INTERNATIONAL ISO
STANDARD 10993-5

Third edition
2009-06-01

Biological evaluation of medical
devices —

Part 5:
Tests for in vitro cytotoxicity

Evaluation biologique des dispositifs médicaux —

Partie 5: Essais concernant la cytotoxicité in vitro

_— Reference number
= — ISO 10993-5:2009(E)

© SO 2009



ISO 10993-5:2009(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2009

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax +41 22749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © ISO 2009 — All rights reserved



ISO 10993-5:2009(E)

Contents Page
o] =NV o iv
L e Yo 11 o) T vi
1 T o - TSR PRR 1
2 Lo B LAY = =] =Y =Y 4 Lo Y 1
3 Terms and definitioNsS........coooi i 1
4 Sample and control Preparation.............ccccceriiiiiiccssmerrr s rsser e e n e nn e e e e s e s ne e e neean 2
41 L= o = 2
4.2 Preparation of liquid extracts of material...........ccccriiiiccciiii e ———————— 3
4.3 Preparation of material for direct-contact tests ... e 4
44 Preparation Of CONLIOIS ... e s mmn e e e e s smme e e e e e s nnnn 5
5 LY | 1] 4o 5
6 LT B = 4 =T o T T o P 5
7 Preparation of cell StOCK CUILUIe ... e 6
8 QLIS o] e = [T = 6
8.1 LV LU T 0] o L= e =Y o [ o= (Y SO 6
8.2 TeSt ON EXLFACES ... annne 6
8.3 B =53 31 Ve L= o2 e e 41 Ve 7
8.4 B =53 38 <V L e L= e A oo 1 U 7
8.5 Determination of CYtOtOXICItY ......cccceciiiiiii e mmn e e e s nnn 9
9 =52 98- o T 10
10 ASSESSMENt Of FESUILS.......ooeiiiie s s e e e e e e e s e e e e e e e e nnan 11
Annex A (informative) Neutral red uptake (NRU) cytotoxicity test..........cccconnivmmiiniiiininni s 12
Annex B (informative) Colony formation cytotoxicity test..........cccccmiiiiiiiiinnic 19
Annex C (informative) MTT cytotoXicity test ........ccccvviiiiiiiiiii 24
Annex D (informative) XTT cytotoXicity test.........ccovomiiiiiiiiiiii 29
=71 0T 1o o - o /2N 34

© IS0 2009 — All rights reserved iii



ISO 10993-5:2009(E)

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-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. 1ISO shall not be held responsible for identifying any or all such patent rights.

ISO 10993-5 was prepared by Technical Committee ISO/TC 194, Biological evaluation of medical devices.

This third edition cancels and replaces the second edition (ISO 10993-5:1999) which has been technically
revised.

ISO 10993 consists of the following parts, under the general title Biological evaluation of medical devices:
— Part 1: Evaluation and testing within a risk management process

— Part 2: Animal welfare requirements

— Part 3: Tests for genotoxicity, carcinogenicity and reproductive toxicity

— Part 4: Selection of tests for interactions with blood

— Part 5: Tests for in vitro cytotoxicity

— Part 6: Tests for local effects after implantation

— Part 7: Ethylene oxide sterilization residuals

— Part 9: Framework for identification and quantification of potential degradation products

— Part 10: Tests for irritation and skin sensitization

— Part 11: 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]

© 1SO 2009 — All rights reserved \



ISO 10993-5:2009(E)

Introduction

Due to the general applicability of in vitro cytotoxicity tests and their widespread use in evaluating a large
range of devices and materials, it is the purpose of this part of ISO 10993, rather than to specify a single test,
to define a scheme for testing which requires decisions to be made in a series of steps. This should lead to
the selection of the most appropriate test.

Three categories of test are listed: extract test, direct contact test, indirect contact test.

The choice of one or more of these categories depends upon the nature of the sample to be evaluated, the
potential site of use and the nature of the use.

This choice then determines the details of the preparation of the samples to be tested, the preparation of the
cultured cells, and the way in which the cells are exposed to the samples or their extracts.

At the end of the exposure time, the evaluation of the presence and extent of the cytotoxic effect is undertaken.
It is the intention of this part of ISO 10993 to leave open the choice of type of evaluation. Such a strategy
makes available a battery of tests, which reflects the approach of many groups that advocate in vitro biological
tests.

The numerous methods used and endpoints measured in cytotoxicity determination can be grouped into the
following categories of evaluation:

— assessments of cell damage by morphological means;

— measurements of cell damage;

— measurements of cell growth;

— measurements of specific aspects of cellular metabolism.

There are several means of producing results in each of these four categories. The investigator should be
aware of the test categories and into which category a particular technique fits, in order that comparisons be
able to be made with other results on similar devices or materials both at the intra- and interlaboratory level.

Examples of quantitative test protocols are given in annexes. Guidance for the interpretation of the results is
given in this part of ISO 10993.
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Biological evaluation of medical devices —

Part 5:
Tests for in vitro cytotoxicity

1 Scope
This part of ISO 10993 describes test methods to assess the in vitro cytotoxicity of medical devices.

These methods specify the incubation of cultured cells in contact with a device and/or extracts of a device
either directly or through diffusion.

These methods are designed to determine the biological response of mammalian cells in vitro using
appropriate biological parameters.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 10993-1, Biological evaluation of medical devices — Part 1: Evaluation and testing within a risk
management system

ISO 10993-12, Biological evaluation of medical devices — Part 12: Sample preparation and reference
materials

3 Terms and definitions

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

31

culture vessels

vessels appropriate for cell culture including glass petri dishes, plastic culture flasks or plastic multiwells and
microtitre plates

NOTE These can be used interchangeably in these methods provided that they meet the requirements of tissue
culture grade and are suitable for use with mammalian cells.

3.2

positive control material

material which, when tested in accordance with this part of ISO 10993, provides a reproducible cytotoxic
response
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