PD ISO/TS 18827:2017

Nanotechnologies — Electron spinresonance (ESR)
as a method for measuring reac’ive oxygen species
(ROS) generated by metal oxia= nanomaterials

bsi.


https://www.stdhive.com/standards/bs-pd-isots-188272017-pdf/

PD ISO/TS 18827:2017

PUBLISHED DOCUMENT

National foreword
This Published Document is the UK implementation of
[SO/TS 18827:2017.

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

A list of organizations represented on this committee can be obtained on
request to its secretary.

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

© The British Standards Institution 2017
Published by BSI Standards Limited 2017

ISBN 978 0 580 83155 3
ICS 07.120

Compliance with a British Standard ca »10v confer immunity from
legal obligations.

This Published Document was publi_h 4. under the authority of the
Standards Policy and Strategy Ceinmitcee on 31 July 2017.

Amendments/corrigenda 1-sucd since publication

Date Te. t af’ected



https://www.stdhive.com/standards/bs-pd-isots-188272017-pdf/

PD ISO/TS 18827:2017

TECHNICAL ISO/TS
SPECIFICATION 18827

First edition
2017-06

Nanotechnologies — Electr on spin
resonance (ESR) as a methoa for
measuring reactive oxyvgaen species
(ROS) generated by m=t.l oxide
nanomaterials

Nanotechnologies — Résoncn ~=naramagnétique électronique (RPE)

pour la mesure des espéres réastives de l'oxygene (ROS) générées par
des nanomatériaux scus arr ie d’oxyde métallique

Reference number
ISO/TS 18827:2017(E)

©1S0 2017



https://www.stdhive.com/standards/bs-pd-isots-188272017-pdf/

PD ISO/TS 18827:2017
ISO/TS 18827:2017(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

WwWw.iso.org

ii © ISO 2017 - All rights reserved


https://www.stdhive.com/standards/bs-pd-isots-188272017-pdf/

PD ISO/TS 18827:2017

ISO/TS 18827:2017(E)
Contents Page
FOT@WOT .........oocccc e85 55858555555855 8 5555 \%
I OUQUICION.......coc st vi
1 S0P ... 1
2 NOIIMATIVE FEERTEIICES .........cccooi et 1
3 Terms, definitions and abbrevIiations ... #
3.1 Terms and definitions RN
3.2 2N 0] 0] 174 = () 01O .2
4 S0 0 1101 1. 3OO S
4.1 LT3 0= - OO . A
4.2 Spin trapping MEthod ... e s
421 General
4.2.2 DIMPO oo e o
4.2.3 BMPO o e
O 1 S
4.3 Positive control for generating free radicals
4.3.1  Fenton reaction[14]. ...
4.3.2  Hypoxanthine-xanthine oxidase system/[15]
4.3.3  Rose bengal photosensitization[L1O][17] ...« ...
REAGEIIES ...t e 4
APPATARUS ...ttt L ] e 4
7 SAIMPIITIG .. e et
7.1 Preparation of test sample (metal oxie nar.omaterial suspension)
7.2 Preparation of solution for generating *h~ hydroxyl radical...........cocen
721 F@S04 SOIUTION ....ooooooeoeeeeeeee oo
222N § G X 0 130 11 L T} o
7.3 Preparation of solution for generating the superoxide anion radical........
7.3.1  Phosphate Buffor s
7.3.2  Hypoxanthine . 51ufion ...
7.3.3  Xanthine cxiuse solution
7.4  Preparation of selut on ror generating the singlet OXygen.......ci
7.5 Preparation 01 S Jin LraPPINg QZEMNT ...
751  GeNeE Al
7.5.2  Di'PO stock solution
7.5.3.0 £MFO stock solution
7.5.4  TCstock solution ...
7.6 M2action o f test sample and spin trapping agent.
A T €Y U =) OSSO
7.5.2  DMPO reaction
7.6.3  BMPO reaction
7.6.4  TPCreaction
7. Reaction of positive control and spin trapping agent. ...
7.7.1  DMPO radical adduct form (DMPO/OH).......
7.7.2  BMPO radical adduct form (BMPO/OOH)..
7.7.3  TPCradical adduct form (TPC/103).............
7.8 Preparation of the standard sample for spin calculation
8 IIBETEEI@INCES .......cocco e
8.1 Sampling
8.2 Sampling time
9 PIOCEAUIE. ... 8
9.1 LT3 1<) - OO 8
9.2 INJECEION OF SAMIPLE ..o 9

© 1S0 2017 - All rights reserved iii


https://www.stdhive.com/standards/bs-pd-isots-188272017-pdf/

PD ISO/TS 18827:2017

ISO/TS 18827:2017(E)
9.3 ESR ME@ASUTEINIEIIE .....oooo ettt 10
10 EXAMIPIES OF T@SUIES ..ot 16
TO. T DIMPO /OH e 16
10.2 BMPO/OOH ..ot 16
T0.3 TP/ L2 e 16
L0.4  TEMPOL .ot 17
BIDIIOZTAPIY ... 18

iv © ISO 2017 - All rights reserved


https://www.stdhive.com/standards/bs-pd-isots-188272017-pdf/

PD ISO/TS 18827:2017
ISO/TS 18827:2017(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 <
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenanc~ 1re
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria necded for the
different types of ISO documents should be noted. This document was drafted in accordance with the
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 riicv be che subject of
patent rights. ISO shall not be held responsible for identifying any or all such natent .ights. Details of
any patent rights identified during the development of the document will be in ti:e Introduction 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 th~ cz.veii<nce of users and does not
constitute an endorsement.

For an explanation on the voluntary nature of standards, th: meaning of ISO specific terms and
expressions related to conformity assessment, as well as_infc ‘mation about I1SO’s adherence to the
World Trade Organization (WTO) principles in the Technical Berriers to Trade (TBT) see the following
URL: www.iso.org/iso/foreword.html.

This document was prepared by Technical Commit_.ee ISC/TC 229, Nanotechnologies.
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Introduction

Recently, the use of metal or metal oxide-based nanomaterials has dramatically increased in biomedical
and industrial applications. However, the scientific basis for the cytotoxicity and genotoxicity of most
manufactured nanomaterials are not fully understood. An important mechanism of nanotoxicity is
the generation of reactive oxygen species (ROS). The study on the hazardous effects of metal oxide
nanomaterials is still in its initial stage. The ability to generate ROS is one main source of toxicity of
metal oxide nanomaterials. Overproduction of ROS can induce oxidative stress, resulting in cells failing
to maintain normal physiological redox-regulated functions. This in turn may lead to DNA damage,
unregulated cell signalling, change in cell motility, cytotoxicity, apoptosis and cancer initiation. There
are critical determinants that can affect the generation of ROS. The critical determinants include size,
shape, particle surface, surface positive charges, surface-containing groups, particle dissolutior. maotal
ion release from nanometals and nanometal oxides, UV light activation, aggregation, mode of intera-tio:
with cells, inflammation and pH of the mediuml[ll. Thus, to detect and quantify ROS formation an the
surface of metal oxide nanomaterials, this document suggests the electron-spin-resonance | "SR, m~thod.

Amongst ROS, the most biologically relevant and widely studied are hydroxyl radical {OH), superoxide
anion radical (02-), singlet oxygen (102) and hydrogen peroxide (H202).

However, direct detection of some free radicals (e.g. superoxide anion and hy.'rox,l rudical) is very
difficult or impossiblel2] in solution at room temperature. ESR spin trappirg iz a valuable tool in the
study of transient free radicals[3]. Spin trapping is a technique, developea in :he late 1960s, where
a nitrone or nitroso compound (a spin trap) reacts with a target.fre= radical to form a stable and
distinguishable free radical (spin adducts) to be detected by ESR spectt 2=<opy.

Spin adducts can be observed directly by ESR spectroscopy. The LSR ¢ pectra of these spin adducts are
unique and provide a fingerprint for the presence of ROS.

This document specifies methods of detection by ESR Hf 5,5-dimethyl-1-pyrroline-N-oxide (DMPO)
hydroxyl adduct, 5-tert-butoxycarbonyl-5-methyl-1-pyrroli..c-N-oxide (BMPO) superoxide adduct and
2,2,5,5-tetramethyl-3-pyrroline-3-carboxamide (TPC) singlet oxygen adduct formation from metal
oxide nanomaterials. This document provides a r2ethod o assess ROS generation on the metal oxide
nanomaterials in a cell free condition. This metliad may provide valuable information for the prediction
of ROS-mediated cytotoxicity without cytotoxic.ty assay at physico-chemical evaluation phase.

vi © ISO 2017 - All rights reserved


https://www.stdhive.com/standards/bs-pd-isots-188272017-pdf/

PD ISO/TS 18827:2017
TECHNICAL SPECIFICATION ISO/TS 18827:2017(E)

Nanotechnologies — Electron spin resonance (ESR) as
a method for measuring reactive oxygen species (ROS)
generated by metal oxide nanomaterials

1 Scope

This document provides a procedure for the detection of ROS (OH, Oz, 102) generated by metal oxide
nanomaterials in aqueous solution with a reactive oxygen species-specific spin trappin,; ag>nt using
ESR, but excludes ESR procedures that do not use a spin trapping agent.

2 Normative references

There are no normative references in this document.

3 Terms, definitions and abbreviations
For the purposes of this document, the following terms and d=fir itions apply.
ISO and IEC maintain terminological databases for use in staiiday dization at the following addresses:

— IEC Electropedia: available at http://www.electrenedia.org/

— IS0 Online browsing platform: available at httj ://www.iso.org/obp

3.1 Terms and definitions

3.1.1

nanomaterial

material with any external dimension . tlie nanoscale or having internal structure or surface structure
in the nanoscale

Note 1 to entry: This generic t:rris inclusive of nano-object and nanostructured material.
Note 2 to entry: See also [S)/TS 80004-1:2015, 2.8 to 2.10.
[SOURCE: ISO/TS 81L04:1:2015, 2.4]

3.1.2

test sampl-~

material, devi<ce, device portion, component, extract or portion thereof that is subjected to biological or
chemicz! testing or evaluation

'fSOCRCE: 'SO/TS 10993-5:20009, 3.5]

215
zero baseline control
equivalent of the positive control where no radicals are detected

Note 1 to entry: For example, zero baseline control for the positive control of fenton reaction will be H07 and
DMPO in the absence of iron; for hypoxanthine-xanthine oxidase (HX-XO) system, it will be hypoxanthine and
BMPO in the absence of HX-XO; for rose bengal photosensitization, it will be rose bengal and TPC in the absence
of light.
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