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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-govermmental, in liaison with 1SO, also take part in the work. ISO collaborates closely with
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This third
revised.

ISO 10993
Part 1
Part 2
Part 3
Part 4
Part 5
Part 6
Part 7

Part 9

bl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
bl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.
fask of technical committees is to prepare International Standards. Draft International Standa

y the technical committees are circulated to the member bodies for voting-/)Publication as
bl Standard requires approval by at least 75 % of the member bodies casting.a-vote.

shall not be held responsible for identifying any or all such patent rights.
10 was prepared by Technical Committee ISO/TC 194, Biological evaluation of medical devices

pdition cancels and replaces the second edition (ISO 10993-10:2002), which has been technic

consists of the following parts, under the general titte Biological evaluation of medical devices:
Evaluation and testing within a risk management process

Animal welfare requirements

Tests for genotoxicity, carcinogenieity and reproductive toxicity

Selection of tests for interactjons with blood

Tests for in vitro cytotoxicity

Tests for local effects after implantation

Ethylene oxide sterilization residuals

Framework for identification and quantification of potential degradation products

the

rds
an

drawn to the possibility that some of the elements of this document.fnay be the subject of patent

ally

Part 1

Part 1

. Jests for irritation and skin sensitization

1: Tests for systemic toxicity

Part 12: Sample preparation and reference materials
Part 13: Identification and quantification of degradation products from polymeric medical devices
Part 14: Identification and quantification of degradation products from ceramics

Part 15: Identification and quantification of degradation products from metals and alloys
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— Part 16: Toxicokinetic study design for degradation products and leachables
— Part 17: Establishment of allowable limits for leachable substances
— Part 18: Chemical characterization of materials

— Part 19: Physico-chemical, morphological and topographical characterization of materials [Technical
Specification]

— Part 20: Principles and methods for immunotoxicology testing of medical devices [Technical Specification]
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Introduction

This part of ISO 10993 assesses possible contact hazards from chemicals released from medical devices,

which may produce skin and mucosal irritation, eye irritation or skin sensitization.

Some materials that are included in medical devices have been tested, and their skin or mucosal irritation or

sensitizatign potential has been documented. Other materials and their chemical components have not bien

tested and|may induce adverse effects when in contact with human tissue. The manufacturer is thus obfi
to evaluatg each device for potential adverse effects prior to marketing.

Traditionally, small animal tests are performed prior to testing on humans to help predict human respon
More receftly, in vitro tests as well as human tests have been added as adjuncts or alternatives. Des
progress and considerable effort in this direction, a review of findings suggests that curtently no satisfact
in vitro tegt has been devised to eliminate the requirement for in vivo testing. Where appropriate,

preliminary use of in vitro methods is encouraged for screening purposes prior to @nimal testing. In orde

ed

se.
hite
ory
the
r to

reduce thel number of animals used, this part of ISO 10993 presents a step-wise~approach, with review and

analysis of|test results at each stage. An animal test is usually required prior to‘human testing.

It is intended that these studies be conducted using Good Laboratory Practice and comply with regulati
related to|animal welfare. Statistical analysis of data is recommended and should be used wheng
appropriate.

This part of ISO 10993 is intended for use by professionals, apptoépriately qualified by training and experien
who are alle to interpret its requirements and judge the outcomes of the evaluation for each medical dev
taking into|consideration all the factors relevant to the deviee, its intended use and the current knowledgé
the medicql device provided by review of the scientific literature and previous clinical experience.

NS
ver

ce,
ce,
. of

The tests ipcluded in this part of ISO 10993 are important tools for the development of safe products, proviged

that these pre executed and interpreted by trained’personnel.

This part jof 1SO 10993 is based on numerous standards and guidelines, including OECD Guidelin
U.S. Pharmacopoeia and the European;Pharmacopoeia. It is intended to be the basic document for
selection and conduct of tests enabling-evaluation of irritation and dermal sensitization responses relevan
safety of medical materials and devices.

es,
the
[ to
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Biological evaluation of medical devices —

Part 10:
Tests for irritation and skin sensitization

1

Thi

Scope

s part of ISO 10993 describes the procedure for the assessment of medical devices and their

matterials with regard to their potential to produce irritation and skin sensitization:

Thi

Ins
An

2

Thq
ref
doq

1Sq
ma

IS
1S(

s part of ISO 10993 includes:

pretest considerations for irritation, including in silico and in vitro methods for dermal exposure;
details of in vivo (irritation and sensitization) test procedures;

key factors for the interpretation of the results.

fructions are given in Annex A for the preparation of-materials specifically in relation to the abo
nex B several special irritation tests are described for-application of medical devices in areas othe

Normative references

following referenced documentssare indispensable for the application of this document.
rences, only the edition cited applies. For undated references, the latest edition of the
ument (including any amendments) applies.

O

10993-1:2009, Biological \evaluation of medical devices — Part 1: Evaluation and testing w|
nagement process

D 10993-2, Biological-evaluation of medical devices — Part 2: Animal welfare requirements

10993-9, Biological evaluation of medical devices— Part9: Framework for identifid

quantification-of potential degradation products

1S(

10993212, Biological evaluation of medical devices — Part 12: Sample preparation and referenc

IS

constituent

Ve tests. In
[ than skin.

For dated
referenced

fithin a risk

ation and

e materials

D 10993-13, Biological evaluation of medical devices — Part 13: Identification and quant|

fication of

degradation products from polymeric medical devices

ISO 10993-14 Biological evaluation of medical devices — Part 14: Identification and quantification of
degradation products from ceramics

ISO 10993-15, Biological evaluation of medical devices — Part 15: Identification and quantification of
degradation products from metals and alloys

ISO 10993-18, Biological evaluation of medical devices — Part 18: Chemical characterization of materials

ISO 14155-1, Clinical investigation of medical devices for human subjects — Part 1: General requirements

ISO 14155-2, Clinical investigation of medical devices for human subjects — Part 2: Clinical investigation plans
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 10993-1 and the following apply.

3.1

allergen

sensitizer

substance or material that is capable of inducing a specific hypersensitivity reaction upon repeated contact
with that substance or material

3.2

blank
extraction pehicle not containing the test material, retained in a vessel identical to that which holds the fest
material ar|d subjected to identical conditions to which the test material is subjected during its extraction

NOTE The purpose of the blank control is to evaluate possible confounding effects due to thewextraction vessel,
vehicle and [extraction process.

3.3

challenge
elicitation
process following the induction phase, in which the immunological effects of\subsequent exposures in|an
individual tp the inducing material are examined

3.4
dose
dosage
amount of fest sample administered (e.g. mass, volume) expressed per unit of body weight or surface area

NOTE The terms are often used interchangeably (more commonly dosage).

3.5
erythema
reddening pf the skin or mucous membrane

3.6
eschar
scab or digcoloured slough of skin

3.7

extract
liquid or duspension thaf\ results from exposing a test or control material to a solvent under contro|led
conditions

3.8

induction
process thatdeads to the de novo generation of an enhanced state of immunological activity in an individual, to
a specific materiat

3.9
irritant
agent that produces irritation

3.10
irritation
localized non-specific inflammatory response to single, repeated or continuous application of a substance/material

NOTE Skin irritation is a reversible reaction and is mainly characterized by local erythema (redness) of the skin.

2 © 1SO 2010 — All rights reserved
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3.1
necrosis
cell death as a direct result of irreversible changes caused by injury or disease

NOTE One should be aware that tissue repair will occur either resulting in complete functional restoration or resulting
in scar formation.

312

negative control
any well-characterized material or substance that, when tested by a specific procedure, demonstrates the
suitability of the procedure to vield a reproducible, appropriately negative, non-reactive or minimal response in
the|test system

NO[TE In practice, negative controls include blanks, vehicles/solvents and reference materials.

3.1
oefdlema
swelling due to abnormal infiltration of fluid into the tissues

3.1
positive control
any well-characterized material or substance that, when evaluated byxa ‘specific test method, denonstrates
the| suitability of the test system to yield a reproducible, appropriately positive or reactive response in the test

corrosion
uction of irreversible damage to the skin, manifested’ as visible necrosis through the epidermis and into

sensitization
allgrgic contact dermatitis
immunologically mediated cutanequs.reaction to a substance

NOITE In the human, the responses can be characterized by pruritis, erythema, oedema, papules, vesicles, bullae or
a cpmbination of these. In other'species the reactions can differ and only erythema and oedema can be seen.

3.7
test material
matterial, device{device portion or component thereof that is sampled for biological or chemical testing

31

test sample
material, ‘device, device portion, component, extract or portion thereof that is subjected to biplogical or
chgmieal testing or evaluation

3.19
ulceration
open sore representing loss of superficial tissue

3.20

vehicle
liquid used to moisten, dilute, suspend, extract or dissolve the test substance/material

© 1SO 2010 — All rights reserved 3
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4 General principles — Step-wise approach

The available methods for testing irritation and sensitization were developed specifically to detect skin and
mucous membrane irritation and skin sensitization potential. Other types of adverse effect are generally not
predicted by these tests. For medical devices that are used as implants or external communicating devices,
intradermal testing is more relevant in approaching the application and so for detection of irritation activity,
intracutaneous testing shall be used as described in 6.4.

This part of ISO 10993 requires a step-wise approach, which shall include one or more of the following:

ISO 10993-13,

= Aple

a) charagterization—e e rateria ivoelving—ehem ies € e
ISO 1099314,

according to the general principles described in 1SO 10993-9,
ISO 10993-15 and I1ISO 10993-18;

b) literatyre review, including an evaluation of chemical and physical properties, and information on [the
irritation and sensitization potential of any product constituent as well as structurally-related chemigals
and mgterials;

c) in acdordance with 1SO 10993-2, in vitro tests in preference to in vivo tests shall be considered, and
replacement of the latter as new in vitro tests are scientifically validated and_become reasonably and
practigably available. For the evaluation of skin irritation and corrosion, in vifre alternatives are availgble
for chemicals; there are currently no internationally validated and accepted in vitro tests to defect
sensitjzers;

d) in vivganimal tests: in order to ensure reproducibility and sensitivity, a test of a positive-control substance
for irrifation and skin sensitization shall be included in each@ssay by the testing laboratory in order to
validate the test system and demonstrate a positive response; for guinea pig sensitization assgys,
howeVer, when consistency has been demonstrated over.a six month or more extended period, a posifive
control does not need to be included in every assay, but may be run at regular intervals which shall jhot
exceefl six months.

NOTE 1 Sensitization can at the moment only be detérmined by an in vivo assay. This can be accomplished by uging
the local lyhph node assay (LLNA) in mice, the occluded patch test in guinea pigs or the guinea pig maximization fest
(GPMT). For single chemicals the LLNA is now.the preferred assay for determining the sensitizing potential.
See Referemces [69] [88] [90].

NOTE 2 n vivo animal tests are appropriate when test materials cannot be characterized and risk assessments cannot
be undertakgen using information obtained by'the means set out in a), b) and c).

NOTE 3  [For sensitization assays-in guinea pigs, ten animals are normally used for positive control once every| six
months. Feywer guinea pigs can-be-Used when an assay with a positive control substance is performed more frequently
than once eyery six months. AtJeast five test animals with a positive substance and five control animals should be useq.

e) Non-invasive human tests/clinical trials; if the material has been demonstrated not to be an irritant, a
sensitjzer or toxic/in animals, studies on skin irritation may then be considered in humans.

Clinical stydiesnin accordance with ISO 14155-1, ISO 14155-2 and to ethics principles shall not be performed
before the pesults of the other evaluations in a) to d) are known. r1|1

5 Pretest considerations

5.1 General

It is important to emphasise that pretest considerations may result in the conclusion that testing for irritation
and/or sensitization is not necessary.

The requirements given in Clause 5 of ISO 10993-1:2009 and the following apply.

4 © 1SO 2010 — All rights reserved
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Non-sterile samples shall be investigated by topical investigation only, as the possibility of microbial
contamination of the test sample could confound the final assay interpretation. In cases where the sterility of a
test sample cannot be guaranteed, but the sample is still considered to be non-contaminated, intradermal
administration may be justified.

5.2 Types of material

5.2.1 Initial considerations

It shall be taken into consideration that, during manufacture and assembly of medical devices, additional
chegmical components may be used as processing aids, e.g. lubricants or mould-release agents. In|addition to
the] chemical components of the starting material and manufacturing process aids, adhesive/solvent residues
from assembly and also sterilant residues or reaction products resulting from the sterilization‘\procgss may be
prgsent in a finished product. Whether these components pose a health hazard/risk depends on the leakage
or {legradation characteristics of the finished products. These components shall be takeninto accodint for their
potential irritation/sensitization activity.

5.212 Ceramics, metals and alloys

These materials are normally less complex than polymers and biologically) derived materials in tgrms of the
number of chemical constituents.

5.23 Polymers

The¢se materials are normally chemically more complex than'those in 5.2.2 in terms of composition| A number
of fleaction products/impurities/additives may be present and the completeness of polymerization may vary.

5.214 Biologically derived materials

Th¢se materials are inherently complex in their composition. They often also contain proces$ residues,
e.g| cross-linkers and anti-microbial agents. Biological materials can be inconsistent from sample to|sample.

Th¢ methods in this part of ISO 10998 have not been designed for testing of biologically derived materials and

can therefore be less adequate. For example, the tests in this part of ISO 10993 do not consjder cross-
species sensitization.

5.3 Information on chemical composition

5.311 General

Full qualitative~data on the chemical constituents of the material shall be established. Where felevant to
biojogical safety, quantitative data shall also be obtained. If quantitative data are not obtained, the rationale
shall be documented and justified.

5.3127 Existing data sources

Qualitative and quantitative information on the composition shall be obtained where possible from the supplier
of the starting material.

For polymers this often requires access to proprietary information; provision should be made for the transfer
and use of such confidential information.

Qualitative information about any additional processing additives (for example, mould-release agents) shall

also be obtained from appropriate members of the manufacturing chain, including converters and component
manufacturers.

© 1SO 2010 — All rights reserved 5
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In the absence of any data on composition, a literature study to establish the likely nature of the starting
material and any additives is recommended, so as to assist in the selection of the most appropriate methods
of analysis for the material concerned.

The chemical composition of finalized products shall be determined in accordance with ISO 10993-18.

NOTE
of Testing Materials (ASTM) standards and/or can be specified by the user. However, in order to obtain full qualitative and
quantitative details on composition, it can be necessary to request these from the supplier or manufacturer of the starting
material and also from component manufacturers to ensure that processing aids are also identified. Material master files
held by regulatory authorities are another source of data, where they are accessible.

6

6.1

In vitro me
have beer
chemicals
develop ar
have been
endpoints

NOTE
human skin
models for 4

The in vitrdg
extracts. |
validation f

6.2

tests
Irritation te

Factors afff

a)
b)
c)
d)
e)
f)

)]

The composition of ceramics, metals and alloys can be specified in accordance with ISO or American Society

Irrita

Inv

Inv

fion tests

tro irritation tests

hods, the rat skin Transcutaneous Electrical Resistance (TER) test and the Human skin model t

internationally validated and accepted as alternative tests to assess the skin corrosivity]
OECD Guidelines 43019 and 431[10]). National and international organizations continue working
d validate in vitro tests for skin irritancy in parallel with the search for alternative methods; oth
developing methods to quantify the responses of animals and humans in order to better def
Ising non-invasive techniques (see F.1).

In 2007 the ECVAM Scientific Advisory Committee (ESAC) evaluated the validation process of an in
model for the determination of skin irritation of chemicals. See Reference [101]. The use of in vitro human
ssessing the potential of chemicals to induce skin irritation is,described in Annex D.

test for skin irritation has so far been validated only for neat chemicals and not for medical dey

n order to apply these assays for the testing,of irritation potential of medical devices, furt
pr this specific area is essential.

vo irritation tests — Factors to. be considered in design and selection of in vivo

s5ting of medical devices can be performed with the finished product and/or extracts thereof.

ecting the results of irritation studies include the following:

the nafture of the device uised in a patch test;

the do

se of the test(material;

the m

the d

thod of ‘application of the test material;

reeof occlusion;

bst,
of
y to
ers
ine

itro
Bkin

ice
her

the ap

the du

plication site;

ration and number of exposures;

the techniques used in evaluating the test.

Additional background information is provided in Annex F.

Whilst flexibility with respect to the precise protocol followed allows the investigator to enhance the sensitivity
of the test to suit conditions of use and population exposure, consistency in procedure contributes to
comparability of test results with different materials and from different laboratories.
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Provisions have been included in the test procedures for evaluation of devices and materials that will have
repeated and/or prolonged exposure. The study shall be designed to exaggerate the anticipated contact (time
and/or concentration) in the clinical situation. This shall be borne in mind during interpretation of the result.

If the pH of the test sample is < 2,0 or > 11,5, the material shall be considered an irritant and no further
testing is required. However, experimental evidence suggests that acidity and alkalinity of the test material are
not the only factors to be considered in relation to the capacity of a material to produce severe injury. The
concentration of the test material, its period of contact, and many other physical and chemical properties are
also important.

6.3

An
ani

Thq

6.3

If the test material is a solid or a liquid, it shall be prepared as specified in Annex A.

The¢ sensitivity of the assay shall be demonstrated.\This can be done by including a positive co

asy
lab

NO|

6.3

Th
be
def
mir
ani

Thq

erials which are either an irritant or have a pH outside the range mentioned above. These cas
ified and documented.

Animal irritation test

1 Principle

assessment is made of the potential of the material under test to produce dermal irritation in
mal model.

b rabbit is the preferred test animal.

2 Test material

ay. However, the use of a positive control ¢o*confirm sensitivity is only warranted when
bratory has not within the previous six months\produced positive results using the test method.

TE A suitable positive control is sodium-lauryl sulphate (SLS).

3 Animals and husbandry

ee healthy young adult albing*rabbits of either sex from a single strain, weighing not less than
used. If irritation is anticipated, consideration shall be given to testing in one animal first. Unl
ned positive responsé [score greater than 2 for either erythema or oedema (see Table 1)] is g
imum of two additiofial animals shall be used. If the response in the test using the minimu
Mmals is equivocal-further testing shall be considered.

e animals shallbe acclimatized and cared for as specified in ISO 10993-2.

sary to test

es shall be

a relevant

htrol in the
the testing

2 kg, shall
bss a well-
bserved, a
m of three
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Table 1 — Scoring system for skin reaction

Reaction Irritation score

Erythema and eschar formation

No erythema 0

Very slight erythema (barely perceptible) 1

Well-defined erythema 2

Moderate erythema 3

Severg erythema (beet-redness) to eschar formation preventing grading of erythema 4
Oedema fgrmation

No oedema 0

Very slight oedema (barely perceptible) 1

Well-d¢fined oedema (edges of area well-defined by definite raising)

Moderate oedema (raised approximately 1 mm)

Seversg

oedema (raised more than 1 mm and extending beyond exposure area)

Maximal p:

o~ |lw]|N

bssible score for irritation

Other adve

rse changes at the skin sites shall be recorded and reported.

6.3.4 Test procedure

6.3.4.1

The condit
within 24 h
application|
observatio
the proces
6.3.4.2.1, @

6.3.4.2

6.3.4.2.1

Preparation of animals

on of the skin is a critical factor. Use onlyanimals with healthy intact skin. Fur is generally clip
to 4 h of testing on the backs of the animials, a sufficient distance on both sides of the spine
and observation of all test sites (approximately 10 cm x 15 cm). Fur may be re-clipped to facilif
N and/or to accommodate repeated exposures. Depilatories may be used by trained technician
5 has been validated at the testing facility. If repeated exposure is required, follow the procedure
.3.4.2.2 or 6.3.4.2.3, repeated-for a maximum of 21 d.

Application of test sample

Application 6fpowder or liquid sample

bed
for
ate
5, if
5 in

Apply 0,5 ¢ or 0,5 ml of<the test material directly to each test skin site as shown in Figure 1. For solid @nd

hydrophob
moistened

¢ materials, there is no need for moistening. If the material is a powder, it should be slig
with water or other suitable vehicle before application (see Annex A).

ntly

Cover the

bpplication sites with a 2,5 cm x 2,5 cm non-occlusive dressing (such as an absorbent gauze pat

ich)

and then

rap theapplicatiom sitewitha bamdage {semi-occtusive-orocctusive)foramimimummof 4 At

the

end of the contact time, remove the dressings and mark the positions of the sites with permanent ink. Remove
residual test material by appropriate means, such as washing with lukewarm water or other suitable non-
irritating solvent, and careful drying.
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6.3

Ap

Sinpilarly, apply the control samples to each rabbit. When testing solids (which may be pulverized if

neg
sol
sol

3)

y
cranial end
test site
control site
clipped dorsal region
caudal end

Figure 1 — Location of skin.application sites
4.2.2 Application of extracts and extract vehicle

bly the appropriate extract(s) to the 2,5 cm x 2,6 cm absorbent gauze patches. Use a volums
ficient to saturate the gauze, generally 0,5 ml per patch. Apply one patch on each side of the
wn in Figure 1. Apply a control patch of gauze moistened with the extract vehicle as shown in Fi

ver the application sites with a bapdage (semi-occlusive or occlusive) for a minimum of 4 h. At
contact time, remove the dressings and mark the positions of the sites with permanent in
dual test material by appropriate means, such as washing with lukewarm water or other su

4.2.3 Application of’solid sample

ply the samples~ef-the test material directly to the skin on each side of each rabbit as shown i
essary), thertest material shall be moistened sufficiently with water or, where necessary, an

bent, to ‘ensure good contact with the skin (see Annex A). When solvents are used, the influg
vent andirritation of skin caused by the test material shall be taken into account.

of extract
animal as
gure 1.

the end of
. Remove
table non-

nh Figure 1.
considered
alternative
nce of the

Co

yerthe application sites with 2,5 cm x 2,5 cm _non-occlusive dressings (such as a gauze patch

) and then

wrap the application sites with a bandage (semi-occlusive or occlusive) for a minimum of 4 h. At the end of the
contact time, remove the dressings and mark the positions of the sites with permanent ink. Remove residual
test material by appropriate means, such as washing with lukewarm water or other suitable non-irritating
solvent and careful drying.
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6.3.5 Observation of animals

6.3.5.1  General

Use of natural or full-spectrum lighting is highly recommended to visualize the skin reactions. Describe and
score the skin reactions for erythema and oedema according to the scoring system given in Table 1, for each
application site at each time interval, and record the results for the test report.

NOTE Histological or non-invasive techniques of evaluating the skin reaction(s) can assist in certain cases.

6.3.5.2 Single-expostre-test

For singleqexposure tests, record the appearance of each application site at (1+0,1)h, (24 £2)h, (48=*2) h
and (72 +£2) h following removal of the patches. Extended observation can be necessary if' there jre
persistent |esions, in order to evaluate the reversibility or irreversibility of the lesions over a perniod)of time jnot
exceeding |14 d.

6.3.5.3 Repeated-exposure test

Repeated gxposure shall only be carried out after completion of an acute singlerexposure test [after at |gast
(72 £ 2) h ¢f observation].

For repeated-exposure tests, record the appearances of the application site’at (1 = 0,1) h after removal of jthe
patches arld immediately prior to the next application. The number of expesures can vary.

After the Igst exposure, note the appearance of each application siterat (1 +0,1) h, (24 +2) h, (48 £2) h and
(72 £ 2) h following removal of the patches. Extended observation' can be necessary if there are persisient
lesions, in [order to evaluate the reversibility or irreversibility of the lesions. This need not exceed a period of
14 d.

6.3.6 Evaluation of results
For single gxposure tests, determine the primary irfitation index (PIl) as follows.

Use only (24 + 2) h, (48 £ 2) h and (72 + 2) h observations for calculations. Observations made prior to doging
or after 72 |h to monitor recovery are not.used in the determination.

After the 12 h grading, all erythema)grades plus oedema grades (24 £2) h, (48+2)h and (72+2) h fare
totalled separately for each test sample and blank for each animal. The primary irritation score for an animgl is
calculated py dividing the sum.of’all the scores by 6 (two test/observation sites, three time points).

To obtain the primary irritation index for the test sample add all the primary irritation scores of the individual
animals and divide by thé number of animals (generally three).

When blank or negative control is used, calculate the primary irritation score for the controls and subtract that
score from|thedscore using the test material to obtain the primary irritation score.

For repeated exposure assays the primary rritation score for each animal shait be calcutated according 1o the
principle mentioned above, taking into consideration all evaluation points. For repeated exposure, determine
the cumulative irritation index as follows.

Add together the irritation scores of all animals and divide by the total number of animals. This value is the
cumulative irritation index.

The cumulative irritation index is compared with the categories of irritation response given in Table 2 and the
appropriate response category is recorded for the report.

NOTE The categories of cumulative irritation index are based on the data relating the primary irritation index for
chemicals in rabbits to the primary irritation response in humans for a number of chemicals that have been tested on both
species.
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For any response, record the maximum primary irritation score given in Table 1 for each animal, the time of
onset of the response and the time to maximum response.

The primary or cumulative irritation index is characterized by number (score) and description (response

category) given in Table 2. In case different extracts have been tested, the one giving the highest PII
determines the response category.

Table 2 — Primary or cumulative irritation index categories in a rabbit

Mean score Response category
0to0,4 Negligible
0,5t01,9 Slight
2t04,9 Moderate
5t08 Severe

6.317 Test report

Th¢ test report shall include:

a) | a description of the test material(s) or device;

b) | the intended use/application of the test material(s) or device;

c) | a detailed description of the method employed in preparing the test sample or test material;
d) | a description of the test animals;

e) | the method of application to the test sites and type (semi-occlusive or occlusive) of bandage material;
f) | how the sites were marked, and the readings performed;

g) | records of the observations;

h) | number of exposures and(intervals between them, when repeated exposures were carried out;

i) | evaluation of the results:
6.4 Animal intracutaneous (intradermal) reactivity test

6.41 Introduction

For medical devices that are used as an implant, the use of an intracutaneous (intradermal) reacljvity test is
indjcated® An assessment is made of the potential of the material under test to produce irritation following
intradermal injection of extracts of the material.

6.4.2 Exclusion from test
Any material shown to be a skin, eye or mucosal tissue irritant or material with a pH < 2,0 or > 11,5 shall not
be tested intradermally. In exceptional cases where further risk characterization/assessment is needed, it

might be necessary to test materials which are either an irritant or have a pH outside the range mentioned
above. These cases shall be justified and documented.

6.4.3 Test sample

The test sample shall be an extract prepared in accordance with Annex A. As there are multiple test sites on
each animal, several test samples might be applied together with the appropriate negative controls or blank.
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6.4.4 Animals and husbandry

Healthy young adult albino rabbits of either sex from a single strain, weighing not less than 2 kg, shall be used.
The animals shall be acclimatized and cared for as specified in ISO 10993-2. A minimum of three animals
shall initially be used to evaluate the test material. If irritation is anticipated, consideration shall be given to
testing in one animal first. Unless a well-defined positive response [score greater than 2 for either erythema or
oedema (see Table 1)] is observed, a minimum of two additional animals shall be used. If the response in the
test using the minimum of three animals is equivocal, further testing shall be considered.

6.4.5 Test procedure

Within a 4’}‘7 to 18 h period before testing, closely clip the fur on the backs of the animals, allowing a sufficient
distance o both sides of the spine for injection of the extracts.

Inject intragutaneously 0,2 ml of the extract obtained with polar or non-polar solvent at five sitesion-one sid¢ of
each rabbjt. Use the smallest needle appropriate to the viscosity of the test material forithe intradermal
injections.

An example of the arrangements of the injection sites is presented in Figure 2.

Similarly, ipject 0,2 ml of the polar or non-polar solvent control on five sites of the’ contralateral side of each
rabbit (for ¢xample, see Figure 2).

If other so|vents are used, repeat the above steps for the extract obtained with the other solvents and fthe
solvent controls.

1
1 X o 1
2 X o 2
25 3.1 a3 -4
4/ X o 4
5 a5
6 X o 6
7 X a7
3+ 8 X a8 -9
9 X o 9
10 X =10
6
Key
1 cranial end
2 0,2 mlinjections of polar extract
3 0,2 mlinjections of non-polar extract
4 0,2 mlinjections of polar solvent control
5 0,2 mlinjections of non-polar solvent control
6 caudal end

Figure 2 — Arrangement of injection sites
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6.4.6 Observation of animals

Note the appearance of each injection site immediately after injection and at (24 +2)h, (48+2)h and
(72 £+ 2) h after injection.

Grade the tissue reaction for erythema and oedema according to the system given in Table 3 for each
injection site and at each time interval observed, and record the results.

NOTE Intradermal injection of oil frequently elicits an inflammatory response.

Intravenous injection of an appropriate vital dye such as Trypan blue or Fvans blue might be undertaken at
the| (72 = 2) h reading to assist in evaluation of the response by delineating the area of irritation.

Nop-invasive techniques might be used to assist in the evaluation if they are available.

Table 3 — Grading system for intracutaneous (intradermal) réactions

Reaction Numericpl grading
Erythema and eschar formation
No erythema 0
Very slight erythema (barely perceptible) 1
Well-defined erythema 2
Moderate erythema 3
Severe erythema (beet-redness) to eschar formation preyenting grading of erythema 4

O¢gdema formation

No oedema 0

Very slight oedema (barely perceptible) 1

Well-defined oedema (edges of area well-defined by definite raising)

Moderate oedema (raised approximately 1 mm)

Severe oedema (raised more-than 1 mm and extending beyond exposure area)

R IENEZEL

Maximal possible score for irrifation

Other adverse changes at'the injection sites shall be recorded and reported.

6.4.7 Evaluation of results

After the(72'+ 2) h grading, all erythema grades plus oedema grades (24 +2) h, (48 +2)h and (72 £ 2) h are
totalled.separately for each test sample or blank for each individual animal. To calculate the scofe of a test
sampfe or blank on each individual animal, divide each of the totals by 15 (3 scoring time points|x 5 test or
blank sample injection sites). To determine the overall mean score for each fest sample and each
corresponding blank, add the scores for the three animals and divide by three. The final test sample score can
be obtained by subtracting the score of the blank from the test sample score. The requirements of the test are
met if the final test sample score is 1,0 or less. If at any observation period the average reaction to the test
sample is questionably greater than the average reaction to the blank, repeat the test using three additional
rabbits. The requirements of the test are met if the final test sample score is 1,0 or less.

NOTE The blank control sample is either the polar or the non-polar solvent control as mentioned in Figure 2.
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6.4.8 Test report

The test report shall include:

a) a description of the test material(s) or device;

b) the intended use/application of the test material(s) or device;

c) adetailed description of the method employed in preparing the test samples;

d) a desgHplion-ofthe-testanimals;

e) the megthod of injection;

f)  how the site readings were performed;
g) arecord of the observations;

h) an asgessment of the results.
6.5 Human skin irritation test

6.5.1 Intyoduction
At present/ the prediction of human cutaneous irritation for the purpase of hazard identification relies primgrily
on the us¢ of experimental animals (see Annex F). There are,"however, problems in extrapolating fiom
animals to| humans. For chemicals to which human exposure~i§’ high (e.g. cosmetics and detergents), fisk
assessments are performed using human skin patch tests.

Human studies can serve several purposes:

a) direct |dentification of human hazard by testing.chemicals in humans rather than in laboratory animals;
b) provisfon of risk assessment of certain chemicals to which human exposure is high;

c) facilitation of extrapolation to humansof data obtained previously from laboratory animal studies.

This part gf ISO 10993 allows skinyirritation data to be obtained directly from humans for purposes of hazard
identificatign. Its aim is to determine whether a material presents a significant skin irritation hazard followling

acute expdsure.

Clinical tegts shall be_performed in accordance with 1SO 14155-1 and ISO 14155-2. Additional spegific
requirements for clinical tests are described in Annex C.

NOTE .1 gives further information on irritation tests.

6.5.2 Initial considerafions

Adequate information on the toxicity profile of the material and (where relevant) its constituent chemicals,
including percutaneous absorption data, shall be available to indicate that the study does not present any
significant health risk.

Materials shall not be tested on humans if:

a) they have been shown to be irritant in a predictive assay, either in vitro or in vivo;

NOTE In certain situations it might be necessary to perform additional testing of irritant samples/extracts of
products in humans in order to further characterize the potential human risk.
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b) they have been shown to be corrosive in a predictive assay, either in vitro or in vivo;

c) potential corrosivity for human skin can be predicted on the basis of structure/activity relationships and/or
physicochemical properties such as strong acid or alkaline reserve;

d) they present a risk of skin or respiratory tract sensitization;
e) they present any acute toxicity hazard under test conditions;

f) they present any genotoxic, reproductive or carcinogenic hazard.

Further requirements and guidance on the selection of human volunteers can be found in Annex C and
Annex F.

7 | Skin sensitization tests

7.1 Choice of test methods

There are currently three animal assays available for the determination-of the skin sensitizing potential of
chgmicals. These include two guinea pig assays and one murine assay: So far, the two most commonly used
methods for testing for skin sensitization are the Guinea Pig Maximization Test (GPMT) and the clpsed-patch
test (Buehler test). Of these the maximization test is the most(Sensitive method. See Reference [51]. The
cloged-patch test is suitable for topical products.

The murine Local Lymph Node Assay (LLNA) was internationally accepted for testing single chemicals as a
stapd-alone alternative to the guinea pig assays, and’is now the preferred assay for chenjicals. See
References [69] [88] [91]. In some instances guinea, pig assays can be necessary for the evalugtion of the
sernsitizing potential of certain test samples. Such might be true in the case of false negatives, fals¢ positives,
cerftain metals and high molecular weight substances, which do not penetrate the skin. One should be aware
that irritant activity can also result in positive lymph node responses.

In yiew of the provisions laid down in IS©’10993-2 on animal welfare requirements, the LLNA shdll be taken
intg consideration. In addition to animal welfare considerations, the LLNA has the advantage of providing
objective quantitative data.

NOJTE All three assays were-developed for the detection of skin sensitizing potential of chemicals,|i.e. contact
dermatitis, delayed type (typeJV)yhypersensitivity.

7.2 Murine Local'Lymph Node Assay (LLNA)

7.21 Principle

Following.topical treatment of a test sample on the dorsum of the ears, the extent of lymphocyte proliferation
is measured in the lymph nodes that drain the sites of application (ears). A response in cellular projiferation of
thrgefold or more compared with the activity of the controls is the threshold for designating a test material as a
sensitizer.

The LLNA shall be performed using a dose response approach when substances are used. For final
products/medical devices it can be sufficient to test only the undiluted extract.

NOTE The Bibliography contains representative LLNA publications. Laboratories conducting this assay are
encouraged to review these and other relevant publications available. In addition, in vitro alternatives for the LLNA are
currently being developed. For up-to-date information for these developments, references to the ECVAM, ICCVAM and
JaCVAM websites are provided in the Bibliography. See References [114] [115] [116]).
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7.2.2 Test sample preparation

The test sample shall be a liquid, suspension, gel or paste such that it can be applied to the ears of the mice.
Where possible, a series of doses (dilutions) shall be investigated. Otherwise, the highest concentration
prepared as a chemical solution or suspension or as an extract should be used. Systemic toxicity and
excessive local skin irritation can invalidate the test results; these reactions should therefore be avoided. In
certain circumstances, pre-testing can be necessary.

A commonly used vehicle for substances/chemicals is an acetone olive oil (AOQO) 4:1 mixture. Liquid samples
that are hydrophilic and/or do not adequately adhere to the skin of the ear should be modified to adhere to the
test site. Thi i i i se
(0,5 % wh). For water soluble chemicals, dimethyl sulfoxide (DMSQO) or dimethyl formamide (DMFE),@are
preferred gbove the surfactant Pluronic® L92. See Reference [89]. Alternatively, other extract vehicles can| be
entioned. See Reference [88]. The effect of additions to the extract media and/or ¢hangeg in
position shall be validated and documented. This might be done by experiments using weal to
moderate gensitizers as commonly used as positive control. In addition, spiking of the test.sample with a
positive coptrol might be performed in order to demonstrate that the prepared extract is still>able to detect fthe
presence df potential sensitizers. The methods of extraction are described in ISO 1099342,

For each administration, a separate extract shall be prepared.

NOTE For polymers, information on a specific method for preparation of extracts isigiven in Annex E.

7.2.3 Animals and husbandry

Healthy female mice of the CBA/Ca or CBA/J strain shall be usedy unless another strain is validated. $ee
References [88] [96]. Several mouse strains have been reported as acceptable (DBA/2, B6C3F1, BALBYc).
See Referg¢nce [90]. The mice shall be non-pregnant and eight{o twelve weeks of age; the mice in each study
shall be matched in age (within a one-week age range). Male mice might be used if shown to be equivalent to
the female|sensitivity level.

Husbandry and selection of animals shall be in-accordance with 1SO 10993-2. The mice, routinely
acclimatizgd to the laboratory, shall be individually:identified. For certain test samples, individual housing ¢an
be necessary. This shall be justified and documented.

NOTE  When group housing is performed;, cross contamination and unwanted oral intake should be taken fnto
consideratign.

7.2.4 Test procedure

For chemigals, the LLNA js~generally performed in a dose-response manner. For medical devices, sample$ to
be tested may be extracis.vIn these cases, only a single dose is available for testing. In general, the extfact
can be investigated undiluted. However, when the extract contains highly toxic components, this can result in
a negative|response.jn the LLNA due to toxicity. It is therefore recommended, when investigating highly tgxic
extracts (see 1SQ,10993-5) to perform the LLNA in a dose-response manner and to dilute the extract.

In order tolensure reproducibility and sensitivity of the test procedure, tests with well-known weak to moderate
contact allergens, e.g. mercaptobenzothiazole, hexyl cinnamic aldehyde and benzocaine, shall be included in
each assay. The examples mentioned might not be suitable for each vehicle used for sample preparation
(i.e. water based vehicle); in such cases, another positive control might be selected. This shall be justified and
documented. When the assay is performed frequently, positive controls do not have to be included in each
assay, however they shall be included at least once every six months.

The individual body weights shall be recorded at initiation and at the end of the study. In order to detect
potential toxicity of the test sample, clinical observation shall be performed and recorded during the study.
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NOTE Using a positive control only once every six months can have consequences for the results obtained in the
previous six months period when this positive control shows a negative outcome. Reference [88] states that periodic
testing (i.e. at intervals < 6 months) of the positive control substance can be considered in laboratories that conduct the
LLNA regularly (i.e. conduct the LLNA at a frequency of no less than once per month) and that have a history and a
documented proficiency for obtaining consistent results with positive controls. It is important to realize that the decision to
only include a positive control periodically instead of concurrently could have ramifications on the adequacy and
acceptability of negative study results generated without a concurrent positive control during the interval between each
periodic positive control study. For example, if a false negative result is obtained in the periodic positive control test, all
negative test substance results obtained in the interval between the last acceptable periodic positive control test and the
unacceptable periodic positive control test could be questioned. In order to demonstrate that the prior negative test
substance results are acceptable, a laboratory could be expected to repeat all negative tests, which would require

additional expenses and increased animal use.

7.2l5 Treatment groups

WhHen the LLNA is performed, the data of a minimum of four mice per group shall be available for pvaluation.
Lymph node responses may be determined either by individual measurement or by-measurement of pooled
lymph node samples. For statistical analysis, individual measurement is preferred.

WHen only a single dose is available for evaluation, e.g. an extract, a minimum®of five mice shall ipe used for
eac¢h group, when individual responses are measured.

Trg

WH
oth
tes

NO
con

atment groups shall be assigned to:

blank of each type of vehicle employed (see Annex A);

when appropriate, positive control for each vehicle employed,;

test groups for each extract vehicle employed.
en testing a single chemical or substance, the‘LLNA shall be performed in a dose-response m
er types of test and sample-like extracts, a-dose-response evaluation might not be feasible. Whe

| group is employed, this shall be justified and documented.

TE When sufficient data have begen-collected to demonstrate consistency for the dose response of
trol, a single dose might be included.to'demonstrate the sensitivity of the assay. See Reference [88].

The¢ appropriate sample shall be)applied to the dorsal side of both ears of designated mice at a dos

for
inte

7.2
Thg

Ra
flug

three consecutive days._Each day, observe the ears for signs of irritation that might int
rpreting results. See References [73] [82] [84].

6 Determination of cellular proliferation and tissue preparation

e proliferating™cells in the draining lymph nodes can be labelled by either a radioactive or fluoreg
Hiolabels.'commonly used are 3H-methyl thymidine and 125|-iododeoxyuridine, while for flu
rodeoxyuridine might be used.

At

anner. For
n only one

the positive

b of 25 pl/d
erfere with

cent label.
orescence

724 2) h after the last treatment, record individual mouse weights and administer intravenous

y the label

for cell proliferation. Inject 0,25 ml of phosphate buffered saline (PBS) containing 20 uCi (740 KBq) units of
radioactivity of 3H-methyl thymidine into all test and control mice via the tail vein. For 125l-iododexyuridine,
inject 0,25 ml PBS containing 2 uCi (74 KBq), and for fluorodeoxyuridine inject 0,25 ml containing 105 mol/l
into the tail vein. See Reference [88].

Other alternative procedures not requiring radiolabelling are available and may be used when justified
[e.g. bromodeoxyuridide BrdU, adenosine triphosphate (ATP) determination (DA method)].

NOTE 1 For more information, see References [88] [91] [100] [114].
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Euthanize the mice (5 + 0,75) h after the administration of the labelling solution. Remove the draining auricular
lymph node. Care shall be taken to avoid cross contamination of the tissue samples. The lymph nodes of each
group may be pooled, or pairs of lymph nodes of each individual animal may be pooled. Single cell
preparations are prepared by gently pressing the lymph nodes through a 200 ym stainless steel wire mesh or
nylon mesh. Data from each individual animal is preferred as it provides the variability between each animal in
a group. Cell preparations are washed twice by centrifugation and resuspended in PBS. Cells are precipitated
with 5 % trichloroacetic acid (TCA) at (4 £ 2) °C for (18 £ 1) h. After a final centrifugation, step pellets are
resuspended in 1 ml of TCA and transferred to scintillation vials containing 10 ml of scintillation fluid for
3H-counting, or transferred directly to a gamma counter for 125]-counting. See Reference [70] [90] [91].

NOTE 2 lternatively. labelling and determination of cellular proliferation can be performed ex vivo. See
References|[92] [93].

7.2.7 Results and interpretation
Measure the level of radioactivity in the lymph node cells in counts per minute per mouses (cpm/mouge).
Convert cunts per minute (cpm) to disintegration per minute (dpm). Calculate the miean and standard
deviation (pnly for individual sampling method) of the cpm or dpm for each group of micexSee Reference [88].
Subtract the background value from each result.

Determine|the Stimulation Index (Sl) by dividing the test cpm or dpm by the blank“epm or dpm. An SI of three
or more (>| 3,0) shall be considered positive for designating a test sample as a-sensitizer. See Reference [64].

Positive cgntrol samples shall produce an Sl of > 3,0.

For a valid|study, the positive control shall be conducted either concurrently or within the previous six months.
See Refergnce [88].

7.2.8 Testreport

The test report shall include:

a) a desgription of the test material(s) or device;

b) the intended use/application of the test'sample or material,

c) adetdjled description of the method employed in preparing the test sample or test material or device;
d) a desgription of the test animals;

e) method of applicationte the ears;

f)  description of method for determining cellular proliferation;

g) records of the-observations, including clinical and body weight observations;

h) asses&ment of the results, including positive control

7.3 Guinea pig assays for the detection of skin sensitization

7.3.1  Principle
The two guinea pig assays currently used for the detection of sensitizing activity of chemicals and medical

devices are the Buehler assay and the GPMT. Both assays consist of an induction and challenge phase, thus
covering all stages of hypersensitivity.
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7.3.2 Choice of test sample concentrations

Current guidelines for testing the sensitizing potential of single chemicals recommend using
concentration for the test.

NOTE

7.3.3 Induction

nea pig a

Sensitization rate is highly dependent on induction dose, which in gui

ssays shall b
mog ~in re—htahe

c O

The biochemical and physical characteristics of the test sample can influence the choice of test
maiimization test requires intradermal injections. If the’test sample cannot be injected intradg
alternative method shall be used. The extract solutions'shall be prepared under aseptic conditions.
solptions should not be used for intradermal applications.

The bioavailability of the test material is influeficed by the choice of vehicle. Although there is no ve
optimal for all materials, a vehicle that\optimizes exposure by solubilization and penetration
sel
of
sed
pro

esults. Most investigators prefer thé test sample as a solution because dispersions are prong
iment, making exact dosingsJdifficult. Examples of vehicles for intradermal injection incly
pyleneglycol and vegetable oils:

Va
pro

iation among results fromdifferent laboratories can have several sources. The following factorg
cedure are important:

ambient test conditions;
test site/on'the animal;

method of hair removal (clipping/shaving or chemical depilation);

only one

Information on a specific method for preparation of extracts from polymeric test materials is given in Annex E.

e mildly to

st possible
ction dose
ual guinea
bcted to a

previously

to facilitate

| since the
rmally, an
Non-sterile

hicle that is
should be

ected. The concentration of test material should be the highest possible without affecting the inferpretation

to form a
de saline,

in the test

tfype of paich design;

quantity of test material;

quality of occlusion;

exposure time and reading of the animals.

Animal responsiveness also varies according to genetic factors and husbandry.
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Comparison of the number of test animals having a positive response at challenge with the appropriate
controls is essential for indication of a positive test result, though the severity of reaction will aid in the
interpretation. Borderline reactions at challenge are best clarified by rechallenge. Histopathology has not been
shown to be of help in the evaluation of test results.

Assays with positive controls shall be performed regularly in order to ensure reproducibility and sensitivity of
the test procedure. Positive controls should preferably be weak to moderate contact allergens,
e.g. mercaptobenzothiazole, hexyl cinnamic aldehyde and benzocaine. Positive controls shall be performed at
least once every six months. See Reference [6].

NOTE In order to get a positive response, dilutions of moderate to strong sensitizers (e.g. formaldehyde and DNCB)
can be useq. However, this does not guarantee that the assay can also identify responses of weak sensitizers in extracts
of medical devices.

7.5 Guipea pig maximization test (GPMT)

7.5.1 Principle

An assessment is made of the potential of the material under test to produce skin sensitization in the guipea
pig using the technique applied for single chemicals in the guinea pig maximization. test.

7.5.2 Test sample preparation

The test sample shall be prepared as specified in Annex A. The concentration of test sample shall be fhe
highest posgsible without affecting interpretation of the results (see 7.5.4.2).

NOTE Polymer information on a specific method for preparation of extracts is presented in Annex E.

7.5.3 Anjmals and husbandry

Healthy young adult albino guinea pigs of either sex from a single outbred strain, weighing 300 g to 500 ¢ at
the start of|the test, shall be used. If female animals are used, they shall be nulliparous and not pregnant.

The animals shall be acclimatized and cared" for as specified in 1SO 10993-2. Preliminary tests, when
necessary| should be carried out on one Set of animals to determine the optimal test concentratipns
(see 7.5.4.p).

If the test material is powder or liquid) a minimum of ten animals shall be treated with the test sample and a
minimum df five animals shall act as a control group. If a preliminary test is needed, it shall be carried ouffon
additional animals.

For testing extracts, a minimum of ten animals shall be treated with the test sample, and a minimum of five
animals shiall act as a ‘selvent control group. If a preliminary test is needed, it shall be carried out on additignal
animals.

If testing on ten test and five control animals is completely negative, it is unlikely that testing of a further ten
plus five @nimals will give positive results. However, if any equivocal responses develop, rechallepge
(see 7.5.6) shall be carried out. If equivocal responses remain, conduct a new study on a minimum of 20 test
and ten control animals.

7.5.4 Test procedure

7541 Preparation
Clip and shave the fur on all treatment sites prior to all steps in the test procedure.

For intradermal injections, inject 0,1 ml per site.
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For topical application, saturate an appropriate filter paper or absorbent gauze patch (4 cm? to 8 cm?2) with the
test sample and apply the patch to the clipped skin under an occlusive dressing secured by a wrap around the
torso of the animal.

NOTE When wrapping an animal for securing an occlusive dressing, care should be taken to allow for normal
breathing of the animal. A flexible wrapping is preferred, which should be applied by well-trained personnel.

7.5.4.2 Preliminary tests

The preliminary tests are intended to determine the concentration of the test sample to be used in the main
testin/2.5.4.3

Ungiluted extracts using the usual solvents need not be subjected to preliminary testing.

Topically apply a range of dilutions of the test sample to the flanks of at least three janimals. Remove the
ocglusive dressings and patches after 24 h, and assess the application sites for erythema and oedema using
thel Magnusson and Kligman grading scale given in Table 4.

For the topical induction phase in the main test, select the highest concentration\that causes mild t¢ moderate
erythema but does not otherwise adversely affect the animal. It should-be)recognised that for [extracts of
megdical devices, the irritating threshold may not be obtained. In such-cases, the highest cophcentration
pogsible shall be used, e.g. the undiluted extract. For final products/medical devices, it may be gufficient to
test only the undiluted extract.

For the challenge phase in the main test, select the highest cancentration that produces no erythema.

Table 4 — Magnussonand Kligman scale

Patch test reaction Grading scale
No visible change 0
Discrete or patchy erythema 1
Moderate and confluent erythema 2
Intense erythema and/or swelling 3

Copsideration shall be given to the pre-treatment of all animals by injection with Freund's complefe adjuvant
(FGA) in order to ewvaluate the possibility of hyperreactive skin status during the main tes{ and thus
intgrference with the feadings.

7.54.3 Main test

7.54.31\" Intradermal induction phase

Makeapairof O, tmtintradermmat-njections of eactof thefottowing; imtoeactamimat, =t the-mjection sites (A,
B and C), as shown in Figure 3, in the clipped intrascapular region.

Site A: A 50:50 volume ratio stable emulsion of Freund's complete adjuvant mixed with the chosen solvent.
Use physiological saline (BP, USP or equivalent) for water-soluble materials.

Site B: The test sample (undiluted extract); inject the control animals with the solvent alone.
Site C: The test sample at the concentration used at site B, emulsified in a 50:50 volume ratio stable emulsion

of Freund's complete adjuvant and the solvent (50 %); inject the control animals with an emulsion of the blank
liquid with adjuvant.
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7.5.4.3.2 Topical induction phase

At (7 £1)d after completion of the intradermal induction phase, administer the test sample by topical
application to the intrascapular region of each animal, using a patch of area approximately 8 cm? (filter paper
or absorbent gauze), so as to cover the intradermal injection sites (Figure 3). Use the concentration selected
in 7.5.4.3.1 for site B. If the maximum concentration that can be achieved in 7.5.4.3.1 does not produce
irritation, pretreat the area with 10 % sodium dodecyl sulfate massaged into the skin (24 £ 2) h before the
patch is applied. Secure the patches with an occlusive dressing. Remove the dressings and patches after
(48 + 2) h.

Freshly prepared exiracts are preferred If an exiract is stored longer than (24 + 2) h _then the stability of the
extract under the conditions of storage should be verified.

Treat the control animals similarly, using the blank liquid alone.

2</ \>2

//3
4
Key
1 cranial ¢nd
2 0,1 mliptradermal injections (see 7.5.4.3.1)
3 clipped jintrascapular region
4  caudal ¢nd

Figure 3 = Location of intradermal injection sites

7.5.4.3.3 | Challenge phase

At (14 £ 1)|d after completion of the topical induction phase, challenge all test and control animals with the {est
sample. Administer the test sample and a blank by topical application to sites that were not treated during [the
induction sftage, suchas the upper flank of each animal, using appropriate patches or chambers soaked in [the
test sample at the-concentration selected in 7.5.4.3.1 for site C. Dilutions of this concentration might also| be
applied to pther uhtreated sites in a similar manner. Secure with an occlusive dressing. Remove the dressings
and patchgscafter (24 + 2) h.

7.5.5 Observation of animals

Observe the appearance of the challenge skin sites of the test and control animals (24 £ 2) h and (48 £2) h
after removal of the dressings. Use of natural or full-spectrum lighting is highly recommended in order to
visualize the skin reactions. Describe and grade the skin reactions for erythema and oedema according to the
Magnusson and Kligman grading given in Table 4 for each challenge site and at each time interval. It is highly
recommended that reading be done without knowledge of the treatment, in order to minimize bias in the
evaluation of the results.
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7.5.6 Evaluation of results

Magnusson and Kligman grades of 1 or greater in the test group generally indicate sensitization, provided
grades of less than 1 are seen in control animals. If grades of 1 or greater are noted in control animals, then
the reactions of test animals which exceed the most severe reaction in control animals are presumed to be
due to sensitization. If the response is equivocal, rechallenge is recommended to confirm the results from the
first challenge. The outcome of the test is presented as the frequency of positive challenge results in test and
control animals.

Occasionally, the test group has a greater number of animals showing a response than the controls, although
the, intpnaity of the reaction is not greater than that exhibited hy the cantrols In these instances ar challenge
might be necessary to define the response clearly. A rechallenge shall be carried out 1 week to @\weeks after
the] first challenge. The method used shall be as described for the first challenge, using a naive side on the
animal.

7.57 Testreport

The test report shall include:

a) | a description of the test material(s) or device;

b) | the intended use/application of the test sample or material;
c) | a detailed description of the method employed in preparingthe/test sample or test material or device;
d) | a description of the test animals;

e) | the method of application to the test sites;

f) | how the sites were marked, and the readings.péerformed;
g) | records of the observations;

h) | assessment of the results.
7. Closed-patch test (Buehler test)

7.611 Principle

Anljassessment is made of the potential of the material under test to produce skin sensitization in gdinea pigs.

7.612 Test sample preparation

The¢ testrsample shall be prepared as specified in Annex A. The concentration of test sample shall be the
highest\possible without affecting interpretation of the results (see 7.6.4.2). Where shape and sjze permit,
topjcal'devices (e.g. electrodes) might be used as they are.

7.6.3 Animals and husbandry

Healthy young adult albino guinea pigs of either sex from a single outbred strain, weighing 300 g to 500 g at
the start of the test, shall be used. If female animals are used, they shall be nulliparous and not pregnant.

The animals shall be acclimatized and cared for as specified in 1ISO 10993-2. Preliminary tests should be
carried out on one set of animals to determine concentrations of test sample (see 7.5.4.2).

For testing powders or liquids, a minimum of ten animals shall be treated with the test material and a minimum

of five animals shall act as a control group. If a preliminary test is needed, it shall be carried out on additional
animals.
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For testing extracts, a minimum of ten animals shall be treated with each extract and a minimum of five
animals shall act as a control for each solvent. If a preliminary test is needed, it shall be carried out on
additional animals.

If testing in ten test and five control animals is completely negative, it is unlikely that testing of a further ten
plus five animals will give positive results. However, if any equivocal responses develop, rechallenge
(see 7.5.6) shall be carried out. If equivocal responses remain, conduct a new study in a minimum of 20 tests
and ten control animals.

7.6.4 Test procedure

7.6.41 Preparation

Closely clip or shave the fur on all treatment sites prior to all steps in the test procedure.
For all top|cal applications, saturate a patch (filter paper or absorbent gauze) of the appropriate dimensipns
with the tgst material or extract and apply the patch to the clipped area under an occlusive dressing|for
(6 = 0,5) h{ Restraint for each animal might be used to ensure occlusion of the test sites.If wrapping is used,
its adequacgy should be evaluated in every experiment.

NOTE When wrapping an animal for securing an occlusive dressing, care should-be taken to allow for normal
breathing offthe animal. A flexible wrapping is preferred, which should be applied by wellstrained personnel.

7.6.4.2 Preliminary tests

The preliminary tests are intended to determine the concentrations of the test sample to be used in the main
test describped in 7.6.4.3.

Medical dgvices intended for topical use and undiluted-extracts using the usual solvents need not|be
subjected fo preliminary testing.

Topically gpply four concentrations of the test sample to the flanks of each of at least three animals uging
appropriat¢ patches. Remove the occlusive dressings and patches after (6 + 0,5) h. Assess the application
sites for e}thema and oedema using the Magnusson and Kligman grading given in Table 4 at (24 £ 2) h and
(48 £ 2) h @fter patch removal.

Select:

a) for the induction phase in.the main test, the highest concentration that causes no more than slight
erythema but does not otherwise adversely affect the animals;

b) for thg challenge phase in the main test, the highest concentration that produces no erythema.

7.6.4.3 Main test

7.6.4.3.1 | Induction phase

Administer the test sample by topical application to the clipped left upper back region of each animal using
appropriate patches soaked in the test sample at the concentration selected in 7.6.4.2 a). Remove the
restrainer of any occlusive dressings and patches after (6 £ 0,5) h. Perform this procedure on three days a
week for three weeks. Treat the control animals similarly, using the blank liquid alone.

7.6.4.3.2 Challenge phase

At (14 £ 1) d after the last induction application, challenge all test and control animals with the test sample.
Administer the test sample by a single topical application to a clipped untested area of each animal using
appropriate patches soaked in the test sample at the concentration selected in 7.6.4.2 b). Remove the
restrainer and occlusive dressings and patches after (6 £ 0,5) h.
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7.6.5 Observation of animals

At (24 £ 2) h after the primary challenge or rechallenge exposure, either

a) depilate all of the animals with a commercial depilatory by placing the material on the test site and
surrounding areas according to the manufacturer's instructions or

b) shave all of the animals on the challenge sites and surrounding areas.

Thoroughly wash the depilated area with warm water and dry the animals with a towel before returning them

to theireages—A—mintmum—o R—-atte Sefovar-o ‘;;;;‘ he—test-sites—using-the—seate—giverin Table 4.

Repeat the grading (48 + 2) h after removal of the challenge patch. Use of natural or full-spectrum lighting is

highly recommended in order to visualize the skin reactions. It is highly recommended that feading be done

without knowledge of the treatment, in order to minimize bias in the evaluation of the results.

7.6.6 Evaluation of results

The Magnusson and Kligman grading scale given in Table 4 is applied.

Grades of 1 or greater in the test group generally indicate sensitization,Cprovided grades of less|than 1 are

segn on control animals. If grades of 1 or greater are noted on conttol*animals, then the reactipns of test

animals which exceed the most severe control reaction are presumed\to be due to sensitization. Rechallenge

is recommended to confirm the results from the first challenge. Fhe outcome of the test is presented as the

frequency of positive challenge results in test and control animals.

Octasionally, the test group has a greater number of animals showing a response than the controls, although

the| intensity of the reaction is not greater than that exhibited by the controls. In these instances, a rnechallenge

can be necessary to define the response clearly. A rechallenge shall be carried out 1 week to 2 weeks after

the] first challenge. The method used shall be as described for the first challenge, using an untested area on

the|flank of the animal.

In these situations, a new negative control group is recommended.

7.617 Testreport

The test report shall include:

a) | a description of the tést material(s) or device;

b) | the intended usefapplication of the test material(s) or device;

c) | a detailed'description of the method employed in preparing the test samples and materials;

d) | a description of the test animals;

e) [ the method of application to the test sites;

f)  how the sites were marked, and the readings performed;

g) records of the observations;

h) assessment of the results, including statistical methods.
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8 Key factors in interpretation of test results

The tests included in this part of ISO 10993 are important tools for development of safe products, provided
that they are executed and interpreted by trained personnel.

Evidence of irritancy and skin sensitivity by any method does not necessarily exclude the test material or
device from use because the amount of test material in the test procedure might be exaggerated compared
with actual conditions of use. An adverse finding using any of the described procedures indicates the need for

further ana

lysis that would allow risk assessment of intended human exposure.
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Annex A
(normative)

Preparation of materials for irritation/sensitization testing

A.1 General

Thée conduct of the tests and interpretation of the data from irritation/sensitization tests shall take ir
the| nature, degree, frequency, duration and conditions of exposure of the medical device inl hum3
the| parameters critical to these tests is the preparation of the test material.

A.2 Materials for direct-contact exposure

.1 Solid test materials

Solid materials that have appropriate physical states (e.g. sheets, films) shall be tested without m
Prgpare samples 2,5 cm x 2,5 cm and of a thickness that approximates normal use but is not g
0,5 cm. Prepare suitable negative control samples in the same“way. The negative control shall
resemble the test material closely and should be non-irritant; Absorbent gauze may be used as a 3
a mpore suitable control cannot be identified.

to account
ns. One of

odification.
eater than

physically
ubstitute if

The solid might be pulverized, care being taken to ensure no contamination occurs during this process, or

mojstened sufficiently with water or a suitable non=itritant solvent to ensure good contact with the
the| case of ceramics where pulverization is required, remember that the physico-chemical prope
ceramic can be altered by reducing the ceramic to a powder, with potentially marked effects or
actjvity.

tissues. In
rties of the
biological

Powders (e.g. super-absorbents) shall pe tested by direct deposition or by making a paste in an appropriate

solyent. A control using the same .solvent shall be evaluated in parallel with the moistened,
sugpended test material.

NOJTE Surface area and/or-particle size are important factors in biological responses such as phagocy
plays an important role in inflatnmatory and immune responses.

A.2.2 Liquid test materials

Ligpids shallbg tested undiluted by direct deposition or, if impractical, diluted with an appropriate|
control using.the same solvent shall be evaluated in parallel with the diluted test liquid.

diluted or

tosis, which

solvent. A

A.3"EXtracts of test materials

A solid might be tested by preparing extracts from the solid. If extracts are tested, they shall be p

repared as

described in ISO 10993-12, using polar, non-polar and/or additional solvents when appropriate. A rationale

shall be provided for the adequacy of an extraction method.

A blank sample, using the extracting solvent, shall be evaluated in parallel with the extract of the test material.
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A.4 Solvents

If the test material has to be extracted, diluted, suspended or moistened, a suitable non-irritant solvent shall
be used. ISO 10993-12 provides a list of appropriate solvents.

A.5 Sterile test materials

If the final product is supplied in a sterile condition, then the test material shall be sterilized using the same
process prior to testing. Products sterilized by ethylene oxide present a technical difficulty in that ethylene
oxide and[its reaction producis can produce a biological response in the tesis described in this par] of
ISO 10993

To enable differentiation between effects produced by the test material and those produced by ethylene oXide
residuals when an irritant reaction is observed, consideration shall be given to evaluations of this responseg to
the device |pre- and post-ethylene oxide sterilization.
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Annex B
(normative)

Special irritation tests

B.1 _General

0:2010(E)

The following special irritation tests exist. These tests are relevant for medical devices intended\to
to gpecific areas. If used, a rationale shall be provided for the choice of the test method.

B.2 Ocular irritation test

.1 General

Bovine Corneal Opacity and Permeability (BCOP) test.method, and the Isolated Chicken Eye
hod. See Reference [107]. For weak irritants, an in vivg assay can still be necessary.

B.2.2 Principle

Anlassessment is made of the potential of the-material under test to produce ocular irritation.

B.2.3 Exclusion from test
Materials and/or final products that have demonstrated definite corrosion or severe irritation in a dg
shgll no longer be tested for eyetirritation. Any material shown to be a skin irritant or those with a g
> 11,5 should not be tested but-should be labelled as a potential eye irritant.

In ¢xceptional cases where further risk characterization/assessment is needed, it might be neces;
materials that are minimally irritant. These cases shall be justified and documented.

B.2.4 Test material

If the test material is a liquid, instil 0,1 ml, undiluted, into the lower conjunctival sac of one eye.

be applied

s, and only

sufficiently
bssays are
(ICE) test

rmal study
H<20o0r

bary to test

, instil that

amietiRt-WhIGH RA-G08S
sac of one eye.

NOTE Some products are not suitable for testing directly in the eye. Mechanical damage can result in ma
useless.

If the test material is contained in a pump spray, expel and instil 0,1 ml as for liquids.
If the test material is contained in an aerosol container, examine by either
a) spraying a single burst of 1 s duration at a distance of 10 cm directed at the open eye or

b) expelling the aerosol into a cool container and treating as for a liquid.
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If the test material is such that it can only be applied as an extract, prepare extracts as described in Annex A.

Instil a 0,1

ml aliquot of the extract into the lower conjunctival sac of one eye.

Under conditions identical with those used above, prepare a blank liquid, using both the polar and the non-

polar solve

B.2.5 Ani

nt, in the absence of the test material.

mals and husbandry

Healthy young adult albino rabbits of either sex from a single strain, weighing 2 kg to 3 kg, shall be used.

One animal shall initially be used to evaluate the test material. A well-defined positive - respo
(see Table[B.1) in one animal obviates the need for additional testing.

When no response is observed for solid or liquid materials, a minimum of two further animals shall be ug
For extracts, a minimum of two further animals per extract shall be used.

If the respgnse in the test using the minimum of three animals is equivocal or not clear, additional testing s
be considdred.

B.2.6 Test procedure

No longer than 24 h before commencement of the test, visually examine’both eyes of each rabbit for evide
of ocular apnormality. If either eye shows any abnormality, the rabbit.shall be replaced.

When the pyes are examined, sodium fluorescein 2 % BP (British Pharmacopoeia) may be used in orde
visualize gny corneal damage. The use of an ophthalmoscope, hand slit-lamp or other suitable devicg
recommenfled.

Instil the tgst sample as specified in B.2.4 in one eye.

Following ipstillation hold the eyelids together for.a@pproximately 1 s.

The contralateral eye of each animal serves as control and should be treated with blank liquid when an ext
is tested.

If repeated exposure to the material is anticipated and the test material has not demonstrated a signifig
response ih the acute test, a @epeat-exposure study may be conducted. Repeated exposure shall only

carried out
should bed

B.2.7 Ob

For anima

servation)of animals

after completion ©f,the acute exposure test [after at least (72 £ 2) h]. The duration of the expos
r resemblance o the length of use of the test material/device in the clinical situation.

s réceiving a single instillation of test material, examine both eyes of each animal approxima

nse

ed.

hall

nce

r to

act

ant
be
ure

ely

(1+0,1) h|

(29 +2) h, (48 + 2) h and (72 + 2) h after instillation.

Extended observation may be necessary if there are persistent lesions, in order to determine the progress of
the lesions or their reversal; this need not exceed 21 d. Extended observation cannot be justified for animals
with severe lesions.

NOTE

ISO 9394125] gives guidelines for contact lens testing that requires 21 d exposure for 8 h per day. This is an
exception to the guidelines.

Grade and record any reactions observed in accordance with the scale for grading ocular lesions given in

Table B.1.
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Table B.1 — System for grading ocular lesions

Reaction Numerical grading

1. Cornea

Degree of opacity (most dense area)

No opacity 0

Scattered or diffuse areas, details of iris clearly visible 1a
Easily discernible translucent areas, details of iris slightly obscured 28
Opalescent areas, no details of iris visible, size of pupil barely discernible 3@
Opaque, detail of iris not visible ya

Area of cornea involved

One-quarter (or less), not zero 0
Greater than one-quarter, but less than half 1
Greater than half, but less than three-quarters P
Greater than three-quarters, up to whole area 3
2. | Iris
Normal 0
Folds above normal, congestion swelling, circumcorneal ihjection (any or all or 12

combination of these), iris still reacting to light (sluggish'reaction is positive)

No reaction to light, haemorrhage, gross destruction (any or all of these) pa

3. | Conjunctivae

Redness (refers to palpebral and bulbar conjunctiva excluding cornea and iris)

Vessels normal 0
Vessels definitely injected above normal 1
More diffuse, deeper crimson.red, individual vessels not easily discernible pa
Diffuse beefy red 3@
Chemosis
No swelling 0
Any swelling*above normal (include nictitating membrane) 1
Obvious+swelling with partial eversion of lids pa
Swelling with lids about half-closed 3@
Swelling with lids about half-closed to completely closed ya
Discharge
No discharge 0
Any amount different from normal (does not include small amounts observed in inner 1
canthus of normal animals)
Discharge with moistening of the lids and hairs just adjacent to lids 2
Discharge with moistening of lids and hairs, and considerable area around the eye 3

2  Positive result.
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For animals receiving multiple instillations of test material, examine both eyes of each animal immediately
before and approximately (1 + 0,1) h after each instillation.

If there is evidence of irritation after the last treatment, the observations may be extended. Extended
observation may be necessary if there is persistent corneal involvement or other ocular irritation, in order to

determine

the progress of the lesions and their reversibility.

Grade and record any reactions observed in accordance with Table B.1.

Immediately withdraw an animal from the study and humanely euthanize it if, at any time, it shows:

— very spvere ocular damage (e.g. sloughing and ulceration of conjunctival membrane, corneal perforat

blood

— blood-stained or purulent discharge;

— signifi

Withdraw ffom the study any animal showing maximum effects on the grading system given in Table B.1, i.¢.

— absengce of a light reflex (iridial response grade 2) or corneal opacity (grade 4) without evidence
recovery within (24 £ 2) h or

— maximum conjunctival inflammation (chemosis grade 4 together with yedness grade 3) without evide

of rec

and sacrifi

B.2.8 Ev

Difference

system given in Table B.1.

Acute exppsure

If the treat

of the obsgrvations, then the material is'considered an eye irritant and further testing is not required.

If only one
animals.

When further animals have been treated, the test material is considered to be an eye irritant if more than
of the eyeq treated in the\test group exhibit a positive result (footnoted grades given in Table B.1) at any stage

of the obsgrvation.

A severer

Repeated

Dr pus in the anterior chamber);

tant corneal ulceration.

overy within (48 £2) h

be it humanely.

aluation of results

b between the test and control eyes shall be“characterized and explained in terms of the grad

¢d eye in more than one animalishows a positive result (footnoted grades given in Table B.1) at

of three treated eyes shows a mild or moderate reaction or the reactions are equivocal, treat furf

of

nce

ing

hny

her

nalf

w[action in only one animal is considered sufficient to label the material as an eye irritant.

The test material is considered an eye irritant if more than half of the animals in the test group exhibit a

positive re

sult (footnoted grades given in Table B.1) at any stage of the observation.

B.2.9 Test report

The test report shall include:

a) a description of the test samples;

b) the intended use/application of the test samples;

32
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nd if safety

c) a detailed description of the method employed in preparing the test samples;

d) a description of the test animals;

e) the method of instillation;

f)  how the ocular readings were performed,;

g) arecord of the observations;

h) —assessmentoftheresulis

B.B Oral mucosa irritation test

B.3.1 General

The oral irritation test shall only be considered for materials with intended contact-with oral tissue a
data cannot be obtained by other means.

B.3.2 Principle

Anlassessment is made of the potential of the material under test'to’ produce irritation of the oral tisgue.

B.!

An
sha

In

3.3 Exclusion from test

material shown to be a skin or eye irritant or material having a pH < 2,0 or > 11,5 shall not be
Il be labelled as a potential oral tissue irritant.

mafterials that are either an irritant or have a'pH outside the range mentioned above. These cas

jus

B.!

Pre

B.!

He
sh4

ified and documented.

8.4 Test material

pare test materials in accordance with Annex A.

3.5 Animals and-husbandry

plthy young adult’ Syrian hamsters of either sex from a single outbred strain shall be used. T
Il be acclimatized and cared for as specified in ISO 10993-2.

ar
CO

und\the neck so that it permits normal feeding and respiration but prevents the animal from re

tested and

pxceptional cases where further risk characterization/assessment is needed, it might be necessary to test

s shall be

he animals

moving the

In additien:to the above, when appropriate, fit to each animal a suitable collar of width 3 mm to 4 mm, placed
(t{

on-wool pellet. Weigh each animal daily for seven days during the test period. Examine any animal

showing a loss of body mass during this period and adjust its collar, if necessary. If the animal continues to
lose mass, exclude it from the test.

A minimum of three animals shall initially be used to evaluate the test material.

NOTE

If the response in the initial test is equivocal or not clear, additional testing shall be considered.

© 1SO 2010 — All rights reserved
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B.3.6 Test procedure

Remove the collar from each animal and evert the cheek pouches. Wash the pouches with physiological

saline solu

tion, and examine for any abnormality.

For solid test materials, place a sample (no larger than 5 mm diameter) directly into the cheek pouch.

For liquid test materials or extract samples, soak a cotton-wool pellet in the sample, record the volume
absorbed, and place a pellet in one pouch of each animal. Alternatively, an appropriate volume of a sample
may be flushed into the cheek pouch.

No sampl

is placed in the other cheek pouch, which serves as a control. Appropriate control animals shall

tested in parallel.

When required, replace the collar and return the animal to its cage.

The duration of exposure shall be that expected for actual use of the material, but no shorterthan 5 min.

Following the exposure, remove the collar and cotton-wool pellet and wash the pouch with physiological sa

solution, taking care not to contaminate the other pouch.

For acute

xposure, repeat the above procedure every hour (0,1 h) for 4 h.

For repeated-exposure tests, base the number of applications, their\duration and their interval on

exposure t

B.3.7 Ob

Examine t

me anticipated in the clinical situation.

servation of animals

he pouches macroscopically following removaliof the pellets and, if repeated applications

required, ilmmediately prior to the next dosing.

Describe t

ne appearance of the cheek pouches-.for each animal and grade the pouch surface reactions

erythema according to the system given in Tahl€.B.2 for each animal at each time interval. Record the res
for the test|report.

At (24 +2

h after the final treatment,-examine the cheek pouches macroscopically, and humanely sacri

the hamstgrs and remove tissue samples from representative areas of the pouches. Place in an appropr
fixative prigr to processing for histelogical examination.

34

Table B.2 — Grading system for oral and penile reactions

Reaction Numerical grading

Erythema and eschar formation

No erythema 0

be

ne

the

for
Llts

ice
ate

Very slight erythema (barely perceptible) 1

Well-defined erythema

Moderate erythema

AlWIDN

Severe erythema (beet-redness) to eschar
formation preventing grading of erythema

Other adverse changes of the tissues should be recorded and reported.
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B.3.8 Assessment of results

B.3.8.1 Macroscopic evaluation

Compare the treated cheek pouch with the cheek pouch on the contralateral side and, if a control group is

included, with the pouches of animals in the control group.

The grades (see Table B.2) for each observation are added and the sum is divided by the
observations to determine the average grade per animal.

number of

NO

giCdl evaludlorl.

NOTE 2  The initial observations made prior to the first application of the test material are not included
average.

B.3.8.2 Histological evaluation

The irritant effects on oral tissue shall be evaluated microscopically by a pathologist. The pathg
grgde each tissue according to the system given in Table B.3.

n the grade

logist may

The¢ grades for microscopic evaluation for all the animals in the test group are added and the sum is divided

by the number of observations to obtain a test group average. Repeat for the control group(s). The
scqre is 16.

maximum

A fotal score greater than nine for the microscopic evaluation in the control cheek pouch can indicate

underlying pathology or, in a control animal, it can indicate.trauma at dosing. Either situation ca
retgst if other test or control animals exhibit equivalent high scores.

Subtract the control group average from the test grotip average to obtain the irritation index (see Ta

For repeated-exposure tests, Table B.3 may need to be modified to accommodate additional tissue
asgociated with chronic irritation.

B.3.9 Test report

The test report shall include:

a) | a description of the test samples;

b) | the intended usé/application of the test samples;

c) | a detaileddescription of the method employed in preparing the test samples;

d) | a deseription of the test animals;

 require a

ble B.4).

responses

e) | the method of application;

f)  how the site readings were performed;
g) arecord of the observations;
h) the histological evaluation;

i) assessment of the results.

© 1SO 2010 — All rights reserved
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Table B.3 — Grading system for microscopic examination for oral, penile,

rectal and vaginal tissue reaction

Reaction

Numerical grading

Epithelium

Normal, intact

Cell degeneration or flatting

Metaplasia

Focaterosion

Generalized erosion

Leucocyte infiltration (per high power field)

Absent

Minimal (less than 25)

Mild (26 to 50)

Moderate (51 to 100)

Marked (greater than 100)

Vascular congestion

Absent

Minimal

Mild

Moderate

Marked, with disruption of vessels

Oedema

Absent

Minimal

Mild

Moderate

Marked

AlWIN

Table B.4 — Irritation index

Average grade

Description of response

0 None
1to 4 Minimal
5t0 8 Mild
9to 11 Moderate

12t0 16 Severe

assessment of the response.

Other adverse changes of the tissues should be recorded and included in the

The microscopic examination grading system given in Table B.3 applies for all
tests listed. The “irritation index” was developed for use with the vaginal
irritation model but may be used for the other tests.
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B.4 Penile irritation test

B.4.1 General

The penile irritation test shall only be considered for materials intended for contact with penile tissue and if
safety data cannot be obtained by other means.

B.4.2 Principle

|Ssue.

B.4.3 Exclusion from test

Any material shown to be a skin or eye irritant or materials with a pH < 2,0 or > 11,5 shall not be [tested and
shall be labelled as a potential penile irritant.

B.4.4 Test sample

If the test sample is a solid or a liquid, it shall be prepared as specified in Annex A.

B.4.5 Animals and husbandry

Male albino rabbits or guinea pigs shall be used. They shall béhealthy young adults, weighing ngt less than
2 kp for rabbits and 300 g to 500 g for guinea pigs.

The¢ animals shall be acclimatized and cared for as specified in ISO 10993-2.
The length of the penis which can be exposed shall)be at least 1 cm.

Dug to individual pigment variation, animals<shall be observed and graded for erythema prior to the first test
application. The system given in Table B.2-shall be used for grading any erythema. Animals showing severe

disgoloration or having an erythema grade of 2 or greater shall not be used.

A minimum of three animals shalk initially be used to evaluate the test material, and three animals as the
control group.

If the response in the initial test is equivocal or not clear, additional testing shall be considered.

B.4.6 Test procedure

it the penis

is coated.

Allow the penis to retract into the sheath. Take measures to prohibit the animal from licking the test site and
confounding the primary irritation by secondary factors (e.g. Elizabethan collar).

Alternatively, the animal may be secured in an appropriately designed restrainer for (1 £ 0,1) h after the last
application.

For acute exposure, repeat the above procedure every hour (£0,1) h for 4 h.

For prolonged repeated-exposure tests, base the number of applications, their duration and their interval on
the exposure time anticipated in the clinical situation.
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B.4.7 Observation of animals

For acute exposure, note the appearance of the penis (1 + 0,1) h after the initial application (e.g. immediately
prior to the next application) and subsequent treatments. Note and record the appearance of the penis at
(1£0,1)h, (24 + 2) h and (48 + 2) h after the last application.

For prolonged repeated-exposure tests, note the appearance of the penis at (1 £0,1) h after the initial
application and immediately prior to the next application.

Grade the skin surface reactions for erythema according to the system given in Table B.2 for each animal at

each time

If any anin
the test sample is subtracted from the grades for erythema at the timed observations to determine

erythema

B.4.8 Assessment of results

B.4.8.1

Compare the treated penis and sheath with the penis of the control animals.

nterval and record the results for the test report.

grade due to the test sample. The highest possible grade for one observation is four.

Macroscopic evaluation

al exhibits redness prior to the first test application, the grade given prior to the first applicatiorL of

the

The gradep (see Table B.2) for each observation are added and divided{by the number of observationg to
determine the average grade per animal.

NOTE 1 These observations can assist in the histological evaluation.

NOTE 2 The initial observations made prior to the first application\6f the test material are not included in the grpde
average.

Immediately after the 48 h observation, humanely sactifice the animals. Dissect free the distal penis and

sheath and place in an appropriate fixative prior to precessing for histological examination.

B.4.8.2

The irritan{ effects on the penile skin shall be evaluated by a pathologist. The pathologist may grade e

tissue acc

The grade

Repeat for|the control group(s).

A total scofe greater.than nine for the microscopic evaluation in a control animal can indicate trauma at dog
A retest can be required if other test or control animals exhibit equivalent high grades.

Subtract t

Histological evaluation

grding to the system given in-Table B.3.

control group average from the test group average to obtain the irritation index (see Table B.4).

Ach

5 for microscopic evaluation for all the animals in the test group are added and the sum is divigled
by the nunjber of observations to'ebtain a test group average. The maximum score is 16.

ing.

For prolonged repeated-exposure tests, Table B.3 may need to be modified to accommodate additional tissue
responses associated with chronic irritation.

B.4.9 Test report

The test report shall include:

a) ades

b) thein

cription of the test sample;

tended use/application of the test samples;

c) adetailed description of the method employed in preparing the test samples;

38
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d) a description of the test animals;

e) the method of application;

f)  how the site readings were performed;
g) arecord of the observations;

h) the histological evaluation;

acsassmentofthe rastlis
R —o+—tRe- S

Rectal irritation test

.1 General

Th
sa

rectal irritation test shall only be considered for materials intended for contact with rectal tis
ty data cannot be obtained by other means.

B.%.2 Principle

Anlassessment is made of the potential of the material under test'to’ produce irritation of the rectal ti

B.5.3 Exclusion from test

Any material shown to be a skin or eye irritant or thosé.with a pH < 2,0 or > 11,5 shall not be teste
be Jabelled as a potential rectal irritant.

B.5.4 Test material

If the test material is a solid or a liquid,-it'shall be prepared as specified in Annex A.

B.5.5 Animals and husbandry

Heglthy young adult albino rabbits of either sex from a single strain, weighing not less than 2 kg, sh
If other species are used).the choice shall be justified.

Thé¢ animals shall be acclimatized and cared for as specified in ISO 10993-2.

inimum of three animals shall initially be used to evaluate the test material, and three animals |
control group.

If the response in the initial test is equivocal or not clear, additional testing shall be considered.

sue and if

ssue.

d and shall

all be used.

sed as the

The animals shall be checked for rectal discharge, swelling and/or other evidence of lower bowel infection,

irritation and/or injury prior to each treatment.

B.5.6 Test procedure

Attach a short (6 cm) soft catheter or blunt-tipped cannula to a syringe with a capacity to deliver

more than

1 ml, and fill the syringe and catheter such that 1 ml of the test sample will be dosed. Prepare a separate

syringe with attached catheter for each animal.

Secure the animal by placing it in a restraining device which permits access to the perineum

, or by an

assistant carefully restraining the animal and securing the back legs in such a way to expose the perineum.

© 1SO 2010 — All rights reserved
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Just prior to insertion, moisten the catheter with either the control sample or with a suitable lubricant.

Grasp and raise the animal's tail to expose the perineum. Gently insert the moistened catheter deep into the
rectum and deposit the entire 1 ml dose from the syringe. Withdraw the catheter and discard it appropriately.

Due to differences in the capacity of the rectum of individual animals, some of the test sample may be
discharged during or immediately after it is deposited. Gently remove any of the expelled material with a soft

tissue.

Repeat the above procedure at (24 + 2) h intervals every day for five consecutive days.

For prolonged repeated-exposure tests, base the number of applications, their duration and their intervall on
the exposure time anticipated in the clinical situation.

B.5.7 Obgservation of animals

At (24 £2) h after the initial application and immediately prior to each treatment, note’ and record the
appearanck of the perineum for signs of discharge, erythema and irritation.

Animals exhibiting excessive discharge, swelling and/or that are found difficultcto~-dose shall be humarjely
sacrificed and the tissues examined (see B.5.8.1 and B.5.8.2).

B.5.8 Evaluation of results

B.5.8.1 Macroscopic evaluation

At (24 £2) h after the last dose, humanely kill the animals:;~Dissect free the entire lower bowel, open
longitudinglly and examine for signs of irritation, injury to the epithelial layer of tissue and necrosis.

Place the [rectum and distal portion of the large bowel in an appropriate fixative prior to processing |for
histological examination.

Compare the rectal tissues of the test rabbits with the rectal tissue of the control rabbits.

Record and describe the macroscopic. appearance of the rectal tissue for each animal, noting differentes
between the test and control sites.

NOTE These observations can(assist in the histological evaluation.

B.5.8.2 Hlistological evaluation

The irritan{ effects on ‘the rectal tissue shall be evaluated by a pathologist. The pathologist may grade egach
tissue accqrding to-the system given in Table B.3.

Add the gtades, for microscopic evaluation for all the animals in the test group and divide the sum by [the
number of pbservations to obtain a test group average. The maximum score is 16.

Repeat for the control group(s).

A total score greater than nine for the microscopic evaluation in a control animal may indicate trauma at
dosing. A retest may be required if other test or control animals exhibit equivalent high scores.

Subtract the control group average from the test group average to obtain the irritation index (see Table B.4).

For prolonged repeated-exposure tests, Table B.3 may need to be modified to accommodate additional tissue

responses

40

associated with chronic irritation.
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B.5.9 Test report

The test report shall include:

a) a description of the test samples;

b) the intended use/application of the test samples;

c) a detailed description of the method employed in preparing the test samples;

d) a description of the test animals:

e) | the method of application;

f) | how the site readings were performed;
g) | arecord of the observations;

h) | the histological evaluation;

i) | assessment of the results.

B.6 Vaginal irritation test

B.6.1 General

The¢ vaginal irritation test shall only be considered for*materials intended for contact with vaginal tissue and if
safety data cannot be obtained by other means.

B.6.2 Principle

Anlassessment is made of the potential.of-the material under test to produce irritation of the vaginal|tissue.

B.6.3 Exclusion from test

Any material shown to be a(skin or eye irritant or materials with a pH < 2,0 or > 11,5 shall not be [tested and
shall be labelled as a potential vaginal irritant.

B.6.4 Test material

If the test matetial is either a solid or a liquid, it shall be prepared as specified in Annex A.

.6.5 Animals and husbandry

Heg oL =Tall omale albino rabbits frc a-S
other species are used, the choice shall be justified.

The animals shall be acclimatized and cared for as specified in ISO 10993-2.

A minimum of three animals shall initially be used to evaluate the test material, and three animals as the
control group.

If the response in the initial test is equivocal or not clear, additional testing shall be considered.
The animals shall be checked for vaginal discharge, swelling and/or other evidence of vaginal infection,

irritation and/or injury prior to each treatment. A check shall also be made on the stage in oestrus cycle to
ensure a false positive reaction is not given based on physiological changes in the vagina.
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B.6.6 Test procedure

Attach a short (6 cm) soft catheter or blunt-tipped cannula to a syringe with a capacity to deliver more than
1 ml, and fill the syringe and catheter such that 1 ml of the test sample will be dosed. Prepare a separate
syringe with attached catheter for each animal.

Secure the animal by placing it in a restraining device which permits access to the vagina or by an assistant
carefully restraining the animal and securing the back legs in such a way to expose the vagina.

Moisten the catheter in either the control sample or a suitable lubricant.

Grasp and| raise the animal's tail to expose the vaginal opening. Gently insert the moistened catheter. dJeep
into the vagina and deposit the entire 1 ml dose from the syringe. Withdraw the catheter and discarg it
appropriately.
Due to differences in the capacity of the vagina of individual animals, some of the testrsample may|be
discharged during or immediately after it is deposited. Gently remove any of the expelled-material with a $oft
tissue.
Repeat thd above procedure at (24 + 2) h intervals every day for a minimum of five.consecutive days.

For prolonged repeated-exposure tests, base the number of applications, theif duration and their intervall on
the exposyre time anticipated in the clinical situation.

B.6.7 Observation of animals

At (24 £2) h after the initial application and immediately prioh to each treatment, note and record the
appearanck of the vaginal opening and perineum for signs of discharge, erythema and oedema.

Animals exhibiting excessive discharge, erythema and/oroedema, and that are found difficult to dose shall be
humanely $acrificed and the tissues examined (see B:6.8.1 and B.6.8.2).

B.6.8 Evaluation of results

B.6.8.1 Macroscopic evaluation

At (24 + 2)|h after the last dose, humanely kill the animals. Dissect free the entire vagina, open longitudinglly
and examine for signs of irritation, injury to the epithelial layer of tissue and necrosis.

Place the yagina in an appropriate fixative prior to processing for histological examination. Three sections}, to
include theg cervical, central.and caudal portions of each vagina, shall be taken.

Compare the vaginas of animals treated with the test material with the vaginas of the control animals.

Record anfd déscribe the macroscopic appearance of the vaginal tissue for each animal, noting differenges
between the*tést and control groups.

NOTE These observations can assist in the histological evaluation.

B.6.8.2 Histological evaluation

The irritant effects on vaginal tissue shall be evaluated by a pathologist. The pathologist may grade each
tissue according to the system given in Table B.3.

The grades for microscopic evaluation for all the animals in the test group are added and the sum is divided
by the number of observations to obtain a test group average. The maximum score is 16.

Repeat for the control group(s).
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A total score greater than nine for the microscopic evaluation in a control animal may indicate trauma at
dosing and may require a retest if other test or control animals exhibit similar high scores.

Subtract the control group average from the test group average to obtain the irritation index (see Table B.4).

For prolonged repeated-exposure tests, Table B.3 may need to be modified to accommodate additional tissue
responses associated with chronic irritation.

B.6.9 Test report

Thetestreportshattinciude:

a) | a description of the test samples;

b) | the intended use/application of the test samples;

c) | a detailed description of the method employed in preparing the test samples;
d) | a description of the test animals;

e) | the method of application;

f) | how the site readings were performed;

g) | arecord of the observations;

h) | the histological evaluation;

i) | assessment of the results.
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C.1 Gen

Annex C
(normative)

Human skin irritation test

eral

The following requirements apply in addition to ISO 14155-1 and ISO 14155-2 to the extent to which-they
more specffic.

C.2 Pri

A single dg
is kept to

appropriat¢ under certain circumstances.

The princig
irritation re

C.3 Des

C.3.1 Selection of human volunteers

This part g
shall be at
known sen
selection o

C.3.2 Pre

Liquid test
amount of
contact wit

preparation shall be justified. When using moistened samples, take care to ensure that each subject recei

the same 4
test and re

When vehi

ciple
se of the material to be tested is applied under occlusion to the skin of human volunteers. Irritaf

A minimum by applying the test material for short periods. Longer exposure periods can also

al means of evaluation is by determining the proportion of the iuman volunteers who develop §
ative to a reaction to a concurrent positive control material.

cription of the method

f 1ISO 10993 is designed for use with healthy human volunteers. The selected human volunte
least 18 years of age, not pregnant and not breast-feeding. In addition, human volunteers wit
sitivity to the test material or showing-any signs of dermatitis shall be excluded from the test. 1
f volunteers shall be supervised by-a dermatologist or other qualified person.

paration of doses
materials are generally used undiluted. When testing solids, moisten the test material with a s
water (typically 0,2.ml) or where necessary with another suitable vehicle in order to ensure g
h the skin. The structure of the solid shall be taken into consideration and the choice of test matg

mount of the~test material. Use the same amount of water for moistening for each individual in
Ccord thiscamount.

Cles are used, the influence of the vehicle on irritation of the skin by the test material shall be ta

are

ion
be

kin

ers
ha
'he

hall
bod
rial
ves
the

en

into accou

ht_If a vehicle other than water is used as the wetting agent for solid compounds, consider

the

application

of a blank liquid (blank) patch on each subject.

C.3.3 Procedure

C.3.3.1

At least 30

44

Number of volunteers

volunteers shall complete the test, with no less than one-third of either sex.
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C.3.3.2 Application of the test material

Apply the test material to intact skin at a suitable site, e.g. the upper outer arm, by means of an occlusive
chamber containing a gauze pad. The application site shall be the same in all volunteers and shall be
recorded. Generally, the patch shall measure at least 1,8 cm, preferably 2,5 cm in diameter. The patch shall
be held in contact with the skin by means of a suitable non-irritating dressing, including non-irritating tape, for

the

duration of the exposure period.

The patch shall deliver an adequate dose per unit area: approximately 50 mg to 100 mg test material per
square centimetre is considered optimal. When applying liquid test materials, in general 0,2 ml to 0,4 ml is

ad

ed to the gauze pad until it is moistened \When h:c’ring solid materials in gpnpml 02 g of the te

st material

are
is 1

C.3

To

pro
pro
30

oc(
ne
shg

Ap

At
an

C.3
.3

moistened and added to the gauze pad. As an alternative method of application for solids, the
hoistened and the test material covers the entire test site.

.3.3 Duration of exposure
avoid unacceptably strong reactions, a cautious approach to testing shall be adopted. A sequs

gressively starting with durations of 15 min and 30 min, and up to 1 h, 2 h, 3‘h and 4 h. The 15
min exposure periods may be omitted if there are sufficient indications.that excessive reactig
ur following the 1 h exposure. Progression to longer exposures, including 24 h closed-patch exf
v skin site, will depend upon the absence of skin irritation (evaluated up to at least 48 h) arisin
rter exposures, in order to ensure that any delayed irritant reaction is adequately assessed.

he end of the exposure period, residual test material-shall be removed, where practicable, usir
appropriate solvent, without altering the existing response or the integrity of the epidermis.

.3.4 Limited exposure
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m
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No

erial might produce severe irritation; a substantially reduced exposure time shall be employed,
ilot group of volunteers. The progress of the study can then be defined on the basis of the data
bsequent patches are only applied after the (48 = 2) h and (72 % 2) h readings.

.3.5 Clinical observation-and grading of skin reactions

atment sites are examined for signs of irritation and the responses are scored immediately
rmine reversibility of the response, the observation period may be extended beyond 72 h. In a
dition of the‘skin before and after the test shall be thoroughly described (e.g. pigmentation an

ration). SkinYirritation is graded and recorded according to the grading given in Table C.1.

n-invasive bioengineering methods may be applied (see Annex E).

blication of the material for a longer exposure period is always made to a previously untreated site.

gauze pad

ntial patch

cedure permits the development of a positive, but not severe, irritant respohse. The patches are applied

min and/or
ns will not
bosure at a
g from the

g water or

ddition to the phased increase in duration-of application as described in C.3.3.3, if it is suspected that the

possibly in
produced.

after patch

ovalandat (1@ 1)hto(2x+1)h, (24 £2) h, (48 £2) h and (72 £ 2) h after patch removal. If ngcessary to

ddition, the
d extent of

Table C.1 — Human skin irritation test, grading scale

Description of response Grading
No reaction 0
Weakly positive reaction (usually characterized by mild 1
erythema and/or dryness across most of the treatment site)
Moderately positive reaction (usually distinct erythema or 2
dryness, possibly spreading beyond the treatment site)
Strongly positive reaction (strong and often spreading 3
erythema with oedema and/or eschar formation)
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For volunteers who have a grading of 1 or greater following an exposure of less than 4 h, it is assumed that
they will present a stronger reaction if exposed to the material for 4 h. Once a grading of 1 or greater has been
obtained, there is no need to subject the reacting volunteer to further treatment with the material. Further
observations can be required for proper volunteer care. In addition to the observation of irritation, any other
effects shall be recorded and fully described. For example, volunteers shall be trained to make comments
related to the patch applications (e.g. sensory effects), and assessors shall be trained to note immediate
responses (e.g. urticaria) when the patches are removed. Such observations do not necessarily indicate an
irritant effect, but they shall be included in the test report if noted. If significant, they shall be considered in the

management of the study to ensure proper volunteer care.

The critical
after an ex
part of the

C.3.3.6 H
As human
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controls m

A routine g
materials ¢
Thus, skin
irritancy.

C.4 Data and reporting

C.4.1 Da
Data, incly

showing fd
and any ot

C.4.2 Da

The aim o
following a

is similar tg,

hand, if it g

posure up to 4 h. The time required for an individual to develop a response (if any) does not fc
results to be evaluated; it relates only to ensuring proper care of the volunteers.

Rationale for and selection of a concurrent positive control substance

5 show variation in their responses to irritants, a positive control shall be included)to determine
bf a test panel to detect irritant effects of the test compound. Preferably, 20% sodium dodg

hy be used if justified.

ositive control can be included as a benchmark. Skin irritation is not'an absolute phenomenon.
an give rise to skin irritation; it is simply a matter of dose and the nature and extent of expost
irritation tests in humans are almost always comparative and, shall be related to known chem

a

ding results with positive and negativé- control materials, shall be summarized in tabular fog
r each individual the irritation grading-at (24 +2) h, (48 £2) h and (72 + 2) h after patch remg
ner effects observed.

a evaluation/interpretation

this test is to determine’ whether a material presents a significant skin irritation potential haz
cute exposure. Thus7if the material produces a frequency of skin irritation in the test subjects wh
or greater than, the positive control, it shall be regarded as a significant skin irritant. On the of
roduces a frequency of skin irritation in the test subjects which is substantially and significantly |

than the p
data gene

the subjects that ‘exhibit an irritant reaction. It is also important not to confuse individual variation in
susceptibilfty to.skin irritation with the issue of the general skin irritation potential of the test material.

bsitive control,'then it shall not be regarded as a significant skin irritant. It is important that inte

ation
m

=]

the
cyl

S) shall be used as positive control since its irritant effects are well characterized (see F.1). Other

All
re.
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rm,
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ted in the context of volunteer care are not confused with the endpoint data, i.e. the proportion of

the

C.4.3 Test report

For the test report, the requirements of ISO 14155-1 and 1ISO 14155-2 shall be followed. For specific reporting
on the human skin irritation test, the following information shall also be included:

a) ethical considerations and confirmation of consent from the volunteers;
b) test material:
1) physical nature and, where relevant, physicochemical properties;
2) identification data;
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c) vehicle:

1)

identification of and justification for the choice of vehicle used to moisten a solid test material;

d) volunteers:

1)
2)

number of volunteers who were treated with the test material;

age/sex distribution of the volunteers;

e) rresults:

1)

2)

3)
4)
5)

6)

response rate at O h, (1£0,1)hto (2+0,2) h, (24 +2)h, (48+2)h and (72+2)hand a
times scored,;

tabulation of irritation reaction data for each individual for each obseryation time p
summarised frequency of irritant reaction rate at e.g. (24 £ 2) h, (48 £ 2) h.and (72+2) h
removal);

description of all irritant reactions observed;

description of any other effects in addition to irritation observed;

statistical treatment of the results (comparison with posifive control, e.g. using Fisher's exal
description or reference of an in vitro or in vivo animal test, if one is performed before

human volunteers, including details of the procedure, and results obtained with test ang
materials;

f) | discussion of the results.

[ any other

eriod (with
after patch

ct test);

the test in
reference
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Annex D
(informative)

In vitro tests for skin irritation

kground information

arious studies have been published on the evaluation and validation of in vitro assays. for
on of irritating activity of chemicals as an alternative for the rabbit skin irritationt test. 3
5 [101] [102] [103] [104]. In 2007, the ECVAM Scientific Advisory Committee (ESAC), évaluated
brocess of an in vitro human skin model for the determination of skin irritation of chemicals. §
[101]. After this evaluation, ESAC endorsed the following.

view of scientific reports and peer reviewed publications on the following"range of in vitro te
been subjected to a full validation study:

biDerm™ (with MTT reduction and IL-1a release)
PISKINTM (with MTT reduction and IL-1c. release)

NTM method showed evidence of being a reliable and relevant stand-alone test for predicting ra

skin irritati
on the pe
Method B.

n, when the endpoint is evaluated by MTT reduction, and for being used as a replacement (ba
rmance of the assay as specified in the annex) forithe’Draize Skin Irritation Test (OECD TG 40
of Annex V to the Directive 67/548/EEC) for the“purposes of distinguishing between R38 s

irritating anpd no-label (non-skin irritating) test substances; At the present time, the IL-1a endpoint should
regarded ds a useful adjunct to the MTT assay, as it has the potential to increase the sensitivity of the t

without re
endpoint.

At this tim
results m3g
Improveme

Both EPIS
model can
the determ

ucing its specificity. This endpoint could_be used to confirm negatives obtained with the M

B, due to its high specificity, the \EpiDerm™ model reliably identifies skin irritants, but nega
y require further testing (e.gtaccording to the tiered strategy, as described in Reference |
nt of the EpiDerm™ protocol should be made to increase the level of sensitivity.”

KINT™™ and EpiDermT™models reliably identify skin irritating chemicals, while only the EPISKIN
be used to demonstraté non-irritating (no-label) properties of chemicals. In the EPISKINT™ mo
ination of IL-1o pfeduction may be used for further confirmation of negative responses. A nega

the
bee
the
bee

Dbit
sed
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kin
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pst,
TT

ive

7).

™

lel,
ive

response ih the EpiDerm™ model needs confirmation in the rabbit skin irritation test.

In additior] to the commercially available skin models (see also D.2.2), “open source” models are 3lso
available; these are"based on the same principle of using human cells in a skin equivalent matrix. $ee
Reference([109].

|t Should b;‘ IIU?.CUI tildt ti 1< ill Vl.tlU tht fUl b;\;ll ;Il;tdﬁull ildb °>U fdl ILJCUII vaiidaicd Ulliy fUl Ilcdt bi IUIII;bdib dnd

not for medical device extracts. In order to apply these assays for the testing of irritation potential of medical
devices, further validation for this specific area is essential. Certain aspects of the testing of medical devices,
such as extraction techniques and possible low concentrations of chemicals in these extracts, can result in
adaptations of the testing protocol, such as changing extraction techniques or incubation times.

48
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D.2 Principle of the in vitro skin irritation tests

D.2.1 General

The principle of the in vitro skin model irritation assay is based on the premise that irritant chemicals are able
to penetrate the stratum corneum by diffusion and are cytotoxic to the cells in the underlying layers. Moreover,
if the cytotoxic effect is absent or weak, a quantifiable number of inflammatory mediators are released by the
epidermis and may be used in a tiered approach to increase the sensitivity of the test.

The test material is applied topically to a three-dimensional human epidermal model, comprised of at least a
redonstructed epidermis with several epidermal cell Tayers and a funciional stratum corneum.

Irrifant materials are identified by their ability to decrease cell viability below defined-threshold levels

(e.g. 50 %). As an additional measure of skin irritation, release of inflammatory mediators-(e.g. Inte

rleukin 10

can be determined.
In the validation studies, carefully selected chemicals representing a wide spectrum‘of chemical classes were
included for the validation of the invitro human skin model test system for skin irritation. See

Re
exd

D.:

Hu

Labcyte EPI-MODEL) or be developed or constructed in_thetesting laboratory. Any new model

val
epi
shd

erences [102] [103] [104]. The method is expected to be generally applicable across chemic
ept for gases and aerosols.

.2 General model characteristics
man skin models can be obtained commercially (e.g. EpiDerm™, EPISKINTM, Vitrolife-Skin, T
dated and compared with existing models. Human “Keratinocytes should be used to co

helium. Multiple layers of viable epithelial cells (basal layer, stratum spinosum, stratum g
uld be present under a functional stratum corneum. Stratum corneum should be multilayered

al classes,

[ESTSKIN,
should be
hstruct the
anulosum)
containing

the] essential lipid profile to produce a functional batrier with robustness to resist rapid penetration ¢f cytotoxic
marker chemicals, e.g. sodium dodecyl sulphaté(SDS) or Triton X-100. This property may be egtimated by
the| determination of IC5, or ETj, after application of an established cytotoxic marker chemical. The
containment properties of the model should prevent the passage of material around the stratum ¢orneum to
the] viable tissue, which would lead to poormodelling of the exposure to skin.

Forr general characterization of @ new skin or epidermal model, histological evaluation (H&B staining),
ideptification of the keratins~immune histochemistry) and lipid profiling [high performance |thin layer
chromatography (HPTLC)] should be preformed. See Reference [110].

The¢ skin model should be free of contamination by bacteria, mycoplasma or fungi.

D.2.3 Functional.model requirements

D.2.3.1 General

The¢ functional model conditions are described in Reference [105]. The following criteria are appligable to the

use ofthe in vitro skin irritation test

D.2.3.2 Viability

The magnitude of viability is usually quantified by using MTT or other metabolically converted vital dyes. In
these cases the optical density (OD) of the extracted (solubilized) dye from the negative control tissue should
be at least 20 fold greater than the OD of the extraction solvent alone. The OD of the negative control tissues
should preferably be above 0,8. It should be documented that the negative control tissue is stable in culture
for the duration of the test. This can be done by performing the viability assay at various time points during the
test period. The measurements should provide similar viability for each time point.
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D.2.3.3 Barrier function

The stratum corneum (SC) and its lipid composition should be sufficient to resist the rapid penetration of
cytotoxic marker chemicals, e.g. SDS or Triton X-100. This property can be estimated either by determination
of the concentration at which a marker chemical reduces the viability of the tissues by 50 % (IC5;) after a fixed
exposure time, or by determination of the exposure time required to reduce cell viability by 50 % (ET5g) upon
application of the marker chemical at a specified, fixed concentration. The ETz, of a sufficiently functional SC
should be above 2 h.

D.2.3.4 Morphology

An ongoin* histological examination of the reconstructed skin/epidermis should be performed, showing hun|1.an
skin/epidenmis-like structure (including functional SC). This information can be provided by the manufactyrer
of the skin|construct.

D.2.3.5 Reproducibility
The result$ of the method using a specific model should demonstrate reproducibility ‘over time. The mddel

shall be capable of demonstrating correct prediction of reference chemicals over an extended time period ($ee
Table D.1)

Table D.1 — Examples of QC batch release criteria

D.2.3.6 (

Each batch
viability an

ICgy or thg¢ ETgy shall be established by the skin model supplier (or investigator when using an in-ho

model). Or

(1 % Triton X100)

Lower acceptance Mean of Upper acceptance
limit acceptance range limit
™
ﬁ?ﬁKSTS) ICgo=1,0mg/ml | 1C5,2232 mg/ml | ICgo=3,0 mg/ml
EpiDerm™
ETsp=4,8h ETs0=6,7h ETs0=8,7h

Ruality controls (QC) of the model

of the epidermal model used.shall meet defined production release criteria, among which those
d for barrier function are the)most relevant. An acceptability range (upper and lower limit) for

ly results produced with)qualified tissues can be accepted for reliable prediction of irritation effe

for
the
se
Cts.

As an exarpple, the acceptability ranges for EPISKINT™ and EpiDerm™ are given in D.3.

D.3 Test material

The test materialmay be composed of solids, liquids, semisolids and waxes. The liquids may be aqueoug or
non-aqueops; solids may be soluble or insoluble in water. Solids should be ground to a powder befpre
application[_ne other prior treatment of the sample is required. For medical devices or biomaterial exiracts,
both in polar and non-polar solvents could be used.

A negative reference control and a positive reference control should be tested concurrently with the test
substances to demonstrate that viability (negative reference control), barrier function and resulting tissue
sensitivity (positive reference control) of the tissues are within a defined historical acceptance range. For a
listing of positive control substances, see Reference [105].

A non-irritating negative control (NC) (e.g. PBS, water or blank) shall be tested concurrently with the test
substance. The negative control tissues should be stable in culture and provide similar viability measurements
throughout the test chemical exposure and post-incubation periods. A minimum viability (e.g. expressed as
absolute OD of the vital dye) shall be established as a test acceptance criterion. In general, such a negative
control should have an OD above 0,8.
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An appropriate positive control (PC) should be used in the assay (e.g. 5 % SDS) to avoid complete “knock-
out” of the model. The range of responses to the PC shall be developed and based on data obtained in a
sufficient number of independent experiments. In each assay, the positive control shall be correctly classified
as irritant, be within the established range of responses, and the standard deviation of the three tissue
replicates shall be below a defined maximum. If these criteria are not fulfilled, the assay is declared not valid
and should be repeated. Typical ranges for two skin models used in the ECVAM skin irritation validation study
(EPISKIN™ and EpiDerm™™) are given in Table D.2.

Table D.2 — Example for range of model responses to a positive control (5 % SDS)

Skin model Viability Range SD
EPISKIN™ <40 % 1,510 32,2 (1,3 to 41,6)2 <18 %
EpiDerm™ <20 % 3,7t0 13,8 (4,7 to 13,6)? <18 %
@ 95 % confidence interval.

D.4 Test procedures

The tissue constructs are cultured in tissue culture medium according to protocols as provided by the
manufacturer. If the tissues have been transported, care should be taken to apply the recpmmended
prgcedures for conditioning before the use of the tissues in the laboratory.

At |east three tissue replicates of sufficient size (at least 10 mim diameter, 0,63 cm2) should be incybated with
the| test samples and controls. The test samples and controls should be incubated with the skin copstructs for
at [east (15 = 5) min.

A gufficient amount of test substance should be @pplied to uniformly cover the skin surface. A minimum of
25 jl/em?2 or 25 mg/cm?2 should be used. Solid\substances should be moistened with deionized |or distilled
water after application to ensure good contact with the skin. If appropriate, solids should be gfound to a
powder before application.

After (15 + 5) min of incubation, the\test samples are removed by thorough washing and rinsipg with an
appropriate buffer or 0,9 % NaClsThe washing and rinsing procedure should be adequate to rempve all test
matterials. The tissues are furtherincubated in fresh medium for (42 + 2) h as a post exposure recoyery period
which allows for recovery from,weakly irritant effects. After (42 = 2) h, cellular survival is determined,

NOJTE It is importantie,réalize that extracts of medical devices can contain low concentrations of irritating chemicals.
It cén therefore be necessary to adapt the exposure period.

Only quantitativedmethods can be used to measure cell viability. Furthermore, the measure of viaHility should
be [compatible,with use in a three-dimensional tissue construct. Non-specific dye binding should npt interfere
with the viability measurement. Protein binding dyes and those that do not undergo metabolic convérsion (e.g.
neytral.red) are therefore not appropriate.

Thé is 3-(4-5-dime iazo 5-diphenyltetrazoliv bromide,
Thiazolyl blue; CAS number 298-93-1)] reduction, which has been shown to give accurate and reproducible
results. The skin sample is placed in MTT solution of appropriate concentration (e.g. 0,3 mg/ml to 1 mg/ml) for
3 h. The precipitated blue formazan product is then extracted using a solvent (isopropanol), and the
concentration of formazan is measured by determining the OD at a wavelength between 540 nm and 595 nm.

NOTE 1 Chemical interaction of the test material with the vital dye can mimic that of cellular metabolism, leading to a
false estimate of viability. This can occur when a test material is not completely removed from the skin by rinsing. If the
test material acts directly on the vital dye, additional controls should be used to detect and correct for test substance
interference with the viability measurement.

NOTE 2 Other variants of the use of tetrazolium salts for the detection of cellular metabolism as a measurement for cell
viability are available, such as XTT, MTS and WST-1.
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In addition to cellular survival in the skin constructs, Interleukin 100 can be determined as a complementary
endpoint, especially in the EPISKIN™ model. For epidermis tissues showing a cell viability > 50 %, the
amount of IL-1a released into the tissue culture medium at the end of the post incubation period [after
(42 £ 2) h post-incubation] is measured in the medium (immediately or frozen) using a commercially available
ELISA kit, see Reference [107]. The amount of IL-1o should be expressed in international units.

D.5 Results and interpretation

The optical density (OD) values obtained with each test sample can be used to calculate the percentage of

viability col
distinguish
results ang

The test s
viability aft
Although |
results fror
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In the EPI
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the mediun

The test s
(42+2)h

The test s
(42+2)h

In the EpiC
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a)

b)

c)

d)

e)
f)
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h)
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’ 0.
ng irritant from non-irritant test materials and the statistical procedure(s) used to evaluate
identify irritant materials should be clearly defined and documented, and proven to be appropri

ibstance is considered to be irritant to skin if in the EPISKIN™ or EpiDerm™ model the tis
br exposure and post incubation is < 50 %.

L -100 might be useful to acquire additional information on the irritant potential “of chemicals, g
n the MTT assay are currently used for considering a test sample an irritant. ‘Further investigati
ng to improve the reproducibility of the IL-1o assay to allow combination of two endpoints
diction of irritancy.

SKIN™ model for tissues showing a cell viability > 50 %, the @mount of IL-1a released into

re medium at the end of the post incubation period [after (42+.2) h post-incubation] is measure
n (immediately or frozen).

bf post incubation is more than 50 %, and the amount of IL-1¢. release is more than 9 1U/ml.

bf post incubation is more than 50 %, and the amount of IL-1c release is < 9 IU/ml.

erm™ model a negative response needs confirmation in the rabbit skin irritation test.

report
port shall include the fellowing information:
ation of the skin modéel and protocol used;

btion of test ‘samples and control samples including chemical name(s) such as IUPAC or Q
and CAS number, if known;

and.composition of the substance or preparation [in percentage(s) by weight];
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Libstance is considered to be an irritant to skin if the,viability after (15 % 5) min of exposure and

Ibstance is considered to be non-irritant to skin if the viability after (15 £ 5) min of exposure and

AS

aloabhaoam |l ctot e oll ctobilit alavani ta.

the

physi

ealnranarrticaa-cueoh aoc nhyucina malatility H IWER Y V7-X PN~ SP-0-N ' ~¢1 I TV
arrCrCT OO PTOPCTIC S SUCIT aS Py SToaT State; VOTAtHITY ;- PTT,;, Staoty 5 watCT SOTTOOTty oo vartt to

conduct of the study;

treatm

ent of the test/control substances prior to testing, if applicable (e.g. warming, grinding);

stability, if known;

cell system used;

calibration information for the equipment used for the measuring device used for measuring cell viability

(e.g.s

pectrophotometer);
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i) complete supporting information for the specific skin model used including its validity;
j)  details of the test procedure used;

k) test doses used;

[)  description of any modifications of the test procedure;

m) reference to historical data of the model;

n) descrintion-of-evaluationcriteria-sed-
o HpHER-O+-8YattaHoR-cHeHa T

0) | assessment of results, including tabulation of data from individual test samples and walidity of assay
controls;

p) | description of other effects observed;
q) | discussion of the results;

r) | conclusions.
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