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About the OECD 

 

 The Organisation for Economic Co-operation and Development (OECD) is an 
intergovernmental organisation in which representatives of 30 industrialised countries in North 
America, Europe and the Pacific, as well as the European Commission, meet to co-ordinate and 
harmonise policies, discuss issues of mutual concern, and work together to respond to international 
problems. Most of the OECD's work is carried out by more than 200 specialised Committees and 
subsidiary groups composed of Member country delegates. Observers from several countries with 
special status at the OECD, and from interested international organisations, attend many of the 
OECD's Workshops and other meetings. Committees and subsidiary groups are served by the OECD 
Secretariat, located in Paris, France, which is organised into Directorates and Divisions. 

 The work of the OECD related to chemical safety is carried out in the Environment, Health 
and Safety Programme. As part of its work on chemical testing, the OECD has issued several Council 
Decisions and Recommendations (the former legally binding on member countries), as well as 
numerous Guidance Documents and technical reports. The best known of these publications, the 
OECD Test Guidelines, is a collection of methods used to assess the hazards of chemicals and of 
chemical preparations. These methods cover tests for physical and chemical properties, effects on 
human health and wildlife, and accumulation and degradation in the environment. The OECD Test 
Guidelines are recognised world-wide as the standard reference tool for chemical testing. 

 More information about the Environment, Health and Safety Programme and its publications 
(including the Test Guidelines) is available on the OECD’s World Wide Web site 
http://www.oecd.org/ehs/. 

 The Environment, Health and Safety Programme co-operates closely with other international 
organisations. This document was produced within the framework of the Inter-Organisation 
Programme for the Sound Management of Chemicals (IOMC). 

 

The Inter-Organization Programme for the Sound Management of Chemicals (IOMC) was 
established in 1995 by UNEP, ILO, FAO, WHO, UNIDO and the OECD (the Participating 
Organisations), following recommendations made by the 1992 UN Conference on 
Environment and Development to strengthen co-operation and increase international co-
ordination in the field of chemical safety.  UNITAR joined the IOMC in 1997 to become the 
seventh Participating Organisation.  The purpose of the IOMC is to promote co-ordination of 
the policies and activities pursued by the Participating Organisations, jointly or separately, to 
achieve the sound management of chemicals in relation to human health and the 
environment. 
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HISTORY OF THE DOCUMENT 

1. The development of the OECD Guidance Document for the conduct of skin absorption 
studies was agreed at a meeting of the OECD Extended Steering Group on the Development of in vitro 
and in vivo Percutaneous Absorption Methods as Test Guidelines in Research Triangle Park, NC, 
USA in October 1997. The need for the Guidance Document became apparent when national experts 
from a number of Member countries could not agree on the possibilities and limitations of the in vitro 
test.  A Guidance Document was considered the most suitable option to explain Member country’s 
concerns and options for use of the in vitro method.    

2. The Toxicology Expert Group of the European Crop Protection Association (ECPA) 
volunteered to assist in the preparation of a first draft of the Guidance Document, in addition to the 
revision of the draft Test Guidelines. A sub-group of technical experts from ECPA was formed to 
undertake this task.  

3. Several meetings of the ECPA Dermal Absorption Group took place during 1998 and 1999. 
In preparing the first draft suggestions made at the Meeting of the OECD National Co-ordinators of 
the Test Guidelines Programme in August 1998 (WNT 10) and at an OECD Steering Group Meeting 
in Lodz, Poland in June 1999 were taken into account. 

4. In November 1999, an OECD Expert Group was established to reconsider the first draft and 
to gain consensus on specific aspects of the Guidance Document. This Expert Group comprised  
Angela Auletta (US EPA); Bob Bronaugh (US FDA);  Jon Heylings (Syngenta, UK);  John Worgan 
(Health Canada)and Errol Zeiger.  The OECD Secretariat provided practical assistance and technical 
guidance.  

5. Following further discussion between the WNT and the technical expert groups, the revised 
Guidance Document was presented to the National Co-ordinators meeting in May 2000 (WNT 12). 
The Guidance Document was endorsed and declassified by the Joint Meeting of the Chemicals 
Committee and Working Group on Chemicals, Pesticides and Biotechnology in May 2001.  

6. The Guidance Document provides additional technical background to both the in vivo and in 
vitro methods for skin absorption as described in Test Guidelines 427 and 428 respectively.  It further 
highlights explains the use of the outcome of these tests for hazard and risk assessment purposes. 
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INTRODUCTION 

7. Some of the procedures required by the OECD guidelines for the conduct of skin absorption 
studies (OECD 427 and 428) need further detail before scientists unfamiliar with such procedures can 
undertake these types of studies correctly.  Furthermore, some users of the guidelines from specific 
industries (e.g. cosmetic, detergent and agrochemical) may have requirements, which are difficult to 
embody within guidelines of broad applicability.  For these reasons, this guidance document has been 
prepared to support technical aspects of the OECD skin absorption test guidelines (1) (2). 

INITIAL CONSIDERATIONS 

8. The methods for measuring skin absorption and dermal delivery can be divided into two 
categories: in vivo and in vitro. In vivo methods in experimental animals have traditionally been used 
to assess skin absorption for regulatory purposes and national guidelines are available (3)(4)(5). They 
have some advantages over in vitro methods, which include generation of systemic kinetic and 
metabolic information. The disadvantages are the use of live animals, the need for radio-labelled 
material to facilitate reliable results, difficulties in determining the early absorption phase and the 
differences in permeability of the preferred species (rat) and human skin.  Animal skin is generally 
more permeable and therefore may overestimate human percutaneous absorption (6)(7)(8). 

9. The in vitro method has been described in detail in a number of monographs published over 
a 10-year period (9)(10)(11)(12)(13)(14)(15)(16)(17). The advantages of the in vitro method over the 
in vivo method are that it can be used equally well with skin from humans and other species; several 
replicate measurements can be made from the same or a number of different subjects; live animals are 
not used; intended use exposure conditions can be studied; a wider range of physical forms can be 
investigated (i.e. including solids and granules); the impact of skin damage on absorption can be 
assessed avoiding ethical issues. In addition, the in vitro method can be used for non-radio-labelled 
test substances, which are extensively metabolised.  A limitation associated with an in vitro approach 
is that sink conditions of the peripheral blood flow may not be fully reproduced.  However, skin 
absorption is primarily a passive process and studies undertaken using appropriate in vitro 
experimental conditions have produced data for a wide range of chemicals that demonstrate the 
usefulness of this method (18)(19)(20)(21)(22)(23) (24)(25)(26)(27)(28)(29) (30)(31)(32)(33)(34)(35) 
(36)(37)(38)(39)(40)(41). Such methods have found use in, for example, comparing delivery of 
chemicals into and through skin from different formulations and can also provide useful models for 
the assessment of risk due to percutaneous absorption in humans.  

10. National regulatory authorities may have different preferences for in vivo and/or in vitro skin 
absorption studies, so the choice of which method(s) to use should be in line with the requirements of 
the specific regulatory bodies/authorities. The use of in vivo and/or in vitro methods will depend on 
the situation being evaluated. In vivo data may be used alone. However, it may be possible, depending 
on the intended use of the test substance, to undertake only an in vitro study for a first evaluation of 
skin penetration. Where a more refined evaluation of dermal absorption is required, in vitro and in vivo 
data are considered together.  It is advisable to contact the appropriate regulatory authority to confirm 
the most relevant and adequate test protocol(s) before conducting skin absorption studies. 

11. The principle factors relating to the experimental conditions for in vitro skin absorption 
studies are discussed in detail in this guidance document. 

12. To demonstrate the performance and reliability of the test system in the performing 
laboratory, the results for relevant reference chemicals should be available and in agreement with 
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published literature, e.g. (12) for the method used. This alternative could be met by testing an 
appropriate reference substance (preferably of a lipophilicity close to the test substance) concurrently 
with the test substance or by providing adequate historical data for a number of reference substances 
of different lipophilicity (Typical examples of reference chemicals that have been extensively studied 
in vivo and in vitro, include caffeine (log Pow 0.01), benzoic acid (log Pow 1.83) and testosterone (log 
Pow 3.32).  

 

PRINCIPLE OF THE TESTS 

13. The methods for measuring dermal absorption and dermal delivery can be divided into two 
categories: in vivo and in vitro. The methods study the diffusion of a test substance from a test 
preparation through the skin barrier and into the skin. 

In Vivo 

14. The rat is the most commonly used species for the in vivo test. In rats, the application site 
should be about 10 cm2 and should be defined by a device, which is secured on the skin surface. The 
test preparation is applied to the surface of skin. The test preparation remains on the skin for a 
specified period of time, relating to potential human exposure, then the test preparation is removed by 
an appropriate cleansing procedure. During exposure, animals are housed individually in metabolism 
cages from which excreta are collected. When appropriate, exhaled volatile metabolites may also be 
collected. At the end of the study, the animals may be anaesthetised and the dislodgeable dose is 
washed from the skin surface. The animals are then terminated and the amount of dose associated with 
the skin, the carcass and in excreta, is determined. These data allow for an estimate of the total 
recovery of the test substance. The skin absorption of the test substance can be expressed as the 
percentage of dose absorbed per unit time or in terms of an average absorption rate per unit area of 
skin (e.g., µg/cm2/hr). 

15. Test substance remaining in the skin after wash-off will normally move over time by one of 
three processes, it may be sloughed off by desquamation, it may be ingested when the animal grooms 
itself, or it may diffuse into the animal to become systemically available. Suitable technical procedures 
will be required to prevent grooming of the treated site, and to prevent desquamed skin from falling 
into the urine/faeces collection system.  This is crucial to avoid overestimation of the systemically 
absorbed dose. 

In Vitro 

16. Skin from many mammalian species, including humans, can be used. Several references 
discuss interspecies comparison of dermal absorption and absorption through different skin regions 
(11)(12)(16)(25). The test preparation is applied to the surface of excised skin, which is mounted in a 
diffusion cell. The receptor fluid, which must have an adequate capacity to solubilise the test 
substance, is maintained in contact with the underside of the skin from the time of application until the 
end of the collection of the receptor fluid. The test preparation remains on the skin for a specified 
period of time, relating to potential human exposure, and then the test preparation is removed by an 
appropriate cleansing procedure. The receptor fluid is sampled at time points throughout the 
experiment to ascertain the mass (and possibly rate) of the test substance (including any significant 
metabolite) passing through the skin. At the end of the study, the dislodgeable dose, the amount 
associated with the skin and the amount in the receptor fluid is determined. These data are necessary to 
calculate the total skin absorption, and allow for an estimate of the total recovery of the test substance. 
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The skin absorption of the test substance is expressed as the percentage, amount or rate of absorption 
per unit time, or in the case of infinite dose applications, as a permeability constant. 

 

DESCRIPTION OF THE METHODS 

 

Selection of Animal Species 

In Vivo  

17. No further guidance considered necessary 

In Vitro 

18. Skin preparations from human or animal sources including hairless animals can be used 
(9)(10)(11)(12)(13)(14)(15)(33)(35)(36)(37). Reconstituted human skin models can be used if data 
from reference chemicals are consistent with those in the published literature. In most cases, these 
studies are intended to predict skin absorption in humans. Therefore, use of human skin is most 
relevant. However, for regulatory or practical reasons, other animal species may have to be used, 
usually rats or pigs. Rat skin is often used because the majority of regulatory toxicity studies are in this 
species. Furthermore, existing legislation for assessment of in vivo dermal absorption also stipulate the 
use of this species (3)(4)(5). Pig skin is used because of its similarity to human skin in terms of its 
morphology and permeability characteristics, making it a practical alternative (13). Viable skin is 
preferred but it is recognised that viable skin is not always easily available. Furthermore, for reasons 
of comparability, standardised non-viable skin may have advantages.  Therefore, non-viable skin can 
also be used provided that the integrity of the skin can be demonstrated. 

Number and Sex of Animals 

In Vivo 

19. No further guidance considered necessary 

Housing and Feeding Conditions 

In Vivo  

20. No further guidance considered necessary. 

Preparation of Animals 

In Vivo  

21. Animals should be housed and fed according to conventional procedures. An acclimatisation 
period of at least 5 days prior to the application of the test preparation is required. Feed and water 
should be freely available (15). At least 16 hours before treatment, the application site should be 
prepared. For example, in the rat, hair on the shoulders and back is removed with animal hair clippers 
(1)(15). Care is taken to ensure that the skin surface is free of abrasions, which will inevitably increase 
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percutaneous absorption (15). Consequently shaving of the application site should be avoided. The 
area must be large enough to allow reliable calculation of the absorbed amount of test substance per 
cm2 skin, preferably at least 10 cm2 (15). The skin may be washed prior to dosing with a suitable 
medium, such as water or a mild detergent (15). However, careful consideration must be given to the 
possibility of modifying the skin or its barrier properties. The reasons for washing and the choice of 
the cleansing agent should be justified in the report. After preparation, the animals are placed in their 
individual metabolism cages. Before application animals are marked to permit individual 
identification. 

Diffusion Cell 

In Vitro 

22. There are several types of diffusion cells, which all consist of a donor chamber and a 
receptor chamber between which the skin is positioned (9)(11)(16)(45)(46). In a set of diffusion cells, 
each cell has the same surface area, typically in the range 0.3 to 5 cm2. The skin preparation is 
positioned in the cell with the stratum corneum uppermost. The cell should provide a good seal around 
the skin, and enable good mixing and easy sampling of the receptor fluid. It must be made from an 
inert material, such as glass or PTFE, to minimise interaction with the test substance. The design of the 
cells should allow accurate temperature control of the skin and receptor fluid. Either static or flow-
through cells are acceptable (43)(45)(46)(47). Donor chamber design should allow for occlusion and 
easy removal of the test preparation, if required. 

Receptor Fluid 

In Vitro 

Acceptable Receptor Fluids 

23. The selection of the receptor fluid must be compatible with the skin preparation and meet the 
key parameter of solubility of the test substance (not the test preparation) in the receptor fluid. 

24. For non-viable skin preparations, the receptor fluids for evaluating water soluble compounds 
are usually saline solutions, pH 7.4. For lipophilic test substances the receptor fluid can contain 
organic solvents such as 1:1 ethanol:water or 6% polyethylene glycol 20 oleyl ether in water (12)(13). 
Barrier integrity of skin must not be damaged. Thin preparations of sections of skin (200 µm) have 
been shown to have increased susceptibility to barrier damage. 

25. For metabolically active skin preparations, a physiological based receptor fluid, e.g. tissue 
culture medium should be used (10)(11)(12)(13)(14)(15). The limitation of using such a receptor fluid 
for non-polar test substances is the potential inadequate solubility of the test substance in the receptor 
fluid. This should be addressed by the addition of a modifier to the physiological fluid, typically 6% 
polyethylene glycol 20 oleyl ether (47) or 5% bovine serum albumin (15).  

26. For non-radio-labelled test substances the chosen receptor fluid should not interfere with the 
analytical methods employed. 

Solubility of Test Substance in Receptor Fluid 

27. It is imperative that solubility in the receptor fluid is not a rate-determining step in skin 
absorption (12)(13)(15)(16). 
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28. Normally in flow-through systems an adequate flow rate of receptor fluid will prevent back 
diffusion. In static systems it is particularly important to ensure satisfactory solubility. Ideally, an 
estimate of the likely maximum achieved concentration of test substance in receptor fluid should be 
made, based on previous in vivo or in vitro study data. Physicochemical data or experimental results 
should be used to show that about 10 times this concentration is achievable under the experimental 
conditions (15)(16). This will ensure that back diffusion is not significant. The absorption rate profile 
over the study duration can be used retrospectively to confirm that solubility was not rate limiting. 

Receptor Fluid Exchange /Flow Rate 

29. In static cells, the volume of the specific receptor fluid (typically 2-20 ml) has to be 
sufficient not to limit the dermal absorption of the test substance (44). 

30. In flow-through cells the volume of the receptor fluid in the receptor chamber beneath the 
skin is typically 0.1 - 5 ml. This volume must be replenished continuously such that the rate of 
diffusion into the receptor fluid does not become a rate-limiting step (44). 

31. Typical flow rates may be 9 ml/hr for a receptor chamber of 3 ml (3 changes/hr), or 1.5 mL 
/hr for a receptor chamber of 150-300 µL (5-10 changes/hr). A slower flow rate (i.e., representing ~1 
change/hr) may sometimes be appropriate, particularly in the case of unlabeled test compound where 
analytical difficulties may result if the concentration of test material in receptor fluid is too low. 

Maintenance of Metabolic Activity 

32. Metabolic activity is not required to study dermal absorption of radio-labelled material, as 
this is a passive diffusion process. However, the biotransformation of the compound in skin prior to 
systemic absorption may be significant for some compounds. Where maintenance of metabolic 
activity is required (i.e., there is a requirement for the identification of metabolites) it is necessary to 
demonstrate that the relevant metabolic activity is maintained for the duration of the study (11)(15). 

33. It is known that changes occur in the metabolic capacity of skin once excised from the donor 
(11)(15). There is usually a rapid reduction in glutathione and phase I enzymes, and a slower reduction 
in energy metabolism. Some enzyme systems such as esterases remain active even after freezing. The 
use of cell culture media or other physiologically compatible receptor fluids will increase the duration 
of metabolic activity. The most widely used indicator of skin viability has been glucose utilization (48) 
since energy metabolism is critical to metabolic integrity. 

34. The degree of metabolism in vitro will depend on the residence time of the test substance in 
the metabolically active tissue layer (normally the epidermis). A longer residence time provides 
greater opportunity for metabolism; residence time is often shorter in vivo than in vitro (16). 

Skin Preparations 

In Vitro 

35. Dermal absorption through human skin is normally assessed using abdominal or breast skin 
(12)(14)(15)(49)(50)(51). When pig skin is used, the most commonly used sites are the flank and the 
ear; skin from the back or limb is also typically used (13). 

36. In the case of the rat, dorsal or ventral skin may be used but dorsal skin should be used if the 
study is designed to correspond with the in vivo application site (12). 
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37. The method of preparation of epidermal membranes varies across species due to the inherent 
differences in skin morphology and follicle depth (12)(13)(15). Commonly, heat separation is used for 
human and pig skin (60°C for one to two minutes; the epidermal membrane is peeled from the dermis 
using forceps). Chemical separation is used to prepare rat epidermal membranes (2M sodium 
bromide). Enzymatic separation using protease or bacterial collagenase is also effective. 

38. Split-thickness skin (typically 200-400 µm thick) is prepared using a dermatome. 

39. Full thickness skin may be used but excessive thickness (ca. > 1 mm) should be avoided 
unless specifically required for determination of the test substance and/or metabolites distribution in 
layers of the skin. 

Storage of Skin Preparations 

40. For the assessment of the percutaneous absorption of a test substance, excised skin can be 
used immediately or stored frozen prior to use (52)(53)(54). There is evidence available that 
appropriate storage has no relevant effect on the in vitro permeability of both human and animal skin 
(52). The ability to use stored skin from human donors post mortem rather than being limited by the 
supply from plastic surgery is particularly important in the practical use of the in vitro technique.  

41. Animal and human skin can be stored for several months at -20°C. No changes in human 
skin permeability to tritiated water have been reported in fresh skin stored for up to 3 days at 10°C or 
in frozen skin stored for up to 466 days (52). It is preferable to remove subcutaneous tissue before 
storage as this facilitates handling at later times. Epidermal membranes can be stored at -20°C with no 
changes reported in their permeability compared with fresh skin (53). It is inadvisable to refreeze and 
thaw skin specimens as this can increase the permeability (53). It has been shown that skin stored at 
-20°C exhibited no change in permeability compared with fresh skin. Skin should not be stored at very 
low temperatures since it has been shown that the storage of skin at -80°C can enhance permeability 
(54). However, another study has reported that the barrier integrity of dermatomed human skin (200 
µm) can deteriorate during frozen storage at –20oC during storage intervals ranging from 2 to 12 
months (55). This effect does not seem to depend on the length of storage and so cannot be predicted. 
It is necessary that the barrier integrity of skin be verified after frozen storage using methods described 
in the Skin Preparation Integrity section of this guidance document. 

Skin Preparation Integrity 

In Vitro 

42. It is critical that the integrity of the stratum corneum is retained during skin/membrane 
storage and preparation, and that the selected preparation method can be shown not to cause physical 
damage. 

43. There are various methods that can be used to evaluate skin preparation integrity 
(12)(13)(15)(56)(57). However, care should be taken that the integrity check is relevant to penetration 
by the test substance. If integrity is diminished, then an over estimate of permeability will be made. 

44. The first step in evaluating a skin preparation is to make a visual examination for physical 
damage, excluding unsuitable samples. Secondly, the skin sample must be mounted and allowed to 
equilibrate in the cell and allowed to hydrate, this will often close small holes such as open hair 
channels. It is recommended that any pre-study integrity evaluation procedure does not take longer 
than a few hours, and is performed just before application of the test preparation. 
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45. Acceptable methods of integrity evaluation are listed below. One of the methods (a, b or c) 
should be performed for each cell. 

a) Pre-study integrity evaluation methods 
 

•  checking that electrical resistance to an alternating current, at up to 2 volts, is in the normal 
range for the skin type, or; 

•  checking that trans-epidermal water loss (TEWL) from the stratum corneum is in the normal 
range for the skin type, or; 

•  measuring the penetration characteristics of a reference material (e.g., tritiated water) may be 
suitable. However, any physical deterioration in the skin preparations (due to time at ambient 
temperature or hydration) may result in an overestimate of permeability. 

 
46. Pre-study evaluation has the advantage that damaged skin can be eliminated before 
performing the test. It is essential to remove any liquid used and to allow the skin surface to dry before 
application of test preparation. The skin should be allowed to equilibrate with the receptor fluid for 
typically 10 to 30 minutes before dose application. 

b) Concurrent integrity evaluation 
 
47. Addition of a reference material to the test preparation (e.g., high specific activity 3H-
Sucrose in a 14C-test substance formulation) can be a valuable method provided that the concentration 
of the reference material is low enough to avoid a contribution to the thermodynamics of the 
formulation, and that the difference between the log P of the reference and test substance is not 
significant. For practical reasons this cannot be used for every test preparation.  

c) Post-study integrity evaluation 
 
48. Use of any of the methods given in a) above may be performed after the exposure to the test 
preparation. However, stratum corneum integrity may have been reduced during/after the study 
because of physical wash-off procedures or hydration/ degeneration or effects of the test formulation. 
Hence, post-study physical evaluation is usually only appropriate following certain short exposure 
studies (e.g., hair care products). Post-study data analysis can be used to identify damaged skin 
preparations by comparison to the mean absorption data for the other cells; the test substance 
penetrating damaged skin at a higher rate and earlier time than for intact membranes. 

Test Substance 

In Vivo and In Vitro 

49. For practical reasons, the test substance ideally should be radio-labelled, in a metabolically 
stable position preferably with 14C, and of suitable radiochemical purity (ideally >98%). This allows 
for the evaluation of distribution and recovery of the test substance. In addition, it facilitates rapid, 
accurate, sensitive analysis of all components of the test system. The radio-labelled chemical may be 
diluted, when appropriate, with non-radio-labelled chemical. The specific activity and radiochemical 
purity of the test substance must be known (9)(12)(15)(16).  
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50. Despite the advantages of using radio-labelled test substance, it is not always possible or 
practical to make a representative test preparation (e.g., for complex formulations such as 
microencapsulated or granular products). Furthermore, in many cases, for example industrial 
chemicals and their intermediates, surfactants and inorganic substances, radio-labelled test substance 
cannot be synthesised. In this situation, a non-radio-labelled chemical may be utilised if suitable 
validated assay procedures exist for the chemical in the relevant samples.   

Test Preparation 

In Vivo and In Vitro 

51. The test preparation (e.g., the actual formulated material containing the test substance that is 
applied to the skin) should be the same (or a realistic surrogate) as that to which humans or other 
potential target species may be exposed. The test preparation is usually made by mixing the radio-
labelled test substance with the blank preparation (commercial preparation excluding the test 
substance). It is critical that the labelled test substance is formulated to be representative of the non-
labelled test substance in the ‘in-use’ preparation. Wherever appropriate, dilutions are made according 
to the procedures recommended for normal use, which is often a dilution with water, in order to 
produce a solution or suspension (9)(11)(16)(46).  

52. Solids, such as powders, should be moistened with water to assist skin contact and 
quantitative and homogeneous application of the dose. Moistening will to some degree mimic the 
environmental humidity and the presence of perspiration as for normal ‘in-use’ conditions. 

53. The stability and homogeneity of the test substance in the test preparation should be 
determined. For solid and semi-solid test formulations and for suspensions, the test substance 
uniformity within the formulation should be verified. 

Application to the Skin 

In Vivo  

54. Immediately prior to dosing, the animal is removed from the metabolism cage. Usually, good 
animal handling restraint alone is adequate for test substance application, but animals may be sedated 
or lightly anaesthetised where necessary while manipulations are performed to prevent movement (1). 
The area of application should be clearly defined on the animal. The application area should normally 
be approximately 5-10% of the animal surface area, i.e. 10 cm2 for the rat (200 – 250 g b.w.). An 
application system should be used which consists of a raised support within which the test formulation 
is applied, it must be designed such that it does not to cause damage to the skin. The system must 
prevent the animal from interfering with the application site, while preventing any spreading of the 
chemical outside the defined area. A common procedure is for a ring (e.g. rubber O-ring, PTFE rings, 
disposable beakers, etc.) of an inert material to be securely glued to the skin over the clipped area 
before applying the test formulation using cyanoacrylate adhesive to confine the treated skin area 
(9)(11)(12)(15)(16). The applied dose should mimic the ‘in-use’ conditions. It should be given as an 
appropriate quantity of test preparation (usually as a volume) spread on the skin surface. 1-5 mg/cm2 
or up to 10 µL/cm2may be used. Larger amounts tend to run-off in actual exposure conditions 
(9)(12)(15)(16). Smaller volumes may be appropriate, based on the physicochemical properties of the 
test preparation, for example low viscosity liquids. If a spreader is used to evenly distribute the test 
preparation, it should be checked for retention of material and the applied dose should be corrected for 
these losses. The application system must be covered, e.g. a nylon gauze may be glued over the ring to 
protect the test preparation against unintentional removal or spreading. Dislocation of the ring by the 
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animal can be prevented by placement of a collar or, in the rat, rubber tubing behind the forelegs or the 
neck (1)(18). Furthermore, the ring should be deep enough to account for non-occlusive conditions 
and to prevent the cover rubbing on the treated skin (11). Full occlusion over hydrates the stratum 
corneum and produces an artificial overestimate of penetration (10). The animals are finally returned 
to their individual metabolism cages.  

55. In a typical study with radio-labelled test substance in the rat, an application of 300 kBq – 
500 kBq (8.0 – 13.5 µCi) of 14C radioactivity/kg body weight over 10 cm2 area of skin would be 
adequate to detect penetration of 1% of the applied dose. 

In Vitro 

56. For finite dose experiments, the applied dose should mimic the ‘in-use’ conditions. It should 
be given as an appropriate quantity of test preparation (usually as a volume) spread on the skin 
surface. Up to 10 mg/cm2 or 10 µL/cm2 could be used. Larger amounts tend to run-off in actual 
exposure conditions (9)(12)(15)(16). Smaller volumes may be appropriate, based on the 
physicochemical properties of the test preparation, for example low viscosity liquids.  

57. An infinite dose is the amount of test preparation applied to the skin where the maximum 
absorption rate is achieved and maintained. Thus, the concentration of test substance in the donor 
compartment is not significantly diminished during the study.  

58. Infinite dose experiments, with typical doses of 100 µL/cm2 (or >10 mg/cm2) and more, may 
be appropriate to obtain steady-state conditions from which the steady-state flux or absorption rate and 
the Kp value (cm/hour) can be calculated. Such a volume ensures continuous excess of test preparation 
in the donor compartment (16). 

59. In some cases a spreader may be required to evenly distribute creams, pastes and other 
viscous test preparations over the application site. In those cases the spreader should be checked for 
retention of material and the actual applied dose should be determined by subtraction of the amount of 
retained material from the applied dose.  

60. For studies with radio-labelled test substance an application of 37 kBq (1 µCi) of 14C over 1 
cm2 area of skin preparation is more than adequate to detect penetration of 1% of the applied dose. 

Occlusion Conditions 

In Vivo and In Vitro 

61. To mimic normal exposure conditions, the surface of the skin may be unoccluded, semi-
occluded or occluded. Unoccluded conditions allow any volatile component of the test preparation to 
evaporate and the normal drying process to occur. In addition, unoccluded or semi-occluded 
conditions can avoid skin integrity damage caused by excessive hydration (44), which may occur with 
occlusion. The open atmosphere design of the  in vitro approach also allows a more direct comparison 
with the in vivo approach where the application site is normally protected but not occluded (12)(31). 

62. It is also possible to study the effects of occlusion and reduced evaporation by covering the 
donor chamber with a glass coverslip or parafilm. It is important that the duration of any occlusion 
should reflect the human exposure scenario. 
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Temperature 

In Vitro 

63. Alterations in skin temperature may affect the absorption process since diffusion is 
temperature dependent (16). Thus, the receptor fluid in contact with the skin must be maintained at a 
constant temperature, normally 32 ± 1°C, which is considered to be the temperature of human skin.  

64. Most in vitro systems use a water bath or a solid block heater to maintain the temperature of 
mounted skin preparations. A suitable thermometer should be used to demonstrate that the system 
(when stable) maintains the skin (or receptor fluid) at the target temperature. 

65. It is not necessary to measure the surface temperature and % relative humidity of every skin 
preparation for each test, but it should be demonstrated that the system performs to the required 
standard. 

Duration of Exposure and Sampling 

66. For in vivo and finite-dose in vitro studies, the exposure time (time from application to wash-
off, or to study termination if no wash-off is performed) should reflect  ‘in-use’ conditions and thereby 
allow a quantification of the amount of chemical which has been absorbed over a time course(s) which 
relates to potential human exposure (12). For example, for a rinse-off product this may be as short as a 
few minutes or, for a leave-on product, could be 24 hours or longer. In the case of industrial chemicals 
and agrochemicals the exposure period should reflect the occupational exposure. For example, an 
agrochemical product or its spray strength dilution may be exposed for a 6-hour period (15). Exposure 
times for industrial materials should mimic any specific work-place exposure within the limitations of 
the methods. 

67. Washing of the skin surface terminates the exposure period. The procedure to remove the 
test preparation from the surface of the skin should mimic normal practice ‘in-use’. The most 
appropriate method of washing the skin is use of an aqueous soap, or that which reflects hygiene 
practice. The use of natural sponge or cotton swabs is recommended to more closely represent the 
mechanical surface contact associated with using soap. Skin washing may be undertaken at a defined 
time point within a study in addition to the terminal procedure described above. For in vitro studies, 
the small size and delicate nature of the skin preparation can make the washing of the skin surface less 
efficient than that achieved in vivo. This would lead to an underestimate of the dislodgeable dose. All 
materials used in these washing procedures must be appropriately rinsed, dissolved or extracted for a 
recovery determination. Since the efficiency of the washing procedure may vary with the nature of test 
substance / preparation it is recommended to establish the efficiency of the washing procedure. This 
could be done by applying the test substance on the surface of skin samples isolated in diffusion cells 
and removing it immediately after this application. The wash solution should then contain 100% of the 
test substance and the skin sample 0% of the test substance  

In Vivo 

68. The absorption profile is dependent on the thermodynamic properties of the test substance in 
the test preparation therefore the sampling period should be adapted accordingly. Termination times 
should allow an estimate of absorption over the period of interest, to provide data on systemic 
exposure per hour or per day. A 24-hour termination time point will allow an estimation of the daily 
systemic exposure. Other groups maintained for longer periods post-exposure are commonly necessary 
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to understand the fate of the skin residue post-exposure. A preliminary investigation may be useful in 
identifying the optimum period for any individual chemical. 

In Vitro 

69. To allow for any potential inertia between entry of the chemical into the stratum corneum 
and its partitioning into the receptor phase, it is important to sample the receptor fluid for at least a 24-
hour period. It may be necessary to extend the sampling period beyond 24 hours in cases where the lag 
phase is particularly long. However, an increase of exposure time over 24 hours may alter the skin 
integrity depending on the receptor fluid used  

70. When an infinite application is used, an exposure period beyond 24 hours may be 
appropriate in order to achieve a steady-state flux and enable the calculation of a permeability 
coefficient. 

71. The objective is to determine the absorption profile and to do this, 6-12 sampling points over 
a 24 hour period are normally required. However, the actual frequency of receptor fluid sampling 
should be based on the information available prior to the experiment such as the physicochemistry of 
the test substance/type of formulation and likely lag time. Analytical considerations may require 
relatively high sample volumes to be taken with a consequent reduction in sampling frequency. In 
static cells, correction for the change in volume of the receptor fluid (and hence concentration of 
penetrant) should be made after sampling by replacement with fresh receptor fluid. 

Terminal Procedures 

In Vivo and In Vitro 

Skin Fractionation 

72. Skin fractionation may be performed to further define the localisation of the test substance 
within the skin, as required by the objectives of the study (15). This can be particularly useful in in 
vivo studies where sequential groups are analysed at different times post-exposure. Tape stripping can 
be used to remove stratum corneum from skin (e.g., 15-25 strips for human skin) (16)(58). This 
procedure is normally achievable in vivo, but in vitro can be difficult with epidermal membranes, 
rodent skin, study durations of over 24 hours or where the test preparation alters the stratum corneum. 
Cyanoacrylic glue on a solid glass slide can be used to remove the stratum corneum with skin 
appendages. Freezing or otherwise fixing skin preparations allows the use of a microtome to cut the 
samples in horizontal slices (16). Histological evaluation is normally required to verify the level from 
which the layers originated. The above procedures can be used to fractionate the skin, the layers can 
then be dissolved in scintillation fluid or analysed for test material / metabolites using suitable 
methods to quantitate the distribution of test material in skin. An alternative method of evaluating 
distribution within skin is to take vertical sections through the skin and use autoradiography or other 
analytical techniques to visualise the test substance (15). Other procedures such as visualisation by 
confocal microscopy may be used when the detection methods can be shown to be adequately accurate 
(specific and sensitive). These methods would normally be regarded as semi-quantitative, but can be 
adequate to give a good indication of test substance distribution, and hence its immediate 
bioavailability (15). 
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Analysis 

In Vivo 

73. The quantity of test substance and/or metabolites in the following compartments should be 
determined: 

•  application system (e.g. spreader, O-ring, cover, bandage, activated charcoal, etc.) 

•  dislodgeable dose from skin surface (washings, sponges, etc.) 

•  skin from the treated site (which may be fractionated into stratum corneum, epidermis and 
dermis) 

•  desquamated skin (from protective dressings post-exposure) 

•  urine, faeces, and cage washing 

•  expired gas should be collected daily if it is likely that volatile radioactive metabolites (>5% 
of applied dose) would be expired (based on information from metabolism studies) 

•  blood, sample of untreated skin target tissue (optional), and remaining carcass 

•  solvent washings of any other potentially contaminated material (e.g. surgical equipment 
used for skin sampling and metabolism bowls) 

An additional study can be conducted to determine whether test compound in the layers of skin at 
the end of a study will ultimately diffuse through the skin, remain in the skin or be removed by the 
surface shedding of the stratum corneum. Results of this study may show that skin levels of test 
compound need not be considered to be percutaneously absorbed. 

In Vitro 

74. For finite dose applications the quantity of test substance and/or metabolites in the following 
compartments should be determined: 

•  applicator (spreader, glass rod, loop, etc.) 

•  donor chamber 

•  dislodgeable dose from skin surface (washings, sponges, etc.). 

•  stratum corneum, when sampled (tape strips, etc.) 

•  skin preparation  

•  receptor fluid and receptor chamber 

75. Microcirculation is obliterated in in vitro skin. Consequently, dermal tissue can retain 
penetrating compounds, which would have left the skin to join the systemic compartment in vivo. 
Thus such a retention into the dermis in vitro must be taken into account when calculating absorbed 
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dose. The epidermis renews itself by continuous outward proliferation, differentiation and 
desquamation. Xenobiotics found after topical application in the skin, particularly the stratum corneum 
and the pilosebaceous unit, may be lost from the skin in vivo via desquamation or sebum secretion. 
Because these processes are not functional in vitro, the terminal stratum corneum levels may be 
elevated compared with in vivo levels.  

76. It has been demonstrated that lipophilic test substances may be artificially retained in skin 
even when polyethylene glycol 20 oleyl ether or alcohol-water solutions have been used as receptor 
fluids to solubilize the compounds (59). The amount of artificial retention of lipophilic test compounds 
by skin will vary with the compound and cannot be predicted at this time. It is therefore necessary that 
skin levels of test compound measured at the end of a study be included with the receptor fluid levels 
to determine total percutaneous absorption. Skin absorption may be expressed using receptor fluid 
alone provided that this can be justified.  

In Vivo and In Vitro 

77. An adequate mean recovery is in the range of 100 ± 10%. Under certain circumstances, for 
example the test of a volatile substance that had to be trapped in a filter, recovery boundaries 100 ± 
20% may be acceptable. The reason for not meeting the goal of 100 ± 10% recovery should be 
explained in the report. There may be reasons why a full recovery analysis cannot be done with 
unlabelled test substance, for example: 

•  analytical problems (e.g. limit of determination, extraction and quantification from the 
complex matrices, similarity of the analyte with physiological substances such as fatty acids, 
urea) 

•  test substance degradation is significant 

78. However, unlabeled test compounds should only be used in in vitro studies with lipophilic 
compounds if analytical sensitivity permits skin levels of test compound to be measured at the end of 
the study (See comments in In Vitro Section of Analysis.) 

79. For infinite dose applications, steady-state flux or permeability coefficient (Kp) are 
determined. Recovery determination is not relevant because the only important end-point is the 
appearance of test substance in the receptor fluid (14). 
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Additional Reference Material 
 
The following publications from the PPP conference series are a very useful source of information in 
the field of percutaneous absorption and the methods used to predict the penetration of chemicals 
through the skin barrier.  
 
Prediction of Percutaneous Penetration : Methods, Measurements, Modelling (1990). 
Edited by RC Scott, RH Guy and J Hadgraft. IBC Technical Services Ltd, London.  
 
Prediction of Percutaneous Penetration : Methods, Measurements, Modelling: Volume 2 (1991). 
Edited by RC Scott, RH Guy, J Hadgraft and H Bodde. IBC Technical Services Ltd, London. 
 
Prediction of Percutaneous Penetration : Volume 3b (1993). Edited by KR Brain, VJ James, J Hadgraft 
and KA Walters. STS Publishing, Cardiff.  
 
Prediction of Percutaneous Penetration : Volume 4b (1996). Edited by KR Brain, VJ James and KA 
Walters. STS Publishing, Cardiff.  
 
Perspectives in Percutaneous Penetration : Volume 5b (1998). Edited by KR Brain, VJ James and KA 
Walters. STS Publishing, Cardiff.  
 
Perspectives in Percutaneous Penetration : Volume 6b (2000). Edited by KR Brain and KA Walters. 
STS Publishing, Cardiff.  
 
Perspectives in Percutaneous Penetration : Volume 7b (2002). Edited by KR Brain and KA Walters. 
STS Publishing, Cardiff.  
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GLOSSARY OF TERMS 

Absorbed dose (in vivo): comprises that present in urine, cage wash, faeces, expired air (if measured), 
blood, tissues (if collected) and the remaining carcass, following removal of application site skin. 
 
Absorbed dose (in vitro): mass of test substance reaching the receptor fluid or systemic circulation 
within a specified period of time. 

Absorbable dose (in vitro and in vivo) represents that present on or in the skin following washing.  
 
Absorption (Dermal, Percutaneous and Skin absorption): diffusion of chemicals from the outer 
surface of the skin to the receptor fluid or systemic circulation. 

Absorption profile: a graphical representation of cumulative absorption as a function of time. 

Absorption rate: mass of test substance passing through a unit area of skin into the receptor fluid or 
systemic circulation, per unit time (in µg/cm2/h). 

Adsorption: reversible binding or adherence the test substance to any component of the test system. 

Applied dose: mass of test preparation containing a specified mass of test substance applied per cm2 
of skin. 

Dermal delivery: sum of the applied dose found in the treated skin and the absorbed dose at the end 
of the experiment. 

Dislodgeable dose: mass of test substance that is removable from the application site. 

Exposure period: time from application of test preparation to removal at skin washing. 

Finite dose: amount of test preparation applied to the skin where a maximum absorption rate of the 
test substance may be achieved for a certain time interval but is not maintained. 

Flux: mass of test substance passing through a unit area of skin per unit of time under steady-state 
conditions (in µg/cm2/h). 

‘in-use’ preparation: the preparation of test substance which relates directly to potential human 
exposure (e.g. cosmetic or agrochemical formulations and dilutions thereof, a mixture of industrial 
chemicals in a solvent, etc.). 

Infinite dose: amount of test preparation applied to the skin where a maximum absorption rate of the 
test substance is achieved and maintained. 

Lag time: derived from a graph of cumulative absorbed dose and time. Intercept of the tangent of the 
linear part of the absorption profile with the x-axis. 

Penetration enhancer: adjuvant, which facilitates penetration of the test substance through skin. 
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Percentage absorption: the mass of test substance absorbed (over a given time period) divided by the 
mass of test substance applied multiplied by 100. 

Permeability coefficient (Kp): a value, in units of cm/h, that represents the rate at which a chemical 
penetrates the skin.  This is calculated from the flux divided by the applied concentration. 

Steady-state: the part of an absorption profile where the absorption rate remains constant. 

Test substance: a single chemical entity whose penetration characteristics are under investigation. 

Test preparation: actual material that is applied to the skin. Usually the test preparation will be the 
‘in-use’ preparation that reflects actual use conditions; alternatively it may be a mixture of the test 
substance in a carrier or solvent to facilitate application to the skin.  

Unabsorbed dose: represents that washed from the skin surface after exposure and any present on the 
non-occlusive cover, including any dose shown to volatilise from the skin during exposure. 

 


