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Biometrical Evaluation of the Performance of the Revised Test Guideline 402 for Acute Dermal 

Toxicity 

 

Introduction  

The OECD Test Guideline (TG) 402 for acute dermal toxicity (OECD 1987) is being updated. The 

proposed revision is inspired by the oral Fixed Dose Procedure (FDP) (TG 420) (OECD 2002a), but with 

substantial deviation. The objective of this biometrical evaluation is to assess and compare the 

performance of multiple test designs for acute dermal systemic toxicity with the intent that these 

evaluations inform the selection of the best test design for the updated TG 402. The test designs vary with 

respect to  

 Use of a sighting study  

 Starting dose  

 Number of animals tested per group  

 Use of lethal or nonlethal (evident toxicity) outcomes 

All other elements of the updated TG 402 (March 2016) remain unchanged (e.g., age, species, and sex of 

animals used; animal housing and feeding; preparation of the animals; and administration of doses). 

The biometrical evaluation was accomplished using computer simulation modeling. Computer 

simulations of animal outcomes save animal lives by estimating test performance for a wide variety of 

hypothetical chemicals and test designs. Testing thousands of laboratory animals to evaluate acute dermal 

toxicity test designs is not ethical or practical. The results of the simulations offer a way to examine the 

distributions of toxicity classification estimates expected to arise from different idealized models 

representing lethality and evident toxicity responses. The simulations offer a characterization of statistical 

uncertainty that is not possible with a single random sample used in an animal study. Biometrical 

evaluations have been used to evaluate multiple test designs for the acute oral, dermal, and inhalation 

FDP (Stallard et al. 2002, 2003, 2004; Whitehead and Curnow 1992), the oral, dermal, and inhalation 

acute toxic class method (ATC) (Diener et al. 1994, 1998; Holzhutter et al. 2003) and the oral up-and-

down procedure (UDP) (ICCVAM 2001). 

Materials and Methods 

Computer simulation procedures for evaluation of acute dermal systemic toxicity protocols 

For a given acute dermal toxicity test design, animal toxicity responses were generated from a statistical 

model relating the logarithm of chemical dose to the probability of a lethal response or evident toxicity. 

The probit model, which linearizes a sigmoidal dose-response curve, was used to model these dose-

response relationships. For lethality, the probit model is the cumulative distribution function of a normal 

distribution with mean equal to the LD50 of a chemical, expressed as log LD50, and standard deviation, σ. 

For this model, the probability of lethality equals 0.5 when log dose equals the LD50, increases 

asymptotically to 1 as log dose exceeds the LD50, and decreases asymptotically to 0 as log dose declines 

below the LD50. The rate at which the probability of lethality changes with dose depends upon the 

standard deviation, σ, which, as a parameter in the probit model, is expressed as 1/σ. This parameter is 

interpreted as the slope, β, of the dose-response curve. A potentially toxic substance has a dose-response 

relationship for lethality, which for any given dose, 𝐷, specifies the probability of response (death) of a 

single animal. The probability of response at any dose, D, is described by 

𝑃(response at dose 𝐷) = 𝛷(𝛽(log𝐷 − log𝐿𝐷50)) 
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where 𝛷 denotes the distribution function of the standard normal distribution, and 𝛽 describes the slope of 

the dose-response curve. This idea is based on threshold toxicity, where the thresholds are log-normally 

distributed within the population under consideration; it has been used since the 1930s (Bliss 1935, 1938). 

With increasing 𝛽, the dose-response curve gets steeper, meaning that the variability in response between 

animals decreases.  

Using this model, the outcome of a hypothetical test can be predicted without animal experimentation. By 

assigning a wide variety of values to the parameters LD50 and 𝛽, we created thousands of hypothetical 

chemicals. Knowing these characteristics of the dose-response relationships for the chemicals, we can 

model the outcomes of each animal tested. 

The endpoint of the FDP is either lethality or evident toxicity; the latter is characterized as clear signs of 

toxicity such that the next highest fixed dose is expected to produce either severe pain or enduring signs 

of severe distress, moribundity, or mortality (OECD 2002a). We modeled the dose-response for evident 

toxicity by assuming it was the same shape as that for lethality, but that it was parallel and shifted to the 

left (i.e., evident toxicity occurs at lower concentrations than lethality) of the dose-response relationship 

for lethality. The ED50 for evident toxicity is assumed to be 1/5 of the LD50 (LD50/ED50 = 5) (Stallard et 

al. 2004). To be consistent with previous biometrical evaluations of the dermal FDP (Stallard et al. 2004), 

we refer to this LD50/ED50 ratio as R.  

The simulation modeling procedures used administered dermal doses that correspond to the GHS hazard 

categories for classification of acute dermal toxicity (see Table 1) to test hypothetical chemicals with 

acute dermal LD50 of 5 mg/kg to 5000 mg/kg and dose-response slopes of 0.5-8.  

Table 1. GHS Hazard Categories for Acute Dermal Toxicity 

 

Category LD50 Range 

1 LD50 ≤ 50 mg/kg 

2 50 < LD50 ≤ 200 mg/kg 

3 200 < LD50 ≤ 1000 mg/kg 

4 1000 < LD50 ≤ 2000 mg/kg 
GHS= Globally Harmonized System of Classification and Labelling of Chemicals (United Nations 2015). 

Test Designs and Assumptions 

For comparison with the proposed revision of TG 402, we also performed biometrical evaluations of the 

current TG 402 design (OECD 1987), four modifications of a FDP, a modified ATC design (OECD 

2002b) and the UDP (OECD 2008). The modifications of the oral ATC were implemented to use the 

GHS dermal hazard category cutoffs and effectively create the dermal ATC. 

Assumptions for current TG 402 test guideline simulations 

The current test guideline 402 recommends testing at minimum of three doses with one sex and then one 

dose with another sex to determine whether there are sex differences in sensitivity. The minimum number 

of animals tested is 20 because five animals are tested in each group. The guideline does not specify 

which doses are to be tested; it was simulated by using four doses equivalent to the limits of the GHS 

acute dermal hazard categories (50, 200, 1000, 2000 mg/kg) with each group having the minimal number 

of five animals. Simulations for the current TG 402 were performed using 5000 iterations for each 

hypothetical test substance. 

Assumptions for the FDP 

For comparison with the other sequential test designs, simulation of a dermal FDP was performed as an 

adaptation of the oral FDP (OECD 2002a). Groups of five animals (single sex) were tested at one of the 

fixed starting doses equivalent to the limits of the GHS acute dermal hazard categories: 50, 200, 1000, or 



Draft  15 August 2016 

3 
 

2000 mg/kg. The animal outcomes of the five animals dictated the next step: (a) classify the substance, 

(b), test another group at a lower fixed dose, or (c) test another group at a higher fixed dose. The FDP 

design using lethality was designated as R = 1 because LD50/ED50 = 1. The design using evident toxicity 

was designated as R = 5, which was modeled by assuming that its dose-response is parallel to that of 

lethality and that evident toxicity occurs at 1/5 of the dose of lethality (LD50/ED50 = 5). For the FDP 

designs, the probability tree was constructed such that the classification probabilities could be computed 

exactly for each hypothetical test substance. 

To compare additional dermal FDP designs to one another, simulations were performed with and without 

a sighting study, using evident toxicity or lethality, and with groups of two or three animals. As with the 

oral FDP (OECD 2002a), the purpose of the sighting study is to determine the appropriate starting dose. 

Simulations without the sighting study were performed to be consistent with the proposed revision of TG 

402. Simulations with the sighting study were performed to determine its effect on the performance of the 

test. For the sighting study, single animals were tested at one of the fixed doses equivalent to the limits of 

the GHS acute dermal hazard categories: 50, 200, 1000, or 2000 mg/kg. After the appropriate starting 

dose was determined (i.e., the dose that produces evident toxicity), five animals were tested per group. 

The animal outcomes of the five animals dictate the next step: (a) classify the substance, (b), test another 

group at a lower fixed dose, or (c) test another group at a higher fixed dose.  

Note that design with the animal sighting study (scr+) and two animals per group approximates the 

proposed revision of TG 402 (13 Mar 2016 draft), which starts with three animals in the first dose group 

and then tests two animals at subsequent doses. 

Assumptions for ATC 

For comparison with the FDP and other sequential test designs, simulation of a dermal ATC method was 

performed as an adaptation of the oral ATC method (OECD 2002a). The oral ATC method is used to 

assign a test substance to the appropriate GHS hazard category for classification and labeling (OECD 

2002b) by estimating the range of the LD50 values applicable to the test substance rather than calculating a 

point estimate of the LD50.  

The dermal ATC method was adapted from the oral ATC by using the fixed doses that correspond to the 

fixed doses equivalent to the limits of the GHS acute dermal hazard categories: 50, 200, 1000, or 2000 

mg/kg. For the simulation, groups of three animals (single sex) were tested at one of the fixed starting 

doses equivalent to the limits of the GHS acute dermal hazard categories: 50, 200, 1000, or 2000 mg/kg. 

The next step is determined by the starting dose and the outcome of the three animals tested at the starting 

dose. It may be a decision to stop testing, test additional animals at the same dose, test at the next higher 

dose, or test at the next lower dose. For example, if two or three animals die or are in a moribund state 

after receiving the 200 mg/kg starting dose, the next step is to administer 50 mg/kg to three more animals. 

However, if no, or one, animal dies at 200 mg/kg, three additional animals are tested at that dose. 

Simulations for the ATC were performed using 100 iterations for each hypothetical test substance. 

Assumptions for the oral UDP 

For comparison with the FDP and ATC test designs, simulation of a dermal UDP was performed as an 

adaptation of the oral UDP (OECD 2008). The oral UDP involves testing single animals of the same sex, 

in sequence, at 48-hour intervals. The effect on the first animal determines the dose of the next animal. If 

the first animal dies or is in a moribund state within 48 hours after dosing, the dose administered to the 

next animal is lowered by dividing the original dose by 0.5 log (i.e., 3.2, which is the default dose 

progression). If the first animal survives, the dose administered to the next animal is increased by 0.5 log 

times the original dose. A dose progression of 0.5 log unit corresponds to a dose-mortality slope of 2.0. 

The default starting dose of 175 mg/kg was used for the simulations resulting in a default dose 

progression of 1.75, 5.5, 17.5, 55, 175, 550, and 2000 mg/kg. Dosing single animals upward or 
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downward, in sequence, proceeded until the specified likelihood ratios exceed the critical value of 2.5. 

Simulations for the UDP were performed using 5000 iterations for each hypothetical test substance.  

Performance measurements  

For each test procedure, the outcomes of the hypothetical tests were used to compute the probability of 

correct classification, the probability of safe classification (correct classifications + overclassifications), 

and the expected number of animals needed. 

Results 

The results are shown graphically. The probability of correct classification or safe classification is shown 

for LD50 values from 5 to 5000 mg/kg and for slopes, 𝛽, of 0.5 to 8. An important caveat to keep in mind 

for these analyses is that the entire plot may not be relevant for the types of chemicals tested for acute 

dermal toxicity. It would be preferable to know the distribution of 𝐿𝐷50 and 𝛽 values for the chemicals to 

be tested. There may be combinations of LD50 and 𝛽 values that are not relevant. 

Probabilities are shown by colors. The purple color denotes the highest probability, nearing and including 

one. Probability decreases as the color changes from purple to blue, green, yellow, orange, and then red 

(near 0%).  

Performance of current TG 402 

The results in Figure 1 show the probability of correct classification for the current TG 402 design 

(OECD 1987) that used four administered doses that were equivalent to the limits of the GHS acute 

dermal hazard categories (50, 200, 1000, 2000 mg/kg). The figure shows that the probability of correct 

classification is approximately 50% at any category boundary. This is expected for chemicals with LD50 

values near the GHS cutoffs for the acute dermal hazard categories. Chemicals with LD50 values in the 

middle of a hazard category range and with steep slopes are more likely (i.e., have a high probability) to 

be categorized accurately.  

The majority of the chemicals with LD50 from 5-50 mg/kg have a high probability, ≥ 80%, of being 

classified correctly (note the large area of purple and dark blue). There are no chemicals in this group 

with very low probability of correct classification (no yellow to red areas). A much smaller proportion of 

the chemicals with LD50 of 50-200 mg/kg and 200-1000 mg/kg sections have high probabilities, ≥ 80%, 

of correct classification. The probability of correct classification for chemicals with LD50 values in the 

range of 1000-2000 mg/kg decreases further, with only a small proportion of chemicals with high 

probabilities, ≥ 80%, of correct classification, and with more chemicals with a low probability (≤ 25%) of 

correct classification, as indicated by the yellow and red areas. The probability of correct classification for 

chemicals with LD50 values in the range of 2000-5000 mg/kg is higher than for those in the LD50 = 1000-

2000 mg/kg hazard category. 
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Figure 1. Probability of Correct Classification for the Current TG 402 

Figure 2 shows the probability of safe classification (correct classifications + overclassifications) for the 

current TG 402 design. A large majority of the potential chemicals in all groups except the 1000-

2000 mg/kg group, have a high probability, ≥ 80%, of safe classifications (note the large area of purple 

and dark blue compared with the smaller area of light blue and green). For the LD50 = 1000-2000 mg/kg 

category, approximately 60% of the potential chemicals have a high probability of safe classification. The 

category with the highest safe classification rate is the LD50 = 2000-5000 mg/kg category. 

Figure 3 shows the number of animals used for the current TG 402 design. All tests repetitions used 20 

animals because the design of the test requires at least 20 animals. 
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Figure 2. Probability of Safe Classification for the Current TG 402 
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Figure 3. Expected Animal Use for the Current TG 402 

Performance of dermal ATC, FDP (lethality or evident toxicity) and UDP test designs 

To compare with performance of the dermal ATC and UDP with the dermal FDP, the results are shown 

together in grids with details shown in the strips above each single plot in Figures 4-6. The first row 

corresponds to the starting doses used: 50, 200, 1000, or 2000 mg/kg. The UDP was performed with one 

starting dose, 175 mg/kg. The second row specifies the test: ATC, FDP with lethality (R = 1), FDP with 

evident toxicity (R = 5), and UDP. The ATC method uses three animals per group, the FDP uses five 

animals per group, and the UDP uses a single animal at each dose tested. Note that the entire area of the 

plots may not be relevant for the types of chemicals to be tested. There may be combinations of LD50 and 

𝛽 values which do not correspond to chemicals to be tested. If the distribution of LD50 and 𝛽 values was 

known for the chemicals to be tested, better conclusions could be drawn. 

Figure 4 shows the probability of correct classification for the ATC, FDP, and UDP test designs. The 

UDP design was evaluated only for the default starting dose of 175 mg/kg. For chemicals in all hazard 

categories, the following relative performance is apparent by comparing the relative proportions of purple 

and blue to those of yellow and red: UDP has the best performance, followed by ATC, FDP with lethality 

(R = 1), and FDP with evident toxicity (R = 5). With respect to the starting doses, the number of 

chemicals with a high probability (≥ 80%) of correct classification seems to be relatively consistent for 

each starting dose and hazard category. However, the number of chemicals with a lower probability of 

correct classification for each category increases with the starting dose gets further away from the hazard 
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classification of the chemical. The majority of chemicals with LD50 > 2000 mg/kg have a very low 

probability of correct classification (large area of red and yellow) for the FDP for the starting doses 

< 2000 mg/kg, especially for the FDP with evident toxicity (R = 5).  

The black lines in Figure 4 overlay the performance of the current TG 402 on the ATC, FDP, and UDP 

designs. A method performs as well as the current TG 402 if the black line is exactly at the border 

between the green and light blue areas. The method performs worse than the current TG 402 if 

green/yellow/red is above the black line; it performs better if purple/blue/light blue is below the black 

line. Over most hazard categories and potential chemicals, the ATC performance was most similar to the 

current TG 402. The UDP performed slightly better than the current TG 402. All of the alternative 

designs performed better for chemicals with LD50 ≤ 50 mg/kg.  

 

Figure 4. Probability of Correct Classification for ATC, FDP with lethality (R = 1), FDP with 

Evident Toxicity (R = 5) and UDP 

Figure 5 shows the probability of safe classification (correct classification + overclassification) for the 

ATC, FDP, and UDP test designs. When comparing the probability of safe classification for these designs 

for chemicals in all hazard categories, the following relative performance is apparent: FDP with evident 

toxicity (R = 5) has the best performance, followed by FDP with lethality (R = 1), ATC, and UDP. With 

respect to the starting doses, the probability of safe classification for chemicals in all hazard categories 

increased with decreasing starting dose. The black lines in Figure 5 overlay the performance of the 

current TG 402 for safe classification on the ATC, FDP, and UDP designs. All of the alternative designs 

outperformed TG 402 for safe classification. 
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Figure 5. Probability of Safe Classification for ATC, FDP with lethality (R = 1), FDP with Evident 

Toxicity (R = 5), and UDP 

Figure 6 shows the number of animals used for the ATC, FDP, and UDP test designs. Purple indicates the 

highest number of animals (25), while blue indicates ~20 animals and green indicates ~10 animals. A 

lower number of animals is indicated by yellow and then red (the lowest). There are scenarios where the 

expected number of animals is barely above 1 (e.g., FDP) since the procedure, as given in the oral FDP, 

dictates the test is stopped after observation of death in screening with one animal at the lowest dose, 

resulting in assignment of the chemical to Category 1 (LD50 ≤ 50 mg/kg. 

When comparing the numbers of animals used for these designs overall, the following relative animal use 

is apparent: FDP with evident toxicity (R = 5) uses the fewest animals, followed by FDP with lethality 

(R = 1), UDP, and ATC. In comparison with the current TG 402 (Figure 3), all of these test designs use 

fewer animals. For each test design, the number of animals used is lowest for the lowest starting dose. 

The higher starting doses use more animals. However, this depends somewhat on the areas of the graphs 

that are compared (i.e., LD50 and 𝛽 values). 
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Figure 6. Expected Animal Use for ATC, FDP with lethality (R=1), FDP with Evident Toxicity 

(R = 5), and UDP 

Performance of multiple FDP designs 

The next two analyses provide the performance for correct classification, safe classification, and animal 

use for different designs of the dermal FDP. The first design (Figures 7, 8, and 9) uses two animals per 

dose group and the second design (Figures 10, 11, and 12) uses three animals per dose group. These 

dermal FDP designs are evaluated with multiple combinations of (a) sighting study using one animal 

(scr+) or no sighting study (scr-) and (b) use of evident toxicity (evTox+) or lethality (evTox-). The 

design using evident toxicity is the same as the FDP with R = 5 as described earlier and the design 

without lethality is the FDP with R = 1.  

Figure 7 shows the probability of correct classification for the FDP with (scr+) or without (scr-) a one-

animal sighting study and using evident toxicity (evTox+) or lethality (evTox-) with two animals per dose 

group. The design with the one animal sighting test (scr+) and 2 animals per dose group approximates the 

proposed draft updated TG 402 (13 Mar 2016 draft). When comparing the probability of correct 

classification for these FDP test designs to one another, it is apparent that the designs with screening tests 

(scr+) outperform the designs without screening tests (scr-) and the designs using lethality (evTox-) 

outperform the designs with evident toxicity (evTox+). Thus, the design with the highest proportion of 

correct classification is the FDP with a sighting study that uses lethality (scr+/evTox-). All of the designs 

had a higher number of chemicals with a high probability of correct classification at starting doses that 

were close to the assigned GHS hazard category of the hypothetical substance. 
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Figure 7. Probability of Correct Classification for Dermal FDP Designs Using Two Animals per 

Dose Group. With (scr+) or Without (scr-) a Sighting Study and Lethality (R = 1) or Evident 

Toxicity (R = 5) 

Figure 8 shows the probability of safe classification (correct classification + overclassification) for the 

FDP with (scr+) or without (scr-) a one-animal sighting study and using evident toxicity (evTox+) or 

lethality (evTox-) with two animals per dose group. Again, when comparing the probability of safe 

classification for these FDP test designs to one another, the designs with screening tests outperform the 

designs without screening tests. The designs using evident toxicity produce a higher proportion of 

chemicals with a high probability of safe classification than the designs without evident toxicity. All of 

the designs had higher correct classifications at the lower starting doses. The exception was chemicals 

with LD50 > 2000 mg/kg, which always had 100% probability of safe classification. Because this is the 

least toxic category, these chemicals can only be correctly classified or overclassified; they cannot be 

underclassified.  
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Figure 8. Probability of Safe Classification for Dermal FDP Designs Using Two Animals per Dose 

Group. With (scr+) or Without (scr-) a Sighting Study and Lethality (R = 1) or Evident Toxicity 

(R = 5) 

Figure 9 shows the number of animals used for the FDP designs with (scr+) or without (scr-) a one-

animal sighting study and with evident toxicity (evTox+) or lethality (evTox-) with two animals per dose 

group. When comparing the numbers of animals used for these designs for chemicals in all hazard 

categories and across all starting doses, the FDP with the sighting study and evident toxicity used the 

lowest numbers of animals (i.e., typically ≤ 6 animals). The design with the next lowest animal use was 

the FDP with the sighting study and lethality (scr+/evTox-), followed by the FDP without the sighting 

study and with evident toxicity (scr-/evTox+). The FDP without the sighting study and with lethality (scr-

/evTox-) used the highest numbers of animals. For the first three starting doses, 50, 200, and 1000 mg/kg, 

the FDP with evident toxicity but no sighting study (scr-/evTox+) used the lowest number of animals. 
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Figure 9. Animal Use for Dermal FDP Designs Using Two Animals per Dose Group. With (scr+) or 

Without (scr-) a Sighting Study and Lethality (R = 1) or Evident Toxicity (R = 5) 

Figure 10 shows the probability of correct classification for the FDP with (scr+) or without (scr-) a one-

animal sighting study and with evident toxicity (evTox+) or lethality (evTox-) using three animals per 

dose group. When comparing the probability of correct classification for these FDP test designs to one 

another, again, the designs with the sighting study outperform the designs without the sighting study and 

the designs using lethality outperform the designs with evident toxicity. Thus, the design with the highest 

proportion of correct classifications is the FDP with a sighting study that uses lethality (scr+/evTox-). All 

of the designs had higher number of chemicals with correct classifications at the starting doses closest to 

the hazard category assigned to the chemical. In comparing the best performing FDP design for correct 

classification (i.e., with the sighting study and without evident toxicity), the performance of the design 

using three animals per dose group (Figure 10) was generally comparable to that of the design using two 

animals per dose group.  

Over most hazard classes, dermal FDP designs (scr+ and evTox- or evTox +) that used three animals per 

dose had similar performance to the designs with two animals per dose (compare Figure 10 with Figure 

7). For chemicals with LD50 < 50 mg/kg, a higher proportion had a high probability of correct 

classification when using three animals per dose group, but for chemicals with LD50 > 2000 mg/kg, the 

number of chemicals with a very low probability of correct classification was higher using three animals 

per dose group. 
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Figure 10. Probability of Correct Classification for Dermal FDP Designs Using Three Animals per 

Dose Group. With (scr+) or Without (scr-) a Sighting Study and Lethality (R = 1) or Evident 

Toxicity (R = 5) 

Figure 11 shows the probability of safe classification (correct classification + overclassification) for the 

FDP with (scr+) or without (scr-) a one-animal sighting study and with evident toxicity (evTox+) or with 

lethality (evTox-) using three animals per dose group. Again, when comparing the probability of safe 

classification for these FDP test designs to one another, the designs with sighting studies (scr+) 

outperform the designs without sighting studies (scr-). The designs using evident toxicity (evTox+) 

produce a higher proportion of safe classifications than the designs with lethality (evTox-). All of the 

designs had higher safe classifications at the lower starting doses. The exception was chemicals with 

LD50 > 2000 mg/kg, which always had 100% probability of safe classification. Because this is the least 

toxic category, these chemicals can only be correctly classified or overclassified; they cannot be 

underclassified. In comparing the best-performing FDP design (with the sighting study and with evident 

toxicity [scr+/evTox+]) for safe classification, the three-animals per dose group design (Figure 11) was 

only marginally better than the two-animals per dose group design. 
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Figure 11. Probability of Safe Classification for Dermal FDP Designs Using Three Animals per 

Dose Group. With (scr+) or Without (scr-) a Sighting Study and Lethality (R=1) or Evident 

Toxicity (R = 5) 

Figure 12 shows the number of animals used for the FDP designs with (scr+) or without (scr-) a one-

animal sighting study and with evident toxicity (evTox+) or lethality (evTox-) using three animals per 

dose group. When comparing the numbers of animals used for these designs for chemicals in all hazard 

categories, the FDP with the sighting study and evident toxicity (scr+/evTox+) used the lowest numbers 

of animals. The design with the next lowest animal use was the FDP with the sighting study and lethality 

(scr+/evTox-), followed by the FDP without the sighting study and with evident toxicity (scr-/evTox+). 

The FDP without the sighting study and with lethality (scr-/evTox-) used the highest numbers of animals. 

As would be expected, the FDP designs using three animals per dose (Figure 12) clearly utilized more 

animals than the two-animals per dose design (Figure 9). 
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Figure 12. Animal Use for Dermal FDP Designs Using Three Animals per Dose Group. With (scr+) 

or Without (scr-) a Sighting Study and Lethality (R = 1) or Evident Toxicity (R = 5) 

 

Conclusions 

 While, besides the UDP, the current TG 402 had the best performance for correctly classifying 

chemical hazard, the dermal FDP outperformed all other methods (including TG 402) for safely 

classifying chemicals. Furthermore, the dermal FDP designs used fewer animals than the current 

TG 402 or the UDP. 

 Dermal FDP designs with the one-animal sighting study performed better than designs without 

the sighting study. More chemicals had a high probability of correct classification and safe 

classification and they used fewer animals. 

 For the FDP designs that included the sighting study, those that used evident toxicity used fewer 

animals and had a larger number of chemicals with high probabilities for safe classification over 

most hazard classes than designs that used lethality. 

 Over most hazard classes, dermal FDP designs (scr+ and evTox- or evTox +) that used three 

animals per dose had similar performance to the designs with two animals per dose.  

 Dermal FDP designs that included the sighting study (scr+) and used evident toxicity (evTox+) 

had poor performance for classifying chemicals with LD50 > 2000 mg/kg at starting doses below 

2000 mg/kg. Given that 2000 mg/kg is the limit dose, a starting dose of 1000 mg/kg may be 

preferable to lower starting doses.  
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 Of any of the dermal FDP designs, the two animals per dose group design using the sighting 

study (scr+) and lethality (evTox-) seemed to have a correct classification performance closest to 

that of the current TG 402. The FDP design, however, had a larger number of chemicals with a 

high probability of safe classification and used fewer animals. 
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