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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-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 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 may be the subject 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 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 the convenience of users and does not
constitute an endorsement.

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

The committee responsible for this document is ISO/TC 229, Nanotechnologies.
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Introduction

The field of nanotechnology continues to advance rapidly through the development of new materials,
products and applications. At the same time, many questions have been raised relating to the
potential impact on human health and on the environment of some of these materials. Internationally,
a large programme of research is underway to better understand and quantify potential hazards.
Also, the chemicals used to coat the surface of nanoparticles in processing or in products can affect
the interactions of nanoparticles with cells, even more so due to their large surface to volume ratio.
Thus, there is a need for reliable fast screening methods to determine the potential toxicity aspects of
nanoparticles with characterization of chemical functionalization on nanoparticles.

It is likely that monitoring biological response of cellular model systems to nanoparticle exposure can
provide insight into the “modes-of-action” of nanoparticles and which of them may need to be further
investigated for risk assessment.

In 2008, a number of international researchers concluded that some published results of nanomaterial
toxicity could not be replicated across laboratories and that accurate and reproducible nanotoxicology
tests were needed. As a result of this, the International Alliance for NanoEHS Harmonization (IANH)
was formed with the goal of developing testing protocols that would accurately assess toxicity and
biological interactions of nanoparticles in cellular systems and that these be reproducible in any
laboratory. The IANH performed round robin characterization of particle size distributions in liquid
suspensions and in vitro interactions of nanomaterials with cells with the 3-(4,5-dimethylthiazol-2-yl)-
5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS), 5-(and-6)-chloromethyl-2’7’
Dichloro-dihydro-fluorescein diacetate, acetyl ester (CM-H;DCF-DA), and propidium iodide assays.
The IANH identified a number of factors that increased variability and developed techniques to reduce
variability:.

Oxidative stress, which leads to DNA damage, is a primary driver leading to the accumulation of
mutations which occurs in living organisms, so it is important to assess whether nanoparticles can
induce reactive oxygen species in living cells.

This document is a method to assess potential nanoparticle induced radical oxygen species (ROS)
generation in cells through in vitro measurements. Although multiple techniques are used for
determining generation of oxygen radicals in cells, the CM-H,DCF-DA has been used in round robin
testing to evaluate ROS generation in mouse macrophages (RAW 264.7). The CM-DCF-DA assay provides
a general measure of oxidative stress rather than detecting specific oxygen radicals or reactive species.
[4] While this assay has not been evaluated in a broad range of cells, it does provide insight into the
potential for ROS generation in macrophages which may play an important role in scavenging particles
from the body.

The CM-DCF-DA assay has a margin of error even when controls are used and a number of factors could
produce false negatives.[4] The CM-H2DCF-DA assay is not optimal for detecting all ROS species, such
as the superoxide anion and hydroxyl radical which have short half-lives. In addition, measurement
using cytometry should be performed quickly after cells have been exposed in the assay, because DCFH
and DCF can leach from cells or the DCFH can be oxidized. Also, the CM-H,DCF-DA assay is deactivated
in serum, so cells should be washed to remove serum and cells could be lost in this process resulting
in a potential false negative. Furthermore, some nanoparticles may interact with DCFH and partially
quench fluorescence. Thus, negative ROS results with this assay may not be conclusive. ISO/TS 18827
utilizes electron spin resonance (ESR) to detect the presence of ROS species in cells and differentiate
between the different reactive oxygen species without interference.

In addition, there are several factors that could produce false-positive results.[53] Some nanoparticles
and dead cells can fluoresce. Some nanoparticles can catalytically interact with CM-H2DCF-DA or the
assay components can preferentially adsorb on the surface of the particle.[3] In order to establish true
positives, controls should be established to characterize nanoparticles alone under test conditions, as
well as distinguish dead cell fluorescence from live cells with ROS.

Furthermore, due to light-induced auto-oxidation, CM-H;DCF-DA solutions at any concentration should be
protected from light and air by storing in the dark in a sealed container filled with nitrogen gas or argon.
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Thus, the CM-H2DCEF-DA assay may be applicable to only particular cell [ines and nanoparticles and
outcomes should be confirmed by additional assays (see Annex A for alternate cell lines). In particular,
as a number of factors could lead to false negatives, or positives, other tests should be pursued and a
positive result should be confirmed to not be caused by interference.

Controls are needed to determine a baseline of fluorescence of unexposed cells, determine whether
cells are affected by non-toxic nanoparticles and also to demonstrate that known ROS generating
chemicals and nanoparticles produced ROS which could be determined under assay conditions.
Furthermore, it is important to determine whether nanoparticles interfere with the fluorescence
of the assay and potentially invalidate assessment of nanoparticle induced ROS generation in cells.
Controlled experiments could be performed with cells exposed to Sin-1 with varying concentrations of
nanoparticles present to determine whether the nanoparticles quench the fluorescence.

NOTE This assay is considered to be a screening assay that rapidly provides information about a
nanoparticle interaction with a cellular system. Although screening type assays are critical for use in evaluating
nanoparticle effects on cells, it is important that interpretation of the results be verified with other ROS and
related cellular assays.
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