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INTRO DUCTIO N

OECD Guidance Document No. 281, governing skin absorption studies, states that normal exposure conditions should be
mimicked and the surface of the skin may be unoccluded, semi-occluded or occluded. It also states that volatile test items
should be “trapped” in order to achieve suitable mass balance. Therefore, a study was designed in order to evaluate the effect
of occlusion on the absorption and distribution of [14C]-Testosterone through human skin in vitro. The structure and site of
labelling of [14C]-Testosterone is provided in Figure 1 and the supplied specific activity, molecular weight and radiochemical
purity of [14C]-Testosterone were 57 mCi/mmol , 290.2 g/mol and 98.3% (confirmed as 98.7% at Charles River), respectively.
The study was designed to comply with OECD Guidance Document No. 281 and OECD Test Guideline No. 4282.
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Figure 1. Structure and site of labelling (*) of [4-14C]-Testosterone

Figure 2. Dermatoming Skin

Four full-thickness human (3 abdomen, 1 breast, all female) skin membranes (1160-2480 µm) were cut with a dermatome
resulting in split-thickness skin ranging in depth of 370-400 µm. The membranes were mounted into static (Franz) diffusion
cells (0.64 cm2), as shown in Figure 3, a an electrical resistance barrier integrity test performed (rejection <10.9 kΩ).
[14C]-Testosterone was radiodiluted (specific activity 42.4 µCi/mg) and incorporated into an ethanol: water (1:1, v/v) vehicle to
generate a test preparation containing [14C]-Testosterone at a concentration of 4.13 mg/mL (target 4 mg/mL). This was applied
at an application rate of 9.92 µL/cm2 (target 10 µL/cm2) to 16 human split-thickness skin membranes. The actual application
rate of [14C]-Testosterone was 41.0 µg equiv./cm2. Eight samples were occluded with traps containing carbon filters and
another 8 samples were left open to the atmosphere. Percutaneous absorption was assessed by collecting receptor fluid
predose and at 1, 2, 4, 8, 12 and 24 h post dose. At 24 h post dose, the occlusive traps (where applicable) were removed and
the exposure terminated by washing the skin. The stratum corneum was removed by 20 success tape strips. All samples were
analysed by liquid scintillation counting.
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CO NCLUSIO NS

In conclusion, when occlusion is a realistic operator exposure, occluded skin must be tested in order to gain realistic absorption
data. However, when occlusion is used to maintain a suitable mass balance (e.g. for volatile test items) only (i.e. not
representative of a realistic exposure), occlusion will provide an over prediction of absorption which will adversely affect a risk
assessment.
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Table 1. Summary of the mean results ± standard deviation for the absorption experiments

RE S ULTS AND DISCUS SIO N

Under occluded conditions, the mass balance, total dislodgeable dose, unabsorbed dose, absorbed dose and dermal delivery
were 40.2, 32.4, 33.9, 4.84 and 6.33 µg equiv./cm2, respectively. Under unoccluded conditions, the mass balance, total
dislodgeable dose, unabsorbed dose, absorbed dose and dermal delivery were 40.0, 32.0, 36.7, 1.59 and 3.32 µg equiv./cm2,
respectively. These results are summarised in Table 1. There was no statistical differences for effect of occlusion on total
dislodgeable dose and mass balance. However, the absorbed dose and dermal delivery increased with occlusion significantly
3-fold and 1.9-fold, respectively. In parallel, the unabsorbed dose decreased significantly with occlusion with most of these
differences accounted for by significant decreases in recovery of [14C]-Testosterone in the stratum corneum. The statistical
increase in dermal delivery was fully explained by the 3-fold increase in absorbed dose with occlusion. The statistical
differences are summarised in Table 2.
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Figure 4. Absorption Profile for [14C]-Testosterone (µg equiv./cm2) in Receptor Fluid Following Topical Application
of [14C]-Testosterone (4 mg/mL) to Human Split-Thickness Skin With and Without Occlusion (Mean + SD, n = 8)

Figure 3. Static (Franz) diffusion cells

Distribution
Dislodgeable Dose
Stratum Corneum
Unabsorbed Dose
Absorbed Dose
Dermal Delivery
Mass Balance

Unoccluded Cells
Occluded Cells
% Applied Dose µg equiv./cm2 % Applied Dose µg equiv./cm2
78.1 ± 8.39
32.0 ± 3.44
79.0 ± 9.52
32.4 ± 3.90
11.3 ± 5.82
4.64 ± 2.38
3.58 ± 2.10
1.47 ± 0.86
89.5 ± 2.99
36.7 ± 1.22
82.7 ± 8.07
33.9 ± 3.31
3.88 ± 1.25
1.59 ± 0.51
11.8 ± 4.92
4.84 ± 2.02
8.11 ± 2.44
3.32 ± 1.00
15.5 ± 8.96
6.33 ± 3.67
97.6 ± 1.90
40.0 ± 0.78
98.1 ± 1.70
40.2 ± 0.70

Dislodgeable dose = skin wash + tissue swab + pipette tip + donor chamber wash + trap & filters (where applicable)
Total unabsorbed dose = total dislodgeable dose + stratum corneum + unexposed skin
Total absorbed dose = cumulative receptor fluid + receptor chamber wash
Dermal delivery = total absorbed dose + exposed skin
Mass balance = total unabsorbed dose + dermal delivery

Table 2. Statistical comparison of effects of occlusion of the absorption and distribution of [14C]-Testosterone through human skin
Dislodgeable Dose
Stratum Corneum
Total Unabsorbed
Exposed Skin
Total Absorbed
Dermal Delivery
Mass Balance

TT-Test
0.406
0.002
0.014
0.361
0.001
0.021
0.299

Significance
NS
**
*
NS
***
*
NS

