PD ISO/TR 22019:2019

BSI Standards Publication

Nanotechnologies — Considerations for performing
toxicokinetic studies with naromaterials

bsi.


https://www.stdhive.com/standards/bs-pd-isotr-109462019-pdf/

PD ISO/TR 22019:2019

PUBLISHED DOCUMENT

National foreword
This Published Document is the UK implementation of
ISO/TR 22019:2019.

The UK participation in its preparation was entrusted to Technical
Committee NTI/1, Nanotechnologies.

Alist of organizations represented on this committee can be obtained or
request to its secretary.

This publication does not purport to include all the necessary provisions
of a contract. Users are responsible for its correct application.

© The British Standards Institution 2019
Published by BSI Standards Limited 2019

ISBN 978 0 580 97439 7
ICS 07.120

Compliance with a British Standard ca. not confer immunity from
legal obligations.

This Published Document was publis. < 2=nder the authority of the
Standards Policy and Strategy Coramittee on 31 August 2019.

Amendments/corrigenda issued since publication

Date Text afi 2cted



https://www.stdhive.com/standards/bs-pd-isotr-109462019-pdf/

TECHNICAL
REPORT

PD ISO/TR 22019:2019

ISO/TR
22019

First edition
2019-05-24

Nanotechnologies — Consileralions
for performing toxicokineatic studies

with nanomaterials

Nanotechnologies - Considératicxns ycr v Zaliser des études toxico

cinétiques de nanomatériaux

—
IS0

S —

Reference number
ISO/TR 22019:2019(E)

©1S0 2019


https://www.stdhive.com/standards/bs-pd-isotr-109462019-pdf/

PD ISO/TR 22019:2019
ISO/TR 22019:2019(E)

COFYRIGHT PROTECTED DOCUMENT

© IS0 201 Pubiished in Switzerland

All richts -eserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or-hy (ny means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior

vri“cen permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
t. 2 requester.

ISO copyright office

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47
copyright@iso.org

www.iso.org

ii © IS0 2019 - All rights reserved


https://www.stdhive.com/standards/bs-pd-isotr-109462019-pdf/

PD ISO/TR 22019:2019

ISO/TR 22019:2019

Contents Page
FFOTE@WOIM ..........ooooooeoeeeeee oo sk iv
IIMEIOAUCTION.......ooooo e85 v
1 S0P ... 1
2 NOIMATIVE TEEETEIICES ...........oooooooeoeee oo 1
3 Terms and definitions %
4 Abbreviations
5 Importance of toxicokinetic information for risk assessment of nanomateria’s... ................. 3

5.1 [0 T=) 4 1) = USRS 3

5.2 Possible use of toxicokinetic information . 4

5.3 Key toxicokinetic issues for nanomaterials. ... G e 5
6 Factors influencing the toxicokinetics of nanomaterials

6.1 DISSOIULION TALE .....oooooeeeeeeee e e

6.2 Physical chemical properties determinant for toxicokinetic behavic:
7 Analytical Chall@NEEsS ... s et

7.1 General

7.2 Analysis of element

7.3 Analysis of element radiolabel or fluorescence 1abel. ... 11

7.4 Determination of particles

7.5 LMt Of A@TECTION ....occcoooe s e
8 Issues relevant for doSing CONAITIONS ... 13

8.1 (07) 1 1<) = FS

8.2 DIOSE TNETTICS. ...t e et
9 Absorption of nanomaterials

9.1 [0 T<) 4 1) = OO

9.2 Skin 15

9.3 GastrointeStinal (GI) T Cu i oo 16

9.4 RESPITATOTY TTACT ... 1ot it st 18
10 Distribution

10.1

10.2

10.3

11 Metabolism/ae radation

12 Excretion

13 Conclesioss

Annex A (intormative) Definitions as used in OECD Test Guideline 417:2010 ... 29
Annex E (informative) Quantitation methods for nanomaterials, advantages and challenges.......... 32
TRIDAINEIA VY e 39

© 1S0 2019 - All rights reserved iii


https://www.stdhive.com/standards/bs-pd-isotr-109462019-pdf/

PD ISO/TR 22019:2019
ISO/TR 22019:2019

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.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fo. the
different types of ISO documents should be noted. This document was drafted in accordance wich ti.2
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be 1.2 suuject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Intrcduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the conveniri.ze c“users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the mcaning of ISO specific terms and
expressions related to conformity assessment, as well as inform~tio. about ISO's adherence to the
World Trade Organization (WTO) principles in the Technica! Bearriess to Trade (TBT) see www.iso.
org/iso/foreword.html.

This document was prepared by Technical Committee ISO' TC 223, Nanotechnologies.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at ww\ n.isc.org/members.html.
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Introduction

Nanomaterials (NMs) are a family of chemicals that, like any other chemicals, can exert a range of
toxicities. Toxicokinetics can support the safety evaluation of compounds including NMs by identifying
potential target organs, and especially for NMs, the potential for persistence in organs (including
cellular uptake and compartmentalization). Also, toxicokinetic information can be used to evaluate if
a NM behaves differently from a similar NM or bulk material with the same chemical composition, e.g.
with regard to barrier penetration. As for all studies with NMs, a proper characterization of the NXi
dispersions or aerosols used in the toxicokinetic studies is essential.

Importance of toxicokinetic information for risk assessment (of nanomaterials)

Toxicokinetics describes the absorption, distribution, metabolism and excretion (ADMT%) «f foreign
compounds in the body with time. It links the external exposure with the internal dos> ai.d is thus a
key aspect for toxicity. If a NM is absorbed by the body through any of the poter ciai exp sure routes
(oral, respiratory, dermal) it can enter into the blood or lymph circulation. Subscaueuc distribution
to internal organs determines potential target tissues and potential toxicity.-Alternatively, NMs can
be intravenously administered (e.g. as nanomedicine) thus directly entering the blood circulation,
potentially resulting in wide spread tissue distribution. Toxicokinetics the-eforc aids in the design of
targeted toxicity studies and in identifying potential target organs and tan t.us-also provide relevant
information for justification or waiving of toxicity studies. In additian, texicukinetic information can be
useful as basis for grouping and read-across of NMs. Risk assessments has :d on internal concentrations,
determined using toxicokinetic information, can be more realistic than risk assessments based
on external doses, as nanoparticles (NPs) can show specific. iscue distribution and accumulation.
Toxicokinetic studies can be used to build toxicokinetic moazls, especially physiologically based
pharmacokinetic (PBPK) models, which then can be used > es trapolate experimental toxicity data to
other species, tissues, exposure routes, exposure dura.ion. and doses. Due to the accumulation of some
NPs, the ability to extrapolate to longer exposure dwuraticas is of special importance for NMs.

Why a technical report specifically for nanomaterials?

A considerable body of published literative, inciuding many national and international guidelines,
exists on the use of toxicokinetic method= t2 scudy the fate of chemicals in the body. In addition, OECD
Test Guideline (TG) 417 on Toxicokins tirs (latest update dated 2010) gives an extensive description for
evaluation of the toxicokinetic prefile of chemicals but excludes NMs specifically. ISO 10993-16:2017
Biological evaluation of medical a~vices — Part 16: Toxicokinetic study design for degradation products
and leachables, provides an svor 7iew for toxicokinetic studies for leachables of medical devices.
Furthermore, the Europea *redicines Agency’s ICH S3A (Toxicokinetics: A Guidance for Assessing
Systemic Exposure in Toxicology Studies) and ICH S3B (Pharmacokinetics: Repeated Dose Tissue
Distribution Studies) cive guidance on the design and conduct of toxicokinetic studies to assist in the
development of new: dru,s.

Guidelines alsoexist vn toxicokinetic modelling, especially the development and application of
physiologicali -baced pharmacokinetic (PBPK) models. For example, the United States Food and
Drug Admirn‘strution’s Draft Physiologically Based Pharmacokinetic Analyses — Format and Content
Guidance for Industry, provides the standard content and format of PBPK study reports while the United
Statec Eovironmental Protection Agency’s Approaches for the Application of Physiologically Based
Pha.macckinetic (PBPK) Models and Supporting Data in Risk Assessment, addresses the application
ard evaluation of PBPK models for risk assessment purposes. The European Medicines Agency (EMA)
1as published a “Guideline on the qualification and reporting of physiologically based pharmacokinetic
(PBPK) modelling and simulation” in 2016[1]. WHO has published the “Characterization and application
of physiologically based pharmacokinetic models in risk assessment”[2].

As stated, the current OECD toxicokinetics TG 417 explicitly states that the guideline is not intended
for the testing of NMsl[3], as the toxicokinetics of NMs are different from dissolved ions/molecules and
large particles. This was confirmed in a report on preliminary review of OECD Test Guidelines for their
applicability to NMs[4]. Additionally, the PBPK models described in the current and mentioned guidance
documents are not suitable for NMs, as the processes governing the distribution of NPs is different from
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those of the dissolved (molecular/ionic) substances addressed by the current guidance documents (e.g.
Reference [5]).

New guidelines or specific additions to existing guidelines about the case of NMs are thus necessary.
A review of the current knowledge on the specific toxicokinetic characteristics of NMs and the issues
around toxicokinetic testing is a practical preparative step to ensure the best possible understanding of
testing needed to obtain relevant information on toxicokinetics of NMs.

How are nanomaterials different from dissolved ions/molecules and large particles?

Nanomaterials (NMs) present a unique family of chemicals that, by their particulate nature and
reduction in size, acquire specific physical chemical properties not present for their bulk or soluble
counterparts, that might or might not be accompanied by specific toxicity as discussed previous'v in
many reports (e.g. References [6], [7], [8], [9], [10]).

Toxicokinetics of NPs is of special interest because, in comparison to larger sized particies; the ~mall
size of NPs could enable an increased rate of translocation beyond the portal of entry, to t. e ly.zphatic
fluid and blood circulation, from where they can reach potentially all internal organs[11]. li;-addition,
smaller sized NPs can show a more widespread organ distribution than larger sized particles[12]. For
the same reason, transport across barriers such as the blood-brain barrier and plecenca can occur (e.g.
References [13] and [14]).

Other notable differences between the toxicokinetic behaviour of dissolvea :1ole sular/ionic substances
and NMs can be understood within the context of the principles that govern the 1osorption, distribution,
metabolism and excretion (ADME) of a substance. For disso.e(. molecular/ionic substances,
toxicokinetics is driven by 1) passive transport, which includes simp:> diffusion and filtration or 2)
special transport, which includes active transport, carrier-meciate 1 trensporter systems and facilitated
diffusion through cellular membranes, enzymatic metabolisi~ ai.d passive or active excretion. For NMs,
toxicokinetics involves aggregation, agglomeration, protein ccrona formation, active cellular uptake,
distribution through macrophages, and for certain NMs d\:gradation, and excretion[13]. In addition, the
surface chemistry/composition affects the toxicokinetics ¢ iVPs by its potential of binding a variety
of biomolecules on the surface (also designated th= “protein” corona). As excretion is often limited,
bioaccumulation can occur similar to other poorl~ni=tanolized molecules. Thus, the requirements for
the testing and modelling of the toxicokinetics o1 Nwis can differ significantly from those identified
for dissolved substances. In this respect, esherially the potential for accumulation and persistence in
organs needs to be evaluated, for example:in . »r:ated dose and prolonged toxicokinetic studies.
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Nanotechnologies — Considerations for performing
toxicokinetic studies with nanomaterials

1 Scope

This document describes the background and principles for toxicokinetic studies relevant for
nanomaterials.

Annex A shows the definitions for terminology with respect to toxicokinetics as u.=d ‘n OECD
TG 417:2010.
2 Normative references

There are no normative references in this document.

3 Terms and definitions

For the purposes of this document, the terms and definit ons given in the ISO 80004 series
Nanotechnologies Vocabulary and the following apply.

ISO and IEC maintain terminological databases for use ir. stondardization at the following addresses:
— SO Online browsing platform: available at http:,’/w\ w.iso.org/obp

— IEC Electropedia: available at http://www.electi cpedia.org/

31

agglomerate

collection of weakly or medium strorig:; buund particles (3.12) where the resulting external surface
area is similar to the sum of the surfa. = ar eas of the individual components

Note 1 to entry: The forces holdiro ar. agglomerate together are weak forces, for example van der Waals forces or
simple physical entanglement.

Note 2 to entry: Agglomer-tes a.¢ also termed secondary particles and the original source particles are termed
primary particles.

[SOURCE: ISO 26824:.713, 1.2]

3.2

aggregate

particle (3.12) comprising strongly bonded or fused particles where the resulting external surface area
isssignificantly smaller than the sum of surface areas of the individual components

Ivate L to entry: The forces holding an aggregate together are strong forces, for example covalent or ionic
honls, or those resulting from sintering or complex physical entanglement, or otherwise combined former
primary particles.

Note 2 to entry: Aggregates are also termed secondary particles and the original source particles are termed
primary particles.

[SOURCE: ISO 26824:2013, 1.3, modified — Note 1 adapted.]
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