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JaCVAM statement  

on skin absorption in vitro method 
 
 

At the meeting concerning the above method, held on 21 October 2013 at the National 
Institute of Health Sciences (NIHS), Tokyo, Japan, the members of the Japanese Center for 
the Validation of Alternative Methods (JaCVAM) Regulatory Acceptance Board unanimously 
endorsed the following statement: 
 
 
The skin absorption in vitro method is considered to be useful to guess the exposed dose 
of substances or products to whole body for regulatory use. 
 
Following the review of the results of OECD (Organisation for Economic Co-operation and 
Development)  Test Guideline (TG 428 and EU SCCP (Scientific Committee on Consumer 
Products) opinion on basic criteria for the in vitro assessment of dermal absorption of cosmetic 
ingredients, etc. it is concluded that skin absorption in vitro method are clearly beneficial.   
 
  The JaCVAM Regulatory Acceptance Board has been regularly kept informed of the 
progress of the study, and this endorsement is based on an assessment of various documents, 
including, in particular, the evaluation report prepared by the JaCVAM ad hoc peer review 
panel for skin absorption testing. 
 
 
 
 
 
 
Takemi Yoshida        Akiyoshi Nishikawa 
Chairperson                                                                              Chairperson 
JaCVAM Regulatory Acceptance Board                                 JaCVAM Steering Committee  

 

20 January, 2014 
 

 
 
 

Takemi Yoshida    
Chairperson                                                    
JaCVAM Regulatory Acceptance Board       

  Akiyoshi Nishikawa 
 Chairperson
JaCVAM Steering Committee 
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The JaCVAM Regulatory Acceptance Board was established by the JaCVAM Steering 
Committee, and is composed of nominees from the industry and academia.  
 
This statement was endorsed by the following members of the JaCVAM Regulatory 
Acceptance Board: 

 
            Mr. Takemi Yoshida (Japanese Society of Toxicology): Chairperson 
            Mr. Norihide Asano (Japanese Environmental Mutagen Society) 

Mr. Tsutomu Ichiki (Japan Chemical Industry Association)* 
Mr. Yoshiaki Ikarashi (National Institute of Health Sciences: NIHS) 
Mr. Tsutomu Miki Kurosawa (Japanese Society for Animal Experimentation) 
Mr. Eiji Maki (Japanese Society of Immunotoxicology) 
Mr. Mitsuteru Masuda (nominee by Chairperson) 
Mr. Akiyoshi Nishikawa (NIHS) 
Mr. Yasuo Ohno (nominee by Chairperson)* 

            Mr. Hiroshi Onodera (Pharmaceuticals and Medical Devices Agency) 
 Ms. Mariko Sugiyama (Japan Cosmetic Industry Association) 
 Ms. Tomoko Tanita (Pharmaceuticals and Medical Devices Agency)* 

Mr. Takashi Yamada (National Institute of Technology and Evaluation)*   
          Mr. Hiroo Yokozeki (Japanese Society for Dermatoallergology and Contact 

Dermatitis) 
            Ms. Midori Yoshida (NIHS) 

Mr. Isao Yoshimura (nominee by Chairperson) 
Mr. Kazuto Watanabe (Japan Pharmaceutical Manufacturers Association) 
 

            Term: From 1st April 2012 to 31st March 2014 
*: From 1st April 2013 to 31st March 2014 
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This statement was endorsed by the following members of the JaCVAM steering Committee 
after receiving the report from JaCVAM Regulatory Acceptance Board: 
 
 

Mr. Akiyoshi Nishikawa (BSRC, NIHS): Chairperson 
Mr. Akihiko Hirose (Division of Risk Assessment, BSRC, NIHS) 
Mr. Masamitsu Honma (Division of Genetics and Mutagenesis, BSRC, NIHS) 
Mr. Jun Kanno (Division of Cellular and Molecular Toxicology, BSRC, NIHS) 
Mr. Toru Kawanishi (NIHS) 
Mr. Kenji Kuramochi (Ministry of Health, Labour and Welfare)* 
Mr. Toshinari Mitsuoka (Ministry of Health, Labour and Welfare) 
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Mr. Kazuyuki Saito (Pharmaceutical & Medical Devices Agency) 
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Mr. Junji Yamamoto (Ministry of Health, Labour and Welfare)* 
Mr. Hajime Kojima (Section for the Evaluation of Novel Methods, Division of 

Pharmacology, BSRC, NIHS): Secretary 
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OECD TG 427 (Skin Absorption: In Vivo Method)
 

 
Opinion on Basic Criteria for the in vitro assessment of dermal absorption of cosmetic 
ingredients - updated March 2006 (Adopted by the SCCP during the 7th plenary of 28 March 
2006)  
Test guideline 428: OECD Guideline for the Testing of chemicals: Skin Absorption: in vitro 
Method (Adopted 13 April, 2004) 
COLIPA GUIDELINES: Guidelines for percutaneous Absorption Penetration (Edition of 
1997) 
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Guideline 
SCCP 

(2006.3) 

OECD 

(TG428, 2004.4) 

Colipa 

(1999) 

拡散セル 
Flow through/Static cell 

（選択は化合物次第） 

Flow through/Static cell 

（有限系：開放，無限系：閉
塞） 

チャンバー(ドナー，レセプ
ター)で皮膚を挟んだもの． 

セルの選択は薬剤による． 

レセプター液 
親水性： 生食，緩衝生食液 

脂溶性： アルブミン，可溶化     
剤/乳化剤の添加は可 

・対象物質が溶解すること 

・皮膚に影響を与えないこと 

・代謝試験では皮膚能を維持す 
ること 

親水性： 生食液，緩衝生食液 

脂溶性： アルブミン，可溶化     
剤を含む液 

皮
膚
膜 

種 
○ ヒト/ブタ，× げっ歯類  

（△ 培養皮膚/再構成皮膚） 

ヒト/動物 

（ヒトの場合は倫理下で） 

 記載なし（Std protocol では
ヒト，ブタ，ラット） 

部位 
 ヒト：腹，脚，胸囲 

 ブタ：腹，胸，背，側，耳 
記載なし 記載なし 

皮膚厚 

 ヒト：○ 200-500 µm 

    △ 500-1,000 µm 

  （表皮膜は過大評価の恐れ） 

 ブタ：500-1,000 µm でもOK 

○ 表皮膜（酵素/熱処理）/剥離  
皮膚（200-400 µm） 

△ full-thickness skin 

× >1mm 

○ whole，split-thickness 

（< 1 mm とすること） 

Integrity test 必須： 
3H2O，カフェイン， 

ショ糖，TER，TEWL 
必須： 方法については記載なし 必須： 3H2O，TEWL など 

被験物質 
RI 体は大規模ロット（Cold体）
とは若干異なる特徴を示す 

RI ラベル化が理想的 

標準処方で1 濃度以上 
- 

適用量 
固形/半固形： 2-5 mg/cm2 

液体：     ～10 µL/cm2 

固形： 1-5 mg/cm2 

液体： ～10 µL/cm2 
実使用で（consumer use） 

n 数(/1ｻﾝﾌﾟﾙ) 
> 6 

（3ドナーx 2 以上） 
最低4 - 

表1-1．ガイドラインの比較（in vitro 経皮吸収試験） 



Guideline 
SCCP 

(2006.3) 

OECD 

(TG428, 2004.4) 

Colipa 

(1999) 

皮膚表面温度 32±1 ℃ 
32±1 ℃ 

（湿度は 30-70 %） 
30-32 ℃ 

適用時間 
24 時間 

（越える場合は皮膚状態に注
意） 

・一般的には 24 時間（対象物 
質の透過性による） 

・適用途中でｻﾝﾌﾟﾘﾝｸﾞを実施  
（透過ﾌﾟﾛﾌｧｲﾙを図示する） 

24 時間 

測定部位 

   ・皮膚表面 

   ・角層 

   ・表皮（角層を除く） 

   ・真皮 

   ・レセプター液 

   ・ドナーチャンバー 

   ・皮膚表面 

   ・皮膚 

   ・レセプター液 

場合によっては，塗布部位，塗
布外部（セル密着部位），角層，
表皮，真皮に分ける． 

   ・皮膚表面 

   ・角層 

   ・表皮（角層を除く） 

   ・真皮 

   ・レセプター液 

回収率 
100±15 % 

（逸脱なら調査/説明） 

RI 使用時の目標は，
100±10 % 

（逸脱なら理由を記載） 

100±15 % 

算出値 
絶対量（µg/cm2） 

吸収率（% of dose） 

有限系の場合： 

 皮膚表面量，皮膚内量，レセ 
プター液の速度および量ある 
いはパーセンテージ． 

無限系の場合： 

 透過係数を算出．パーセン
テー ジは必要ない． 

絶対量（µg/cm2） 

吸収率（% of dose） 

表1-2．ガイドラインの比較（in vitro 経皮吸収試験） 



OECD/OCDE 428 
Adopted : 

  13 April 2004 

1/8

OECD GUIDELINE FOR THE TESTING OF CHEMICALS

1. This test guideline has been designed to provide information on absorption of a test substance 
applied to excised skin.  It can either be combined with the OECD Test Guideline for Skin Absorption: 

 Method (1), or be conducted separately.  It is recommended that the OECD Guidance Document for 
the Conduct of Skin Absorption Studies (2) be consulted to assist in the design of studies based on this Test 
Guideline.  The OECD Guidance Document has been prepared to facilitate the selection of appropriate 

 procedures for use in specific circumstances, to ensure the reliability of results obtained by this 
method. 

2. The methods for measuring skin absorption and dermal delivery can be divided into two 
categories: and .  methods on skin absorption are well established and provide 
pharmacokinetic information in a range of animal species.  An  method is separately described in 
another OECD guideline (1).   methods have also been used for many years to measure skin 
absorption.  Although formal validation studies of the  methods covered by this Test Guideline have 
not been performed, OECD experts agreed in 1999 that there was sufficient data evaluated to support the 

 Test Guideline (3). Further details that substantiate this support, including a significant number of 
direct comparisons of  and  methods, are provided with the Guidance Document (2).  There 
are a number of monographs that review this topic and provide detailed background on the use of an 

 method (4)(5)(6)(7)(8)(9)(10)(11)(12).   methods measure the diffusion of chemicals into and 
across skin to a fluid reservoir and can utilise non-viable skin to measure diffusion only, or fresh, 
metabolically active skin to simultaneously measure diffusion and skin metabolism.  Such methods have 
found particular use as a screen for comparing delivery of chemicals into and through skin from different 
formulations and can also provide useful models for the assessment of percutaneous absorption in humans.  

3. The in vitro method may not be applicable for all situations and classes of chemicals. It may 
be possible to use the in vitro test method for an initial qualitative evaluation of skin penetration.   In 
certain cases, it may be necessary to follow this up with in vivo data. The Guidance Document (2) should 
be consulted for further elaboration of situations where the in vitro method would be suitable. Additional 
detailed information to support the decision is provided in an OECD Expert Meeting report (3). 

4. This guideline presents general principles for measuring dermal absorption and delivery of a test 
substance using excised skin.  Skin from many mammalian species, including humans, can be used.  The 
permeability properties of skin are maintained after excision from the body because the principal diffusion 
barrier is the non-viable ; active transport of chemicals through the skin has not been 
identified.  The skin has been shown to have the capability to metabolise some chemicals during 
percutaneous absorption (6), but this process is not rate limiting in terms of actual absorbed dose, although 
it may affect the nature of the material entering the bloodstream.
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5. The test substance, which may be radiolabelled, is applied to the surface of a skin sample 
separating the two chambers of a diffusion cell.  The chemical remains on the skin for a specified time 
under specified conditions, before removal by an appropriate cleansing procedure.  The receptor fluid is 
sampled at time points throughout the experiment and analysed for the test chemical and/or metabolites. 

6. When metabolically active systems are used, metabolites of the test chemical may be analysed by 
appropriate methods.  At the end of the experiment the distribution of the test chemical and its metabolites 
are quantified, when appropriate.   

7. Using appropriate conditions, which are described in this guideline and accompanying guidance 
document (2), absorption of a test substance during a given time period is measured by analysis of the 
receptor fluid and the treated skin.  The test substance remaining in the skin should be considered as 
absorbed unless it can be demonstrated that absorption can be determined from receptor fluid values alone.  
Analysis of the other components (material washed off the skin and remaining within the skin layers) 
allows for further data evaluation, including total test substance disposition and percentage recovery. 

8. 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 published literature 
for the method used. This requirement 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 (e.g. 
caffeine, benzoic acid, and testosterone). 

Diffusion cell

9. A diffusion cell consists of a donor chamber and a receptor chamber between which the skin is 
positioned (an example of a typical design is provided in Figure 1).  The cell should provide a good seal 
around the skin, enable easy sampling and good mixing of the receptor solution in contact with the 
underside of the skin, and good temperature control of the cell and its contents.  Static and flow-through 
diffusion cells are both acceptable.  Normally, donor chambers are left unoccluded during exposure to a 
finite dose of a test preparation.  However, for infinite applications and certain scenarios for finite doses, 
the donor chambers may be occluded.   

Receptor fluid

10. The use of a physiologically conducive receptor fluid is preferred although others may also be 
used provided that they are justified. The precise composition of the receptor fluid should be provided.  
Adequate solubility of the test chemical in the receptor fluid should be demonstrated so that it does not act 
as a barrier to absorption.  In addition, the receptor fluid should not affect skin preparation integrity.  In a 
flow-through system, the rate of flow must not hinder diffusion of a test substance into the receptor fluid.  
In a static cell system, the fluid should be continuously stirred and sampled regularly.  If metabolism is 
being studied, the receptor fluid must support skin viability throughout the experiment.  
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11. Skin from human or animal sources can be used.  It is recognised that the use of human skin is 
subject to national and international ethical considerations and conditions. Although viable skin is 
preferred, non-viable skin can also be used provided that the integrity of the skin can be demonstrated.  
Either epidermal membranes (enzymically, heat or chemically separated) or split thickness skin (typically 
200-400 μm thick) prepared with a dermatome, are acceptable.  Full thickness skin may be used but 
excessive thickness ( . > 1 mm) should be avoided unless specifically required for determination of the 
test chemical in layers of the skin.  The selection of species, anatomical site and preparative technique must 
be justified.  Acceptable data from a minimum of four replicates per test preparation are required. 

Skin preparation integrity

12. It is essential that the skin is properly prepared.  Inappropriate handling may result in damage to 
the , hence the integrity of the prepared skin must be checked.  When skin metabolism is 
being investigated, freshly excised skin should be used as soon as possible, and under conditions known to 
support metabolic activity. As a general guidance, freshly excised skin should be used within 24 hrs, but 
the acceptable storage period may vary depending on the enzyme system involved in metabolisation and 
storage temperatures (13). When skin preparations have been stored prior to use, evidence should be 
presented to show that barrier function is maintained.  

Test substance

13. The test substance is the entity whose penetration characteristics are to be studied.  Ideally, the 
test substance should be radiolabelled.  

Test preparation

14. The test substance preparation (e.g., neat, diluted or formulated material containing the test 
substance which 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.  Any variation from the ‘in-use’ preparation must 
be justified.  

15. Normally more than one concentration of the test substance is used in typical formulations, 
spanning the realistic range of potential human exposures.  Likewise, testing a range of typical 
formulations should be considered. 

Application to the skin

16. Under normal conditions of human exposure to chemicals, finite doses are usually encountered.  
Therefore, an application that mimics human exposure, normally 1-5 mg/cm2 of skin for a solid and up to 
10 �l/cm2 for liquids, should be used.  The quantity should be justified by the expected use conditions, the 
study objectives or physical characteristics of the test preparation.  For example, applications to the skin 
surface may be infinite, where large volumes per unit area are applied. 

Temperature

17. The passive diffusion of chemicals (and therefore their skin absorption) is affected by 
temperature.  The diffusion chamber and skin should be maintained at a constant temperature close to 
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normal skin temperature of 32 � 1°C. Different cell designs will require different water bath or heated 
block temperatures to ensure that the receptor/skin is at its physiological norm. Humidity should preferably 
be between 30 and 70%. 

Duration of exposure and sampling

18. Skin exposure to the test preparation may be for the entire duration of the experiment or for 
shorter times (i.e., to mimic a specific type of human exposure).  The skin should be washed of excess test 
preparation with a relevant cleansing agent, and the rinses collected for analysis.  The removal procedure 
of the test preparation will depend on the expected use condition, and should be justified.  A period of 
sampling of 24 hours is normally required to allow for adequate characterisation of the absorption profile.   
Since skin integrity may start to deteriorate beyond 24 hours, sampling times should not normally exceed 
24 hours.  For test substances that penetrate the skin rapidly this may not be necessary but, for test 
substances that penetrate slowly, longer times may be required.  Sampling frequency of the receptor fluid 
should allow the absorption profile of the test substance to be presented graphically.  

Terminal procedures

19. All components of the test system should be analysed and recovery is to be determined.  This 
includes the donor chamber, the skin surface rinsing, the skin preparation and the receptor fluid/chamber.  
In some cases, the skin may be fractionated into the exposed area of skin and area of skin under the cell 
flange, and into , epidermis and dermis fractions, for separate analysis.  

Analysis

20. In all studies adequate recovery should be achieved (the aim should be a mean of 100 �10% of 
the radioactivity and any deviation should be justified).  The amount of test substance in the receptor fluid, 
skin preparation, skin surface washings and apparatus rinse should be analysed, using a suitable technique.   

Data

21. The analysis of receptor fluid, the distribution of the test substance chemical in the test system 
and the absorption profile with time, should be presented.  When finite dose conditions of exposure are 
used, the quantity washed from the skin, the quantity associated with the skin (and in the different skin 
layers if analysed) and the amount present in the receptor fluid (rate, and amount or percentage of applied 
dose) should be calculated.  Skin absorption may sometimes be expressed using receptor fluid data alone.  
However, when the test substance remains in the skin at the end of the study, it may need to be included in 
the total amount absorbed (see Guidance Document, paragraph 66).  When infinite dose conditions of 
exposure are used the data may permit the calculation of a permeability constant (Kp).  Under the latter 
conditions, the percentage absorbed is not relevant. 
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22. The test report must include the requirements stipulated in the protocol, including a justification 
for the test system used and should, comprise the following: 

 Test substance:  

� physical nature, physicochemical properties (at least molecular weight and log Pow), purity 
(radiochemical purity);  

� identification information (e.g. batch number); 
� solubility in receptor fluid. 

Test preparation: 

�  formulation and justification of use; 
� homogeneity. 

Test conditions: 

�  sources and site of skin, method of preparation, storage conditions prior to use, any 
pre-treatment (cleaning, antibiotic treatments, etc.), skin integrity measurements, metabolic 
status, justification of use; 

� cell design, receptor fluid composition, receptor fluid flow rate or sampling times and 
procedures; 

�  details of application of test preparation and quantification of dose applied; 
�  duration of exposure; 
�  details of removal of test preparation from the skin, for example, skin rinsing; 
�  details of analysis of skin and any fractionation techniques employed to demonstrate skin 

distribution; 
�  cell and equipment washing procedures; 
�  assay methods, extraction techniques, limits of detection and analytical method validation. 

Results: 

� overall recoveries of the experiment (Applied dose � Skin washings + Skin + Receptor fluid + 
Cell washings); 

� tabulation of individual cell recoveries in each compartment;  
� absorption profile; 
� tabulated absorption data (expressed as rate, amount or percentage). 

Discussion of results. 

Conclusions. 
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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. 

Absorbed dose:  mass of test substance reaching the receptor fluid or systemic circulation within 
a specified period of time. 

The absorbable dose: represents that present on or in the skin following washing.  
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1. BACKGROUND

As early as June 1999, before any OECD guideline on percutaneous absorption was available, 
important scientific articles on the methodology were published [Beck et al. 1995, Diembeck et 
al. 1999]. The SCCNFP discussed the scientific progress with external experts in the field and 
subsequently adopted its first "Basic criteria for the in vitro assessment of percutaneous 
absorption of cosmetic ingredients" [SCCNFP/0167/99]. The publication of such a set of criteria 
was seen as a pro-active action of the SCCNFP in order to support and speed up the introduction 
of in vitro dermal absorption studies of cosmetic ingredients in the evaluation of dossiers of 
cosmetic ingredients belonging to Annexes III, IV, VI or VII to Dir. 76/768/EEC. Moreover, the 
opinion did not only provide basic criteria for the in vitro assessment of dermal absorption of 
cosmetic ingredients, but also discussed some general principles and practical points of the 
methodology. 

In December 2000, two draft OECD Guidelines on dermal absorption became available, namely 
1) OECD Draft Guideline 427 on skin absorption: in vivo method [OECD 427], and 2) OECD 
Draft Guideline 428 on skin absorption: in vitro method [OECD 428]. The combination of the 
OECD-publication with gained practical experience, has led to the incorporation of the in vitro
dermal absorption study in toxicological dossiers of cosmetic ingredients, plant protection 
products, biocides, etc [98/8/EC, 2000/6/EC, Sanco/222/2000]. 

Subsequently, in order to provide an up to date guidance for the application of the in vitro
methodology for cosmetic ingredients, document SCCNFP/0167/99 was revised and updated in 
2003 [SCCNFP/0750/03]. Existing documents such as the "Proposed rule for in vitro dermal 
absorption rate testing …" [US EPA 1999], the "Guidance document on dermal absorption" 
[Sanco/222/2000], the "Draft Guidance Document for the conduct of skin absorption studies" 
[OECD 2000], and the "Technical Guidance Document on Risk Assessment part 1" [ECB 2003] 
were taken into consideration. 

The SCCP has noticed that several dossiers have failed to fulfil the requirements as described in 
document SCCNFP/0750/03. In particular, a recent revision of all hair dye dossiers revealed a 
number of problems [Pauwels and Rogiers 2004]. 

The following actions were undertaken: 

- The SCCP established a working group, consisting of SCCP members and external experts 
in the field of dermal absorption. The present opinion results from the work of the expert 
group, whose task was to reach a consensus concerning a revision of the "SCCP basic 
criteria for the in vitro assessment of dermal absorption of cosmetic ingredients". 

- In order to make the SCCP criteria more widely known, it is intended to expand the 
chapter on dermal absorption in the SCCP Notes of Guidance, 6th revision. 

29



SCCP/0970/06 
Basic criteria for the in vitro assessment of dermal absorption of cosmetic ingredients 

updated March 2006 
____________________________________________________________________________________________

4

2. GENERAL PRINCIPLES

Definitions

The definitions with respect to dermal absorption slightly diverge in different official documents. 
Hereunder, the definitions as proposed by the WHO [WHO 2005] are given here: 

The percutaneous/dermal absorption process is a global term which describes the passage of 
compounds across the skin. This process can be divided into three steps: 

- penetration, which is the entry of a substance into a particular layer or structure such as 
the entrance of a compound into the stratum corneum; 

- permeation, which is the penetration through one layer into another, which is both 
functionally and structurally different from the first layer; 

- resorption which is the uptake of a substance into the vascular system (lymph and/or 
blood vessel), which acts as the central compartment. 

The purpose of dermal absorption studies of cosmetic ingredients is to obtain qualitative and/or 
quantitative information on the amounts that may enter, under in-use conditions, into the 
systemic compartment of the human body. These quantities can then be taken into consideration 
to calculate the margin of safety using the NOAEL of an appropriate repeated dose toxicity study 
with the respective substance. 

Justification for the use of in vitro dermal absorption studies on isolated skin is based on the fact 
that the epidermis, in particular the stratum corneum, forms the principal in vivo barrier of the 
skin against penetration and uptake of xenobiotics in the body. 

Under in vivo conditions, the microcirculatory system (blood and lymph vessels) may carry 
compounds from the dermis into the central compartment (resorption). In vitro, the 
microcirculation is compromised, thus the potential resorption of a compound cannot be 
adequately studied in such a setting.

The dermal tissue may retain penetrating compounds that, in vivo, would have been removed 
into the systemic compartment. Thus, either the dermis must be removed prior to in vitro
investigations (so-called split-thickness skin) or possible in vitro retention in the dermis and 
living epidermis (without stratum corneum) must be taken into account when interpreting the in
vitro results. 

The epidermis renews by continuous outward proliferation, differentiation and desquamation. 
About one layer of corneocytes is shed off per day. After topical application, xenobiotics 
detected in vitro in the skin, particularly in the stratum corneum and the pilosebaceous units, 
might in vivo have been lost from the skin via desquamation or sebum secretion, respectively. 
Because these processes are not present in vitro, the final epidermal (stratum corneum) levels in
vitro could be elevated compared with the corresponding in vivo levels. 
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According to these principles, the following should be included in the protocol for in vitro
dermal absorption studies: 

i. Studies should be performed on appropriate standardised skin preparations. The respective 
choice should be justified in the protocol. The WHO recommends human skin as the gold 
standard.

ii. At the end of the experiment, a full mass balance should be performed. 

iii. When considerable cutaneous metabolism of the test compound occurs in vivo, further 
studies may be necessary. It should be noticed that frozen skin preparations may lack the 
enzyme systems for biotransformation of the test compound and may not provide an 
accurate picture of the formation of metabolites and their dermal absorption. 

 Therefore in vitro studies using frozen skin may not provide complete information on the 
dermal absorption of compounds that undergo biotransformation in the skin nor on their 
potential metabolite(s) formed. The role of cutaneous biotransformation in the absorption 
process is still a matter of scientific debate. 

iv. Sometimes an irreversible binding of an ingredient to the epidermis may occur, followed 
by elimination through in vivo desquamation of the skin surface. When this mechanism is 
assumed, it must be documented by separate experiments. 

3. PRINCIPLE OF THE TEST

At present only skin preparations of natural origin may be used. Although the quality of cultured 
or reconstituted skin has improved importantly during the last years [Coquette et al. 2000], these 
cultures do not possess a complete barrier function comparable to that of living skin. 

OECD Guideline 428 should be followed as close as possible, taking into account the guidance 
given here. Any deviation from the OECD or SCCP guidelines should be documented and 
justified by appropriate scientific argumentation. 

The test substance should be applied in an appropriate formulation on the skin sample which is 
placed in a diffusion cell (cf. 4.1). The skin is then positioned between the upper and lower 
chambers of the cell. Diffusion cells may be of static or flow-through design. The integrity of the 
barrier should be checked by an appropriate method. The test sample should remain in contact 
with the skin on the donor side for a defined period of time, corresponding to the typical use of 
the cosmetic end product, such as leave-on or rinse-off conditions. The receptor fluid should be 
sampled at an early time point (e.g. after 30 minutes), at the end of the experiment and at 
appropriate time points in between in order to obtain an absorption-time profile. A justification 
of the procedure used (static or flow-through conditions) should be provided. The skin and/or 
fluid samples should be analysed by appropriate and validated analytical methods, such as liquid 
scintillation counting, HPLC, GC or other suitable methods. Information on the sensitivity and 
repeatability / time-different intermediate precision of the analytical method(s) should be 
provided.
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4. FACTORS AFFECTING DERMAL ABSORPTION AND METHODOLOGY

Dermal absorption can be affected by several factors : e.g. physical and chemical properties of 
the substance, type and composition of the formulation, occlusion, concentration of the 
substance in the formulation, exposure pattern, skin site of the body and technical aspects of the 
respective in vitro test [Howes et al. 1996, Schaefer and Redelmeier 1996, ECETOC 1993]. 

In the following section, an overview is given of factors that may affect dermal absorption in in
vitro dermal absorption studies. 

4.1. Diffusion cell design 

The diffusion cell consists of an upper donor and a lower receptor chamber, separated by the 
skin preparation under investigation. The stratum corneum faces the donor chamber. Diffusion 
cells should consist of inert non-adsorbing material. Temperature control of the receptor fluid is 
crucial throughout the experiment. The skin surface temperature in the diffusion cell should be 
kept at the in vivo skin temperature of 32  1°C. Additional dermal absorption studies may be 
required in some specific cases, e.g. when substance exposure at a higher skin temperature may 
be expected. The receptor fluid in static cells should be well-stirred throughout the study. The 
advantage of using a flow-through system is continuous sampling; the advantage of using a static 
system is the increase in sensitivity for test substances only poorly penetrating the skin. 

4.2. Receptor fluid 

The composition of the receptor fluid is chosen so that it does not limit the extent of diffusion of 
the test substance, i.e. the solubility and the stability in the receptor fluid of the chemical under 
investigation have to be guaranteed. Saline or buffered saline solutions are commonly used for 
hydrophilic compounds. For lipophilic molecules, serum albumin or appropriate 
solubilisers / emulsifiers are added in amounts which must not interfere with membrane 
integrity. The fluid should not interfere with the analytical procedure. 
As a general rule, the receptor fluid should have a physiological pH. Any deviation from this 
principle should be justified; e.g. in the case of 50/50 ethanol/water (as proposed in the OECD 
Guideline), evidence should be included in the dossier, showing that this does not significantly 
affect the integrity of the skin. 

In order to avoid serial non-detects at early sample points, the receptor fluid volume should be 
kept to a minimum. 

The receptor fluid, preferably degassed in order to avoid formation of air bubbles during the 
experiment, should be thoroughly stirred (static cells) or continuously replaced (flow-through 
cells) during the entire experiment. The choice of static or flow-through conditions in the 
receptor cell should be made on a compound-by-compound basis, depending on its theoretical 
absorption properties and the objective of the study. The choice of the test system should be 
justified in the study report. The amount of penetrated substance in the receptor fluid should not 
exceed 10% of its saturation level at any time, in order to minimise interference with the free 
diffusion process that could produce an underestimation of dermal absorption. The substance 
should be stable in the receptor fluid for the duration of the in vitro test and the subsequent 
analysis.
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4.3. Skin preparations 

Human skin is obviously the best choice but is not always readily available. Alternatively, pig 
skin may be used because it shares essential permeation characteristics with human skin. Rat 
skin is 2 to 10 times more permeable than human skin [Ross et al. 2000] which may result in an 
overestimation of dermal absorption. Mouse, guinea pig or rabbit skins have no adequate barrier 
function comparable to that of human skin. The use of cultured or reconstructed skin models is 
under development and those systems are not yet advised for in vitro testing on the basis of their 
insufficient barrier function [Coquette et al. 2000]. 

The origin of skin samples should be specified in the respective report. The following 
information is required: 

- Species: by preference human or pig skin should be used. Although rodent skin is not 
representative for human skin [ECETOC 1993], the results of such studies will not be 
disregarded, since these models produce an overestimation of the dermal absorption (worst 
case).

- Skin location: abdomen, leg or breast (human skin); abdomen, breast, back, flanks or ears 
(pig skin). 

- Gender and age: although these factors are not believed to be important variables, they 
should be stated. 

- Fresh/frozen skin: when significant biotransformation of the test compound in the skin is 
expected, freshly excised, viable skin should be used [Diembeck et al. 1999]. 

- Details on preservation and storage conditions of the skin should be specified (e.g. skin can 
be stored in aluminium foil at -20°C or lower) [Howes et al. 1996, Bronaugh et al. 1986]. 
During transport skin samples should be kept at or below 4°C. 

Skin samples that may be used are split-thickness (200-500 μm) or full-thickness (500-1000 μm) 
skin preparations [Sanco/222/2000]. Dermatomed skin is often used. Skin thickness should be 
measured by an appropriate method, which should be described in the report. The skin samples 
should be prepared to fit the experimental cell. 

- For human skin: split-thickness skin should be the general rule. If for a specific reason, 
 full-thickness is required, this should be justified. 

- For pig skin: since it is technically more difficult to obtain intact split-thickness skin, 
 this could justify the use of full-thickness skin. 

When epidermal membranes are used for the in vitro dermal absorption study, the reason for this 
should be justified. Epidermal membranes are sometimes quite fragile and some mass balance 
techniques (e.g. tape stripping) cannot be applied to this model. It must also be mentioned that 
epidermal membranes may overestimate human in vivo skin absorption [Van de Sandt et al. 
2000].

The minimum skin area to be covered is considered to be 0.64 cm². 

33



SCCP/0970/06 
Basic criteria for the in vitro assessment of dermal absorption of cosmetic ingredients 

updated March 2006 
____________________________________________________________________________________________

8

4.4. Skin integrity 

Barrier integrity is crucial for the experiment, and must therefore be measured. This is achieved 
by either measuring the penetration of a marker molecule, e.g. tritiated water, caffeine or 
sucrose, or by physical methods, such as determination of TEWL (Transepidermal Water Loss) 
or TER (Transcutaneous Electrical Resistance). Data obtained should be reported. 

4.5. Skin temperature 

Because the rate and extent of skin absorption is temperature-dependent, the skin disc 
temperature should be maintained constant (32 ± 1°C, corresponding to the normal human skin 
surface temperature). The method of temperature maintenance should be described in the report. 

4.6. Test substance 

The relevant physical and chemical data (e.g. MW, log Pow, solubility, stability, and pKa of the 
test substance) should be given. 

The purity of the test substance should be described and should be comparable to that of the 
substance in marketed products (see 4.10). It is recognised that radio-synthesis of [14C]- or [3H]-
labelled substances may result in a somewhat different purity and/or impurity profile than that of 
substances produced by large-scale chemical production. 

As mentioned under 4.2, the solubility and stability of the test substance in the receptor fluid for 
the entire test duration should be documented. 

A separate set of criteria dealing with dermal absorption issues related to 
nanoparticles/nanotubes will, if necessary, become available as an annex to this Opinion. 

4.7. Preparation of the dose and vehicle / formulation 

The dose and vehicle / formulation should be representative for the in use condition(s) of the 
finished cosmetic product. The quantitative composition of every formulation used during the 
experiment, should be given. 

More than one concentration of the test substance, including the highest requested one, is used in 
typical formulations spanning the range of human exposure. These concentrations should be 
selected in such a way that the range of the linear curve of concentration versus dermal 
absorption is demonstrated. 

The stability of the test substance under the foreseeable conditions of application and usage must 
be ascertained. 
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4.8. Dose and volume of test substance 

The dose of the test formulation as well as its contact time (exposure) with the skin should 
resemble use conditions. The amount of the formulation to be applied is adapted to the consumer 
use values described in the Notes of Guidance [SCCNFP/0690/03], and usually is between 
2-5 mg/cm2 for solids and semi-solid preparations, and up to 10 μl/cm2 for liquids. For oxidative 
hair dye formulations, 20 mg/cm2 is applied. Deviations should be explained. The volume of 
formulation used should be appropriate to spread the sample homogeneously over the skin 
surface. This depends on the viscosity and lipophilicity of the formulation. Both mass and 
volume applied should be stated in the test report. 

4.9. Study period and sampling 

The exposure time and sampling period(s) should be defined in the protocol. The normal 
exposure time is 24 hours with regular sampling intervals. Longer duration of the study may 
result in membrane deterioration and requires careful control of membrane integrity. The 
exposure time should be consistent with the intended use of the cosmetic formulation. E.g. for 
oxidative hair dye formulations, the time of contact could vary from 15 to 45 minutes or even 
more according to the in-market use. The skin surface will also be rinsed using a procedure 
mimicking the consumer situation. Sampling of the receptor fluid is continued until e.g. 
24 hours. 

The frequency of sampling should be chosen adequately to allow the determination of the 
extent/rate of absorption and the absorption profile. Kinetic measurements have to be obtained 
for at least 6 post-application time points, including one early time point (30 minutes), in order 
to be able to estimate the absorption kinetics. For rinse-off products, measurements after rinsing 
have to be taken. The full sampling procedure must be described in the report. 

4.10. Analytical methods 

Appropriate analytical techniques, e.g. scintillation counting, HPLC or GC, should be used. 
Their validity, sensitivity and detection limits should be documented in the report. When an 
increase of sensitivity is needed, the test substance should, whenever possible, be radio-labelled. 

Qualitative or semi-quantitative methods, such as micro-autoradiography, may be useful tools 
for skin distribution assessments. 

4.11. Data collection 

The test compound must be determined in the following compartments: 

- Product excess on the skin (dislodgeable dose) 
- Stratum corneum (e.g. adhesive tape strips) 
- Living epidermis (without stratum corneum) 
- Dermis 
- Receptor fluid 

For the reason of an appropriate mass balance, it is necessary to check for substance adsorbed to 
the equipment (included in rinsing solutions and/or compartments). 
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4.12. Mass balance analysis / recovery 

The mass balance of the applied dose must be determined. 

The overall recovery of test substance (including metabolites) should be within the range of 
85-115%. Lower or higher recovery rates should be investigated and/or explained. 

4.13. Variability / validity / reproducibility 

- The variability of dermal absorption studies depends on the penetration rate of a particular 
ingredient; the lower the penetration rate, the higher the variability. This high variability is 
due to known intra-individual and inter-individual characteristics of the stratum corneum 
barrier. The relative variability of the method should be documented.   
Experience has shown that the high variation in dermal absorption may partly be explained 
by differences in skin samples. Therefore skin samples should be taken from a suitable 
anatomical site and the study should use a sufficient number of samples and replicates. 

- The technical ability of the performing laboratory and the validity of the method used 
should be assessed at regular intervals, at least twice per year, by using reference 
compounds like caffeine or benzoic acid. These data should be included in the study report 
[OECD 2004, Van de Sandt et al. 2004]. 

- The results of the dermal absorption studies should be reproducible. A minimum of six
evaluable samples (human or pig skin), from each of at least three donors, should be used 
per dose tested. The coefficient of variation should be less than 30 %. If statistical 
evaluation is not possible, the highest observed penetration value will be used in the 
systemic exposure dosage (SED) calculation. 

- For oxidative hair dyes, the relevant combination(s) of hair dye, coupler(s) and 
developer(s) should be tested.

5. RESULTS

Dermal absorption should be expressed as an absolute amount [μg/cm2 of skin surface] and as a 
percentage of the amount of test substance contained in the intended dose applied per square 
centimetre of skin surface. 

The amounts of penetrated substance(s) found in the receptor fluid are considered to be 
systemically available. The epidermis (except for the stratum corneum) and dermis are 
considered as a sink, therefore the amounts found in these tissues are considered as absorbed and 
are added to those found in the receptor fluid. The amounts that are retained by the stratum 
corneum at the time of sampling are not considered to be dermally absorbed, and thus they are 
not expected to contribute to the systemic dose. 

The absorption rate and mass balance should be calculated separately for each diffusion cell. 
Only then, the mean  S.D. and median with 10% and 90% percentiles should be calculated. 

All measurements, statistical processing and obtained kinetic curves have to be provided. 

In case the results are derived from an inadequate in vitro study, the default value of 100% 
absorption is applied. 
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1

The 6th Amendment to the Cosmetics Directive (93/35/EEC) includes a potential ban on the use of
animals in the testing of cosmetic products and their ingredients, from January 1, 1998.

With regard to the assessment of cutaneous absorption/penetration properties of substances, in vitro
methodologies are recommended for ethical reasons and feasibility. Excised and reasonably
standardised skin is easily obtainable from various species whereas human skin from individuals is
available only under favourable circumstances and in limited quantities from surgical or post-
mortem sources. 

The value of organotypic skin models for penetration studies has to be demonstrated by further
research. The viability of the skin is not a pre-requisite for penetration testing, since the process
depends on passive diffusion and not on active transport. Furthermore, biotransformation is of minor
interest and importance in the majority of cases. In the exceptional case of relevance,
biotransformation can be monitored.

1 .  B A C KG RO U N D

2 .  I N T RO D U C T I O N

Percutaneous penetration is the passage of material from the stratum corneum surface of the skin to
the systemic circulation. Percutaneous absorption is the passage of topically applied materials into
the skin.

In vitro methods used now in many laboratories, utilise transport across full- or split-thickness
animal or human skin to a receptor fluid reservoir. It is possible to estimate in vivo absorption by
extrapolating from suitable in vitro data.

This guideline for the testing of percutaneous penetration in vitro describes a general procedure for
measuring the penetration of test substances through excised mammalian skin. The barrier properties
of skin are usually maintained after excision from the body and appropriate storage in a freezer for
up to 3 months, since penetration is driven by passive diffusion and there is no evidence for active
transport (ref. 5). Therefore, skin viability is not a prerequisite for these studies. The principal
diffusion barrier has been identified as the stratum corneum, the integrity of which has to be
controlled.

Details of the procedures are presented in the form of examples, in the appendix (section 9). The
appendix contains examples of the following standard protocols, according to a ranking in terms of
relevance to mimic human conditions (ref. 6):
- human skin 
- pig skin
- rat skin
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5 .  D E S C R I P T I O N  O F  T H E
M E T H O D

5.1 Penetration cell design

The penetration cell consists of the upper donor and the lower receptor chamber, separated by a skin
membrane. The epidermis faces the donor chamber and the lower surface the receptor chamber. The
cells must be made from an inert and non-absorbing material (e.g. glass or PTFE). Temperature
control is crucial throughout the experiment and it should be maintained at in vivo skin conditions
(see paragraph 6.3). The receptor fluid must be well-mixed throughout the experiment. Sampling
should be feasible without interrupting the experiment, by appropriate cell design.

2

3. INITIAL CONSIDERATIONS

The in vitro methods described in these guidelines provide information in all cases where the stratum
corneum is the rate limiting barrier to percutaneous absorption and are, therefore, applicable to those
compounds which are sufficiently soluble in the intended receptor fluid. There is considerable
experience to allow these in vitro methods to be used for the assessment of percutaneous
absorption/penetration and for the prediction of the in vivo situation (ref. 1). The use of appropriately
prepared skin membranes (full thickness, split-thickness and isolated epidermis) may allow the
measurement of the amount of substance delivered to the systemic circulation and the amount
delivered to the epidermis or dermis (ref. 6).

The advantages of the in vitro method are that it can be used with skin from human and other species,
it does not need live animals and it is suitable for compounds extensively metabolised in the body.
The limited supply of human skin means that the routine use of this material is unlikely and hence
animal skin will normally be used. There are now many comparisons in the literature for predictions
of in vivo absorption/penetration from in vitro data to be made with some confidence for the majority
of compounds (ref. 1 to 4).

4. PRINCIPLE OF THE TEST

The test substance, either as such or dissolved in an appropriate solvent or galenic formulation,
thereby yielding the test sample, is applied to the intact surface of the skin disk separating the upper
and lower chambers of a diffusion cell, which can be run in static or flow-through mode.The test
sample remains in contact with the skin on the donor side for a defined period of time (leave-on or
rinse-off respectively, depending on the intended use conditions). The receptor fluid is sampled once
at the end of the experiment or at various time points in between. The skin and/or fluid samples are
analysed by an appropriate method (e.g. scintillation counting, HPLC, GC). The integrity of the
barrier should be checked by an appropriate method (see paragraph 5.4).
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5.2 Receptor fluid

The composition of the receptor fluid should not limit the extent of penetration of the test substance,
i.e. the theoretical total solubility should be guaranteed. The receptor fluid must not affect the
integrity or alter the permeability properties of the skin. A saline or buffered saline solution is
recommended for hydrophilic compounds. For lipophilic molecules, addition of serum albumin or
other appropriate solutors, such as non-ionic surfactants, is recommended. The appropriate receptor
fluid volume is determined by the solubility and analytical detectability of the test substance. It can
be adapted by choosing a receptor chamber of adequate volume (static) or by varying the setting of
the pump (flow-through).

5.3 Skin disks

The test should be carried out with an appropriate number (i.e. minimum six) of skin disks of similar
integrity. Split-thickness skin (epidermis and upper dermis obtained by dermatomisation or
epidermis only obtained by pre-treatment with heat, enzymes or chemicals) may be used. Full
thickness skin may be used provided that the skin compartments are analysed in detail. Details on
preparation are found in the standard protocols. In case of lipophilic compounds split-thickness skin
(≤ 1mm thick layer) or epidermal preparations are to be preferred to limit the dermal retention in
vitro. The skin should be clipped before preparing membranes. Skin thickness should be measured
by an appropriate method.

5.4 Membrane integrity

Since barrier integrity is crucial for the experiment, it should be checked by measuring the skin
penetration of a marker molecule, e.g. tritiated water, for which suitable historical control data are
available. Alternatively, the integrity can also be tested with a non-radioactive probe, e.g. caffeine,
or with physical methods like TEWL or TER (Transepidermal Water Loss or Transdermal Electrical
Resistance respectively). Details of such procedures are given in the appendix.

5.5 Test substance

Toxicological and physico-chemical data, purity, solubility, stability, octanol-water partition
coefficient and analytical methods and their detection limits should be known for the test substance.
Relevant information on the formulation in which the test substance is used should be available.

5.6 Preparation of the dose

Depending upon the purpose of the experiment, the test substance may be used as such, in solution
or in formulation, where appropriate, to allow good contact with the skin or to simulate the intended
use conditions. The stability of the test sample and substance under the proposed conditions of
administration and usage should be known.
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6 .  P RO C E D U R E

6.1 Application of test substance

The dose as well as the contact time with the skin should mimic the intended use conditions as
closely as possible or be higher to obtain relevant safety data under exaggerated use conditions (for
assessment of foreseeable misuse). The amount of the formulation to be applied should be adapted
whenever possible to the consumer use values published by Colipa (doc. 93/067). If permeability
constants are being determined then infinite dose conditions are required.

6.2 Fluid dynamics

The receptor fluid, preferably degassed (e.g. by sonication), must be thoroughly stirred at all times
or be continuously replaced in flow through chambers. The choice of static or flow-through
conditions in the receptor cell should be made on a compound-by-compound basis, depending on its
absorption properties and the goal of the study. It must be ensured that the amount of penetrant in
the receptor fluid is less than 10% of its saturation level, in order to prevent significant back
penetration and hence underestimation of absorption.

6.3 Temperature

Because the rate and extent of skin absorption is temperature dependent, the skin temperature should
be maintained constant (30-32°C ± 1°C) either by use of penetration chambers with water jackets or
temperature-controlled incubators.

6.4 Study time

The study time is determined by the subsequent reasonable characterisation of the absorption
profiles and the intended use conditions. The exposure time and sampling period should be defined
in the protocol. A normal study time of 24 hours is recommended. 

6.5 Sampling

The frequency of sampling will depend on the rate and extent of dermal penetration, but should be
sufficient to allow the extent or rate of penetration and/or the profile to be determined. 

Where appropriate, the surplus of non-penetrated test substance should be determined in skin
samples, rinsings and cell washings. The overall recovery of test substance should be at least 85%.
If low recoveries of the test substance are obtained with all cells, a search should be conducted to
determine the cause(s) which may include binding to proteins, to penetration cell surface and
tubings, as well as possible evaporation or loss by chemical reaction.
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6.6 Analysis

The receptor fluid must be analysed and, if possible, an analysis should be made of the amounts
found in individual skin layers and on the skin surface. Suitable analytical procedures must be used,
e.g. scintillation counting, HPLC or GC.

7 .  D ATA  R E P O RT I N G

7.1 Data

The absorption profile normally is determined up to 24 hours post application with usually six cells
of similar barrier integrity. When adequate data are available, the lag time and the absorption rates
may be calculated. Permeability constants can only be calculated from infinite dose experiments.

7.2 Test report

The test report should include the following information:

• Test substance:
- chemical structure, physico-chemical properties and purity;
- identification data.

• Vehicle (if appropriate):
- type of formulation;
- justification for choice of formulation.

• Test conditions:
- source and site of skin sample, method of preparation, integrity;
- details of test sample preparation, final concentration, stability and homogeneity of the
preparation, especially when blended with radiolabelled test substance;
- details of the administration of the test substance (exposure time and conditions, e.g. occlusion
or not, rinse-off, leave-on);
- justification for choice of skin source and skin preparation;
- analytical method, sample clean-up, recovery and detection;
- overall recovery of material, if possible.

• Reporting of results:
- tabulation of individual results at each time point;
- lag times, absorption rates, absorption profiles, if appropriate.
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Data can be presented in various ways. Depending on the experimental set-up, percent dose,
micrograms, micromoles or a penetration constant can be displayed. The presentation of
cumulated percent dose or micrograms/cm

2
in tables and graphs is recommended. Graphs are

prepared with appropriate computer programs which may be equipped with functions for
statistical treatment of data.

• Statistical methods

• Discussion of results and conclusions:
It should be remembered that percentage absorbed values are dependent on specific exposure
and formulation conditions. In some cases, a permeability constant may provide useful
interpretation of the results.

7.3 Implications for safety evaluation

Percutaneous absorption/penetration is a key parameter for the safety evaluation of cosmetic
ingredients, as well as of the finished products containing them. Determination of
absorption/penetration allows the interpretation of systemic toxicity data in terms of exposure via
topical application. Furthermore, the utilisation of the procedures described in this guideline will
provide a suitable substitute for in vivo experiments to measure percutaneous absorption/penetration.
Depending on the outcome of such studies, with the context of the overall safety evaluation, further
animal toxicity studies would be minimised. The results of such studies may also provide guidance
on the optimisation of the design of further required tests.
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I .  I N T RO D U C T I O N

This standard protocol describes in vitro percutaneous absorption/penetration studies of cosmetic
ingredients through human skin. Such studies are performed to measure the amount of test
compound penetrating through the skin barrier for safety evaluation. Recommendations published by
an AAPS-FDA panel on percutaneous absorption studies of drugs have been taken into account for
this protocol (ref. 1).

The in vitro percutaneous absorption/penetration of the test compound is assessed using samples of
isolated human skin placed in static or dynamic diffusion cells (ref. 2,3,4).

All the mentioned SOP (Standard Operating Procedure) have been specifically written up for the
respective laboratory.

I I . M AT E R I A L S

• Dynamic mode: flow-through diffusion cell (ref. 3)
• Static mode: static Franz diffusion cell (ref. 2) 

Usual laboratory equipment as indicated in a specific SOP.

I I I .  M E T H O D S

III.1.  Preparation of the formulation

III.1.1. UNLABELLED TEST COMPOUNDS

The specifications of each test compound must be defined prior to the formulation: a recent analysis
of the respective batch by the analytical department must be included in the final study report.

The qualitative controls of the formulation are performed by the formulator.

The quantitative controls are performed according to the SOP “Control of an unlabelled
formulation”. This control is based on HPLC or another suitable method in order to ascertain the
concentration of the test compound in the formulation.

III.1.2. RADIOLABELLED TEST COMPOUNDS

The degree of radiolabelling is specific for each formulation: the radiolabelled test compound is
diluted according to its initial specific activity.
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The supplier of the radiolabelled compound must provide a complete analysis bulletin including the
radiochemical purity and date of the analysis; radiochemical purity must be reassessed before
beginning the formulation and in the final formulation by the technical investigator; analytical
bulletins should be included in the final study report.

Since only small quantities of radiolabelled formulations can be prepared each time, unlabelled pilot
formulation assays on the respective scale should be performed and analytical results should be
provided by the study promotor/department requesting the study. The latter ascertains the feasability
of the formulation and its stability. The formulation should remain stable for the duration of the
study.

The qualitative controls of the formulation are performed by the formulator.

The quantitative controls are performed according to a specific SOP. This control is based on HPLC
or another method suited to ascertaining the concentration of the test compound (radiolabelled and
unlabelled) in the formulation.

Specific radioactivity of the formulation is determined by scintillation counting using an external
standard; the quench curves are established according to a specific SOP.

III.2.  Preparation of the samples of human skin

III.2.1. ORIGIN AND STORAGE OF BIOLOGICAL SAMPLES

Human skin used for these experiments is obtained from surgery. The skin samples can be obtained
from a variety of anatomical sites including the breast (mastectomy and reduction mammoplasty)
and abdomen (cosmetic reductive surgery). Skin must be collected as soon as possible after surgery.
All skin samples are checked visually to ensure they are healthy and unaltered by clinical removal
conditions. For transportation from the hospital/clinic to the laboratory, the skin should be kept in an
isotherm container at 4°C. In the laboratory, each skin sample should be identified (identification
number, type, age, gender, date of operation) and have the subcutaneous fat removed. The whole
process of transporting and preparing the skin samples must be achieved as quickly as possible.

The skin samples are put into plastic bags, sealed and stored at - 20°C until use. Skin samples can
be kept in a freezer for up to 3 months. For in vitro percutaneous absorption/penetration experiments,
it has been shown that human skin permeability is unaffected by freezing (ref. 5, 6). These different
stages should be performed according to a specific SOP “including security measures for handling
of biological materials”.

III.2.2. PREPARATION OF SKIN DISCS

An in vitro study using isolated skin should simulate as closely as possible the in vivo conditions.
In vivo, a compound must diffuse up to the upper papillary dermis before being taken up by blood
vessels and then entering the systemic circulation. Thus, depending on the solubility of the test
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compound, to limit the effect of the dermal retention in vitro, especially with hydrophobic
compounds, split-thickness skin (dermatomed skin or isolated epidermis) should be used (ref. 7).

Each skin sample is thawed at room temperature and prepared the day of the experiment according
to a specific SOP:

• Dermatomed skin:

An electric dermatome (Davies simplex, THACKRAY SURGERY) is used to cut horizontal slices
of skin. The thickness of the cut is controlled by a lever on the side of the dermatome head with the
indicated calibrations. Full-thickness skin is fixed on a dissection board, epidermal side up, and
sections are cut at 300 to 500 μm. The thickness of the membrane obtained is the result of the
pressure applied and the angle of the dermatome as it is pushed across the skin. During this
procedure, a constant angle of inclination of the oscillating blade relative to the skin must be
maintained. The dermatomed layer thus obtained includes the epidermis and some dermal tissue.

• Isolated epidermis:

Epidermal membranes are prepared from full-thickness skin by a heat separation method (ref. 8).
Water is heated in a beaker to 58-60°C. Full-thickness skin is suspended in the water with forceps
for 60 seconds. Then the epidermis is gently peeled off from the dermis using forceps. The remaining
epidermal membrane is cut to fit the diffusion cell area. Each epidermal membrane should be
checked for integrity with the aid of a stereomicroscope.

III.2.3. CONTROL OF SKIN DISC THICKNESS

Skin thickness should be measured with a Digitaler Meßtaster (MT12, HEIDENHAIN) and a
bidirectional counter (VRZ 401, HEIDENHAIN) or with equivalent equipment. The measurements
should be performed according to the directions for use. Ten measurements per skin disc should be
made. This process should be performed according to a specific SOP.

III.2.4. SPECIFIC RECOMMENDATIONS FOR THE USE OF HUMAN SKIN

As there is wide variability in human skin permeability (ref. 9), not less than 3 skin donors should
be used to take account of interindividual variability besides the intraindividual variability; a proper
statistical design should be used.

Age and anatomic site influence percutaneous absorption (ref. 9,10). Thus, skin samples from the
same anatomical region and in the same age range (20-60 years) should be used to limit these
variations.

To preserve the integrity of human skin membranes mounted in diffusion cells, the study time should
never exceed 24 hours.
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III.3.  Preparation of the diffusion cells

The number of diffusion cells per experiment and the number of runs per study, must be specified in
the protocol. The study should involve a minimum of six samples of similar integrity. This process
should be performed according to a specific SOP.

III.3.1.STATIC MODE OR DYNAMIC MODE

The choice of static mode or dynamic mode depends on the absorption/penetration properties of the
test compound and depends on the aim of the study.

The skin samples are placed as a barrier between the two halves of the diffusion cell, the stratum
corneum facing the donor chamber; the donor side of the cell is open to the air (non occlusive
conditions). The skin sample is kept at (32 +/- 1)°C by circulation of temperature controlled receptor
fluid through the cell (dynamic diffusion cell) or by emersing the cell (static diffusion cell) in a
temperature-controlled water bath.

The receptor chamber is filled with receptor fluid, capped and allowed to attain the correct
temperature 1 hour before the beginning of the experiment. In dynamic mode, care is taken to ensure
that no air bubbles form on the underside of the skin throughout the experiment.

III.3.2. RECEPTOR FLUID

To maintain the integrity of the skin samples and to collect the test compound, the receptor fluid is
saline or buffered saline solution; a non-ionic surfactant can be added to solubilise the test compound
especially for lipophilic compounds (ref. 11).

Before the experiments, it should be checked that the test compound is stable in the receptor fluid
(in experimental conditions) for a period corresponding to the duration of the experiment.

III.4.  Test of skin integrity

Each sample of human skin must be checked for integrity before the application of the test
compound. This test must not affect the quality of the skin samples and must not influence the
penetration of the test compound.

The integrity of the skin samples is checked with the the aid of a stereomicroscope and/or by
measuring TEWL (Trans Epidermal Water Loss) (ref. 12). The procedure is performed according to
a specific SOP.
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III.5.  Application of formulations

The quantities to be applied are expressed as follows:

• amount of formulation applied (mg/cm2);
• amount of test compound applied (μg/cm2);
• in case of radiolabelled compounds: amount of radioactivity applied (Bq/cm2).

A finite dose of the test compound is applied to the skin surface (ref. 13) i.e. about 2 mg/cm2 of a
semisolid formulation (cream, ointment, gel, etc.) and about 5 μl/cm2 of liquid preparations
(solutions, emulsions, etc.). If semisolid formulations are compared to liquid formulations, identical
amounts of 5 mg/cm2 .. When investigating rinse-off preparations (e.g. hair dyes), an infinite dose
(> 10 mg/cm2) of the test compound is applied to the skin surface to mimic the use conditions. The
rinsing procedure must be specified in the protocol.

The application is performed according to a specific SOP.

III.6.  Start of the experimental setup and collection of fractions

The experiments are started immediately after the application of the formulation, according to a
specific SOP.

In the static mode, aliquots of the receptor fluid are taken either throughout the experiment or at the
end of the experiment. In the dynamic mode, the receptor fluid is pumped from a reservoir into and
through the cell by a peristaltic pump. After exiting the cell, the receptor fluid is collected in an
automatic fraction collector.

III.7.  Study time

The study time is chosen according to the nature and intended use of the test compound. Rinse-off
preparations are left on the skin for a restricted time (e.g. 30 minutes in the case of hair dyes). Then
the skin and the upper part of the diffusion cell are rinsed and the experiment is continued for a
maximum of 24 hours. Leave-on preparations are left in place for the entire study time (maximum
24 hours).

The diffusion cells are then taken apart according to a specific SOP.

III.8.  Analysis

In all cases, the receptor fluid samples are analysed. In case of dermatomed skin, the epidermis is
separated from the dermis and the remaining dermis sample is analysed.
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III.8.1. UNLABELLED TEST COMPOUNDS

If relevant and if a suitable analytical method exists (in terms of detection limit, sensitivity, etc) an
analysis will be made of the amounts of the test compound on the skin surface, in rinsings, cell
washings and skin layers. The preparation of samples, extraction steps and analysis by HPLC or
another suitable method depend on the test compound and should be described in the appendix of
the study report.

This procedure should be performed according to a specific SOP.

III.8.2.RADIOLABELLED TEST COMPOUNDS

An analysis of the test compound on the skin surface, in rinsings, cell washings and skin layers
should be made. This procedure should be performed according to a specific SOP. The analyses are
carried out by means of scintillation counting according to a specific SOP. Scintillation counting is
performed using an external standard; the quench curves are established according to a specific SOP.

III.9.  Presentation of the results

The results are expressed in μg/cm2 and % of the applied dose in the form of tables and graphs.

III.10.  Interpretation of the results for safety evaluations

Classical in vitro percutaneous absorption studies only consider as penetrated the amount of
compound entering into the receptor fluid. This interpretation is only correct when the skin samples
are completely devoid of dermal tissue, i.e. when the epidermis has been removed from the dermis
by heat (in vivo the dermis is vascularised, i.e. is part of the central compartment).

The dermatome-based separation technique leaves some upper dermal tissue underneath the
epidermis. Hence, the epidermal and the dermal compartments have to be considered separately. The
amount of  test compound found after the study time in the receptor fluid, plus that found in the
dermis, must be considered to have crossed the skin barrier i.e. as penetrated.

III.11.  Study report

The study report has to be finalized according to a specific SOP.

III.12.  Archives

The protocol, raw data and study report are kept on file by the study director's office for at least 5
years.
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