

Sodium lauryl sulfate 13.4 4.4 1.5 17.1 4.0 83.7 

Abbreviations: CV = coefficient of variation; EC3 = estimated concentration needed to produce a 271 
stimulation index of three; LLNA = murine local lymph node assay. 272 
1From ICCVAM 1999 report. 273 
 274 

1.2.3 Interlaboratory Reproducibility – Qualitative Results (SI ≥ 2.0) 275 

The qualitative (positive/negative) interlaboratory concordance analysis for the 12 substances 276 

that were tested during the first phase of the LLNA: DA interlaboratory validation study is 277 

shown in Table F-9 for SI ≥ 2.0. In a qualitative comparison of LLNA: DA calls (i.e., 278 

sensitizer/nonsensitizer), ten substances tested in either three or 10 laboratories had 279 

consistent results leading to 100% (3/3 or 10/10) interlaboratory concordance for those 280 

substances. There were two discordant substances (i.e., 3-aminophenol and nickel [II] sulfate 281 

hexahydrate) for which interlaboratory concordance was 67% (2/3). Two of the three 282 

laboratories that tested 3-aminophenol reported SI ≥ 2.0, at least at the highest dose tested 283 

(i.e., SI = 2.83 and 2.38, respectively) but one lab did not achieve SI ≥ 2.0 at any dose tested 284 

(Appendix D). One of the three laboratories that tested nickel (II) sulfate hexahydrate 285 

reported a maximum SI = 1.52, while the other two laboratories produced SI ≥ 2.0 at all three 286 

doses tested (Appendix D). Since the evaluation of interlaboratory reproducibility for the 287 

traditional LLNA did not include an evaluation of qualitative results (ICCVAM 1999), there 288 

were no traditional LLNA concordance data for comparison with the LLNA: DA 289 

concordance data from the first phase of the interlaboratory validation study. 290 

291 
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Table F-9 Qualitative Results for the First Phase of the Interlaboratory Validation 291 
Studies for the LLNA: DA (SI ≥ 2.0) 292 

Laboratory2 

Substance1 
1 2 3 4 5 6 7 8 9 10 

Concordance 

2,4-Dinitrochlorobenzene 
(+) + + + + + + + + + + 10/10 

Hexyl cinnamic aldehyde 
(+) + + + + + + + + + + 10/10 

Isopropanol (-) - - - - - - - - - - 10/10 

Abietic acid (+)  +    + +    3/3 

3-Aminophenol (+) +  -     +   2/3 

Dimethyl isophthalate (-) -  -    -    3/3 

Isoeugenol (+)    + +    +  3/3 

Methyl salicylate (-)   -    -   - 3/3 

Formaldehyde (+) + +   +      3/3 

Glutaraldehyde (+) + +   +      3/3 

Cobalt chloride3 (+)    +4  +  +   3/3 

Nickel (II) sulfate 
hexahydrate (+)    -5  +  +5   2/3 

Bolded substances did not achieve 100% interlaboratory concordance. 293 
Abbreviations: LLNA: DA = murine local lymph node assay modified by Daicel Chemical Industries, Ltd., based on ATP 294 
content; SI = stimulation index. 295 
1(+) indicates sensitizers and (-) indicates nonsensitizers according to traditional LLNA tests. 296 
2(+) indicates sensitizer result and (-) indicates nonsensitizer result in the LLNA: DA test. 297 
3Different doses tested for cobalt chloride in the first phase (0.3%, 1%, and 3%) and in the second phase (1%, 3%, and 10%) 298 
of the interlaboratory validation study. 299 

4Data not reported for the highest dose (i.e., 3%), only for 0.3% and 1%. 300 
5Insufficient dose response. 301 
 302 

The qualitative (positive/negative) interlaboratory concordance analysis for the five 303 

substances that were tested during the second phase of the LLNA: DA interlaboratory 304 

validation study is shown in Table F-10. In a qualitative comparison of LLNA: DA calls 305 

(i.e., sensitizer/nonsensitizer), four substances (i.e., hexyl cinnamic aldehyde, cobalt chloride, 306 

lactic acid, and potassium dichromate) tested in either four or seven laboratories had 307 

consistent results leading to 100% (4/4 or 7/7) interlaboratory concordance for those 308 

substances. There was one discordant substance (i.e., nickel [II] sulfate hexahydrate) for 309 

which interlaboratory concordance was 75% (3/4). Three of the four laboratories that tested 310 

nickel (II) sulfate hexahydrate did not report a maximum SI ≥ 2.0, while the other laboratory 311 

produced an SI ≥ 2.0 at the highest dose tested. As was discussed previously, nickel (II) 312 
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sulfate hexahydrate was also discordant among the laboratories that tested the substance in 313 

the first phase of the interlaboratory validation study and interlaboratory concordance was 314 

67% (2/3). Notably, when analyzing the dose response curves for the seven tests performed 315 

for nickel (II) sulfate hexahydrate in the two-phased interlaboratory validation study, only 316 

one study demonstrated a sufficient dose response (i.e., a parallel increase in SI relative to 317 

increase in concentration). Furthermore, as mentioned previously, the evaluation of 318 

interlaboratory reproducibility for the traditional LLNA did not include an evaluation of 319 

qualitative results (ICCVAM 1999), and therefore there were no traditional LLNA 320 

concordance data for comparison with the LLNA: DA concordance data from the second 321 

phase of the interlaboratory validation study. 322 

Table F-10 Qualitative Results for the Second Phase of the Interlaboratory 323 
Validation Study for the LLNA: DA (SI ≥ 2.0) 324 

Laboratory2 

Substance1 
11 12 13 14 15 16 17 

Concordance 

Hexyl cinnamic aldehyde (+) + + + + + + + 7/7 

Cobalt chloride3 (+) +  + +   + 4/4 

Lactic acid (-) -  -  - -  4/4 

Nickel (II) sulfate 
hexahydrate (+) - -  +  -  3/4 

Potassium dichromate (+) + +   +  + 4/4 

Bolded substance did not achieve 100% interlaboratory concordance. 325 
Abbreviations: LLNA: DA = murine local lymph node assay modified by Daicel Chemical Industries, Ltd., based on ATP 326 
content; SI = stimulation index. 327 
1(+) indicates sensitizers and (-) indicates nonsensitizers according to traditional LLNA tests. 328 
2(+) indicates sensitizer result and (-) indicates nonsensitizer result in the LLNA: DA test. 329 
3Different doses tested for cobalt chloride in the first phase (0.3%, 1%, and 3%) and in the second phase (1%, 3%, and 10%) 330 
interlaboratory validation studies. 331 

 332 

1.2.4 Interlaboratory Reproducibility – EC2 Values 333 

The available quantitative (i.e., EC2 value) data for interlaboratory reproducibility analysis 334 

were obtained from the LLNA: DA results for the ten sensitizers that were tested during the 335 

first and second phase of the LLNA: DA interlaboratory validation study. The equation used 336 

for calculating EC2 values for the positive results was modified based on the method of 337 

linear interpolation reported by Gerberick et al. (2004) for the EC3: 338 
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where the data points lying immediately above and below the SI = 2.0 on the dose response 340 

curve have the coordinates of (a, b) and (c, d), respectively (Gerberick et al. 2004). For 341 

substances for which the lowest concentration tested resulted in an SI ≥ 2.0, an EC2 value 342 

was extrapolated according to the equation: 343 
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 344 

where the point with the higher SI is denoted with the coordinates of (a, b) and the point with 345 

the lower SI is denoted (c, d) (Gerberick et al. 2004). 346 

The EC2 values from each laboratory were used to calculate CV values for each substance. 347 

The resulting values for the first and second phase of the interlaboratory validation study are 348 

shown in Tables F-11 and F-12, respectively. In the first phase of the interlaboratory 349 

validation study, CV values ranged from 14% (i.e., abietic acid) to 134% (isoeugenol) and 350 

the mean CV was 70% (Table F-11). In the second phase of the interlaboratory validation 351 

study, CV values ranged from 16% (i.e., hexyl cinnamic aldehyde) to 100% (i.e., cobalt 352 

chloride) and the mean CV was 57% (Table F-12). 353 

The recommended LLNA performance standards indicate that interlaboratory reproducibility 354 

should be evaluated with at least two sensitizing chemicals with well-characterized activity in 355 

the traditional LLNA (ICCVAM 2009). Acceptable reproducibility is attained when each 356 

laboratory obtains ECt (i.e., estimated concentration needed to produce a stimulation index 357 

threshold) values within 0.025% to 0.1% for 2,4-dinitrochlorobenzene and within 5% to 20% 358 

for hexyl cinnamic aldehyde (ICCVAM 2009). In the first phase of the interlaboratory 359 

validation study, seven laboratories reported EC2 values outside the range indicated for 2,4-360 

dinitrochlorobenzene; all seven laboratories obtained EC2 values that were lower than the 361 

specified acceptance range (i.e., 0.025%) (Table F-11). For hexyl cinnamic aldehyde, all the 362 

laboratories obtained an EC2 value within the acceptance range (5% to 20%). In the second 363 

phase of the interlaboratory validation study, only hexyl cinnamic aldehyde was tested and 364 

two of the seven laboratories obtained EC2 values that were below the acceptance range 365 

indicated (Table F-12). 366 
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Table F-11 EC2 Values from the First Phase Interlaboratory Validation Study for the LLNA: DA 367 

Laboratory 
Substance1 

1 2 3 4 5 6 7 8 9 10 

Mean 
EC2 
(%) 

CV 
(%) 

2,4-Dinitrochlorobenzene (+) 0.020 
(11.97) 

0.023 
(9.23) 

0.026 
(9.96) 

0.016 
(8.53) 

0.091 
(7.86) 

0.016 
(15.14) 

0.007 
(13.18) 

0.013 
(12.60) 

0.019 
(10.89) 

0.093 
(4.71) 

0.032 98 

Hexyl cinnamic aldehyde (+) 6.962 
(5.78) 

7.461 
(4.82) 

8.404 
(4.44) 

6.460 
(5.11) 

11.057 
(3.97) 

7.463 
(5.50) 

5.850 
(7.09) 

6.140 
(10.22) 

9.191 
(3.88) 

7.256 
(3.51) 

7.624 21 

Isopropanol (-) NA NA NA NA NA NA NA NA NA NA NA NA 

Abietic acid (+)  4.760    5.393 6.333    5.495 14 

3-Aminophenol (+) 1.877  NA     3.179   2.528 36 

Dimethyl isophthalate (-) NA  NA    NA    NA NA 

Isoeugenol (+)    0.407 4.399    0.375  1.727 134 

Methyl salicylate (-)   NA    NA   NA NA NA 

Formaldehyde (+) 0.262 0.729   2.019      1.003 91 

Glutaraldehyde (+) 0.072 0.268   0.118      0.153 67 

Cobalt chloride2 (+)    0.2833  0.032  0.079   0.131 102 

Nickel (II) sulfate hexahydrate 
(+)    NA4  0.235  IDR   0.235 NA 

Bolded text indicates substances that are recommended LLNA performance standards reference substances (ICCVAM 2009). Values in parentheses are highest SI values achieved. 368 
For both 2,4-dinitrochlorobenzene and hexyl cinnamic aldehyde, the highest SI values achieved were from the highest dose tested (i.e., 0.30% for 2,4-dinitrochlorobenzene and 369 
25% for hexyl cinnamic aldehyde). Shading shows EC2 values that are outside of the acceptable range indicated by the recommended LLNA performance standards: 5 - 20% for 370 
hexyl cinnamic aldehyde and 0.025 - 0.1% for 2,4-dinitrochlorobenzene. 371 
Abbreviations: CV = coefficient of variation; EC2 = estimated concentration needed to produce a stimulation index of two; LLNA: DA = murine local lymph node assay modified 372 
by Daicel Chemical Industries, Ltd., based on ATP content; IDR = insufficient dose response; NA = not available. 373 
1(+) indicates sensitizers and (-) indicates nonsensitizers according to traditional LLNA tests. 374 
2Different doses tested for cobalt chloride in the first phase (0.3%, 1%, and 3%) and in the second phase (1%, 3%, and 10%) interlaboratory validation studies. 375 
3Data not reported for the highest dose (i.e., 3%), only for 0.3% and 1%. 376 
4Insufficient dose response. 377 
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Table F-12 EC2 Values from the Second Phase of the Interlaboratory Validation 378 
Study for the LLNA: DA 379 

Laboratory 

Substance1 

11 12 13 14 15 16 17 

Mean 

EC2 

(%) 

CV 

(%) 

Hexyl cinnamic aldehyde 
(+) 

6.348 
(4.47) 

5.983 
(5.71) 

5.954 
(5.41) 

4.849 
(7.60) 

7.451 
(3.92) 

4.662 
(8.42) 

6.024 
(6.45) 

5.896 16 

Cobalt chloride2 (+) 4.929  1.875 0.821   0.461 2.021 100 

Lactic acid (-) NA  NA  NA NA  NA NA 

Nickel (II) sulfate 
hexahydrate (+) NA NA  NA  8.404  8.404  

Potassium dichromate (+) 0.159 0.128   0.055  0.047 0.097 56 

Bolded text indicates substances that are recommended LLNA performance standards reference substances. Values in 380 
parentheses are highest SI values achieved. For hexyl cinnamic aldehyde, the highest SI values achieved were from the 381 
highest dose tested (i.e., 25%). Two of the EC2 values are outside of the acceptable range indicated by the recommended 382 
LLNA performance standards (i.e., 5 - 20% for hexyl cinnamic aldehyde), indicated by shading. 383 
Abbreviations: CV = coefficient of variation; EC2 = estimated concentration needed to produce a stimulation index of two; 384 
LLNA: DA = murine local lymph node assay modified by Daicel Chemical Industries, Ltd., based on ATP content; NA = 385 
not available. 386 
1(+) indicates sensitizers and (-) indicates nonsensitizers according to traditional LLNA tests. 387 
2Different doses tested for cobalt chloride in the first phase (0.3%, 1%, and 3%) and in the second phase (1%, 3%, and 10%) 388 
of the interlaboratory validation study. 389 

 390 

The interlaboratory CV values for both the first and second phases of the interlaboratory 391 

validation study for the LLNA: DA EC2 values were higher than that for the traditional 392 

LLNA EC3 values. The analysis of interlaboratory variation of EC3 values for the traditional 393 

LLNA reported CV values of 6.8 to 83.7% for five substances tested in five laboratories 394 

(Table F-8; ICCVAM 1999). Three of the same substances were evaluated in the traditional 395 

LLNA and the LLNA: DA (i.e., hexyl cinnamic aldehyde, 2,4-dinitrochlorobenzene, and 396 

isoeugenol). All interlaboratory CV values for LLNA: DA EC2 were greater than that for the 397 

traditional LLNA. The CV of 98% for 2,4-dinitrochlorobenzene was greater than the two CV 398 

values of 37.4% and 27.2% (which were calculated from five values each), reported by 399 

ICCVAM (1999). The CV of 21% and 16% for hexyl cinnamic aldehyde tested in the first 400 

and second phase of the LLNA: DA interlaboratory validation study, respectively, were both 401 

greater than the 6.8% reported by ICCVAM (1999). The CV of 134% for isoeugenol tested 402 

in the LLNA: DA was greater than the 41.2% reported by ICCVAM (1999). 403 




