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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

electrotec

hnical standardization.
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The comnpittee responsible for this document is [SO/TC 229, Nanotechnologies.

dures used to develop this document and those intended for its further maintenance
in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed-for
ypes of ISO documents should be noted. This document was drafted in accordance with
ules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

is drawn to the possibility that some of the elements of this document may bé the subject
hts. ISO shall not be held responsible for identifying any or all such patent rights. Details
f rights identified during the development of the document will be in the.Introduction and
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Before nano-objects enter into the market, their possible impact on human health and the environment

needs to be carefully evaluated.

In vitro toxicity assays using cultured cells are frequently used as a tool in screening hazardous

materials. This testing provides essential information for understanding the mechanisms of

biological

effects induced by the materials. However, nano-objects require specific considerations with respect
to the in v1tr0 tox1c1ty assays because thelr behav1our is distinct from water soluble chemlcals For

solirces and to avoid false interpretation of assay results.

The rigorous characterization of the working suspension prior and d(ring in vitro toxic
is pssential to exclude the in vitro experimental artefacts. For example) the corona format
ior] release from the nano-objects and impurities (residual from, thie/nano-object synthesip
cap interfere with some in vitro assays,[1] producing inaccurate-results. Additionally, the
of pgglomerates and aggregates can alter the toxicity of a sdspension. Therefore, it is imj]
carefully assess and describe the characteristics of the suspénsion of nano-objects being test

Thiis Technical Specification describes the essential .characteristics and applicable med

the nano-
their ionic
dium onto
eration in
nomena in
tontrolled

ty assays
jon, metal

process)
formation
bortant to
ed.

surement

mdgthods of working suspension containing nano-object'samples for in vitro toxicity assays. Intention is

thatreliable test results on nano-object toxicity couldbe shared and communicated among st3
of [nano-objects, such as regulators, general public, manufacturers and end users. This
Specification does not describe a procedure for#alidation of working suspension.

keholders
Technical
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Nanotechnologies — Characteristics of working
suspensions of nano-objects for in vitro assays to evaluate
inherent nano-object toxicity

1 _Scope

Thiis Technical Specification describes characteristics of working suspensions of nano‘ebj
considered when conducting in vitro assays to evaluate inherent nano-object toxicityIh’add
Te¢hnical Specification identifies applicable measurement methods for these characteristics.

Thiis Technical Specification is applicable to nano-objects, and their aggregates and agg
gre¢ater than 100 nm.

N
na

2

Th|
ing

references, the latest edition of the referenced document (including any amendments) applieq.

IS(
am

3
Fo

3.1
cu

aq

3.2
se

complex agglomerate/aggregate of primary particle(s), proteins and other medium componej

3.3
std

pr

E This Technical Specification intends to help clarify whether obserwed toxic effects come f]
o-objects themselves or from other uncontrolled sources.

Normative references

ispensable for its application. For dated references,yonly the edition cited applies. Fo

29701, Nanotechnologies — Endotoxin test on,nanomaterial samples for in vitro systems -
ebocyte lysate (LAL) test

Terms and definitions

" the purposes of this document,the following terms and definitions apply.

ture medium
heous solution of nutrients required for cell growth

rondary particle

 bility
pperties to remain unchanged over a given time under stated or reasonably expected cor

bcts to be
ition, this

lomerates

rom tested

e following documents, in whole or in part, are normatively referenced in this document and are

I undated

— Limulus

hts

ditions of

std

rage and use foranin vitrg toxicity assay

3.4
working suspension
suspension prepared for an in vitro assay that includes culture medium and nano-object sample
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4 Abbreviated terms

For the purposes of this Technical Specification, the following abbreviated terms apply.

AAS atomic absorption spectrometry

BCA bicinchoninic acid

C-U/F ultrafiltration assisted by centrifugation
DLS dynamic light scattering

FFFF flow field-flow fractionation

5 Char
5.1 Ger
To charad

certain ch
character
to them.

— Prese

ICP-AES inductively coupled plasma-atomic emission spectrometry

ICP-MS  inductively coupled plasma mass spectrometry

LD laser diffraction

SLS static light scattering
TFF tangential flow filtration
TOC total organic carbon

U/F ultrafiltration

UV-Vis ultraviolet-visible

acteristics and measurement methods

jeral

terize the working suspension for in vitro toxicity assays, it is necessary to determ
aracteristics that might impact the biological'system tested. This Clause specifies essent
stics of the working suspension, listed belo®; and measurement methods that are applica

nce of endotoxins,

— stabil
— conc
— conc

Measure
measure
See Anney

5.2 Eng

Contamin

ty of working suspensions,
tration of metal ions, and
tration of culture mediwm components.

ents of those characteristics shall be made for each dose of working suspensions.
ent of endotoxi-ean be made alternatively for the stock nano-object suspension to be dos
[ A for an example of flow of measurements.

lotoxin

htionwith endotoxins, part of the outer membrane of Gram-negative bacteria may significan

ne
ial
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he
ed.

tly

alter the
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endotoxins in the working suspension. The concentration of endotoxins in the working suspension shall
be measured by Limulus amebocyte lysate (LAL) test in accordance with ISO 29701 and the monocyte
activation test (MAT).[2](3]

5.3 Stability of working suspensions

5.3.1 General

Stability of working suspension is a key characteristic as it directly impacts the in vitro assay conditions
in terms of the dose of the nano-objects to the cells.[4][5] Aggregation/agglomeration and gravitational
settling of the nano-objects are major issues that may affect the stability of the suspended nano-objects.
The stability shall be evaluated for the two characteristics, i.e. the relative change of representative

2
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size of secondary particles of nano-objects and the relative change of the concentration of nano-objects
in the working suspension, resulting from gravitational settling during an in vitro toxicity assay, by
considering experimental duration required for the in vitro toxicity assay. Evaluation results of the
stability shall be expressed in the unit of per cent (%) over the timescale for in vitro toxicity assay.

NOTE ISO/TR 13097[6] is recommended as a comprehensive guidance for stability of working suspension.

5.3.2 Representative size change of secondary particles of nano-objects

An appropriate method shall be selected to directly measure the representative size change of
T ] T H ' liffraction
ecification

be used and reported in accordance with 6.6.

b Annex B for measurements.

.3 Concentration change of nano-objects

ho-objects
ed plasma
hission[14]
ecification

appropriate method shall be selected to measure the concentration change of naj
spended in the biological media from among the light scattering,[4#2H40] inductively coupl
mgdss spectrometry (ICP-MS),[11][12][13] ultraviolet-visible (UV-Vis) absorption, X-ray transn
anfl the total organic carbon analysis.[13] Other methods deviating from this Technical Sp¢
cap be used and reported in accordance with 6.6.

su

Se¢ Annex B for measurements.

5.4 Concentration of metal ions

Md
toy
of

(U
mé

tal ions, produced as a result of nano-object*test sample dissolution, can contribute t
icity. The concentration of metal ions in the-working suspension shall be measured after §
particulate matter. Particulate matter, can be separated from the ionic fraction by ultra
F), ultra filtration assisted by centrifugation (C-U/F) or tangential flow filtration (
asurement shall be made for all shetallic elements that are included in the nano-object s
appropriate method shall be selected to measure the metal ion concentrations from among ij
colipled plasma-atomic emission spectrometry (ICP-AES), ICP-MS, atomic absorption spe
(AAS) and the colourimetriccmethod. Other methods deviating from this Technical Specificat
used and reported in accardance with 6.6. Measurement results of concentrations shall be
in the unit of molarity,(tass/mass or mass/volume. The measurements can be omitted wh

b test cell
eparation
-filtration
[FF). The
ample. An
hductively
Ctrometry
jon can be
expressed
en a toxic

effect is not observed-to the cells in the working suspensions. See Annex A for an example|of flow of

mgasurements.

Se¢ Annex C fordmeasurements.

5.5 Cencentration of culture medium components

1

T

5.5

It rar

A nano-object sample added to a culture medium to generate a working suspension may adsorb
components of the culture medium.[1] This can result in starvation stress to the test cells. The
concentration of protein components and calcium, as surrogates for the nutritional components in the
solvent shall be measured by setting aside enough time after the addition of nano-object sample to the
culture medium. If culture medium components other than protein and calcium that may significantly
affect the stability of working suspension for in vitro toxicity assays are known, the concentration
of those components shall be measured as well. The measurements can be omitted when a toxic
effect is not observed to the cells in the working suspensions. See Annex A for an example of flow of
measurements.

NOTE Nano-objects can affect pH, osmolality and other essential characteristics in the culture medium.

© ISO 2016 - All rights reserved
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5.5.2 Proteins

An appropriate method shall be chosen for the protein concentration measurement from among
bicinchoninic acid (BCA), Bradford, Lowry and ultraviolet, refractive index and SLS methods coupled
with the flow field-flow fractionation (FFFF).[2] When BCA,[16] Bradford[1Z], or Lowryl[18] method
is chosen, the protein concentration in the solvent shall be measured after separation of particulate
matter from the working suspension. Results of protein concentration measurement shall be expressed
in the unit of mass/volume.

See Annex D for measurements.

5.5.3 Calcium

An appropriate measurement method shall be chosen for the calcium concentration measurem
from amqgng ICP-AES, ICP-MS, AAS and the colourimetric method. Results of calcium_cencentrat
measurenpent shall be expressed in the unit of molarity, mass/mass, or mass/volume.

See Anney

6 Repd

6.1 Ger

Measurelment and evaluation results obtained according to.this Technical Specification shall

reported
described

6.2 Name of nano-objects and manufacturer

Name and
and conta

6.3 Mef

Principal
known or

6.4 Cul

Name and
original nj

6.5 Measurement results

' D for measurements.

reting

jeral

escribing the source and the constituents of the nano:-ebjects, culture medium and serum
in the following subclauses.

catalogue number of nano-objects and“manufacturer information including name, addr
Ct information.

rallic elements included in the nano-object sample

estimated quantity.

ture medium and-serum

manufacturer of the medium, type and concentration of added serum (v/v %), pH valueq

ent
on

be
as

ESS

hnd accessory materials, ¢oating materials, catalytic materials and impurities, including thleir

of

edium and'\pH values during assessment, and type and concentration of other additives, if any.

The follo

WG ara pacaiead + rapnoxrt £ d d 1l daocac £ saorlaing cucpmnancione ITovaga

the

results of the test for endotoxins can be reported for the stock suspensions of nano-objects instead of
individual doses.

Reporting of metal ions and culture medium components are not required when toxicity was not
observed for the individual doses of working suspension.

— Endotoxin

a) Endotoxin positive/negative

b) D
c) E

ate of measurement

mployed test method
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d) Performing institution and data reliability information
e) Other special supporting information, if any

— Stability of working suspension
a) Representative size change and concentration change
b) Date of measurement

¢) Employed measurement methods for representative size change and concentration change

d) Performing institution and data reliability information

e) Supporting information on preparation method of working suspension
f)  Other special supporting information, if any

—| Metal ions

a) Names of metal ions and their concentrations

b) Date of measurement

¢) Employed measurement method

d) Performing institution and data reliability information

e) Other special supporting information, if any

—| Culture medium components

a) Protein and calcium concentrations

b) Date of measurement

c¢) Employed measurement methods for protein and calcium concentrations
d) Performing institution@and data reliability information

e) Other special supporting information, if any

6.6 Deviation

Deiations from.this Technical Specification shall be described in the report with the name of methods
enlployed, itsidétailed information, reliability and justification.

© IS0 2016 - All rights reserved 5
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Annex A
(informative)

Flow of measurements

A schematic showing the stages at which measurements shall be made based on this Technical
Specificatfon 1s shown below.

Measurenpents of stability, metal ions and culture medium components are made for each dose of the
working spspension prepared by mixing nano-object sample and cell culture medium. Measurerments of
endotoxin are made for a nano-object sample to be dosed, that can be alternatively made for a workjng
stock suspension.

The working suspension is divided into two parts: one is for toxicity assay (assay sample) and the other
for measyrements of characteristics (characteristics measurement sample). Measurements of metal
ions and fulture medium components are carried out for the characteristic-measurement sampfles
when a tokicity effect is observed for the assay sample.

Cell culture medium Nano-object sample

| Endotoxin test
.

Working suspension.for individual dose

Characteristics
measurement sample

Assay sample

Stability measurement

In vitro assay
result

NO

Toxicity observed?

YES

Metal ions measurement

Culture medium components measurement

Reporting

Figure A.1 — Schematic showing the states at which measurements are made
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Annex B
(informative)

Measurement and evaluation of stability

B.I—Generat

Ex
of
ch
us
to3

All
pry
su
Ev
Vit|
pre

B.

In
us
sel

In
SCq
na
to

cal
is

all
ba
hig
na

hmples of measurement methods of stability of nano-object samples are provided for t
the user. The user is cautioned that these methods have not necessarily been yalidated
iracterizing multiple types of nano-object samples. Due to the diversity of nan6*object sa
b1 should select an appropriate method to evaluate the stability of working suspension duri
icity assays.

measurements should be performed on working suspension or.the nano-object sul
epared in the same manner as the in vitro toxicity assay. The same-sample stocks of the n3
tpension should be used for the measurements and for the in vitro.toxicity assessment exj
hluated results of the change of values should be expressed in(thie unit of per cent (%) du
o toxicity assay. It is recommended to perform multiple measurements (at least three tim
esent the data as average of the measurements.

2 Representative size change of secondary particles of nano-objects

order to monitor the changes of the representative size of secondary particles of nano-o
er should select an appropriate method from the DLS, the LD and the SLS. The method
ected by observable size range in the respective measurement principles.

.3 Change of concentration'of nano-objects

order to monitor the changés. of the concentration of a majority of the types of nano-obj
ttering intensity monitoring'methods, such as DLS or SLS can be applied, as long as the unit

he benefit
for use in
mples, the
ng in vitro

spensions
ino-object
eriments.
ring an in
es) and to

bjects, the
should be

ects, light
size of the

ho-object is larger than protein molecules in the working suspensions. TOC method can be
rarbon-based nano-dbject analysis, when combustion temperatures or pyrolysis temperat

ho-objects of atomic numbers less than carbon number.

applicable
res of the

bon-based nano-ebjéct and the culture media are different. In the case that the backgrouhd carbon
subtracted accurately, TOC method can be also applicable. UV-Vis absorption method is ppplied to
groups of nano<objects when their UV-Vis absorbance can be decoupled from the culturg medium
kground_absorbance. X-ray transmission measurement is applicable to nano-object sanjples with
h background in the UV-Vis absorption method, however, it is practically restricted to quspended
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Annex C
(informative)

Measurement of metal ions

C-U/F membrane with an optimal fractionation molecular weight is selected depending on the'siz¢
nanoparticles. Conditions of C-U/F, namely can be employed in order to separate particulate matfer

and metal ions. In the U/F, a relevant centrifugal acceleration and duration of centrifugation should
adequately set to fully recover the filtrate containing ions.[19]

Alternatively, ultracentrifugation can be employed especially for metal nano-ebjects. Conditions
the centr|fugation, namely centrifugal acceleration and duration of centrifugation should also
adequately set to fully recover the solution containing ions.

The filtrate or supernatant is analysed by the methods described in C.2.

C.2 Mepsurements

C.2.1 Choice of methods

of

be

of
be

ICP-MS isfa highly sensitive technique and can detect the level of parts per trillion (ppt). On the other

hand, AAY is highly reliable.

If a chelatling agent for the colourimetric measurement is suitable for detection of the expected me
ion, the cplourimetric method can be employed. The chelating agent should have high specificity

tal
of

substrate) and no cross-reactivity. When there is no suitable chelating agent for expected metal ipn,

colourimdtric method should not be employed.

C.2.2 Inductively coupled plasma-atomic emission spectrometry (ICP-AES)

Calibrati:r curves for the metd] ions of interest are necessary using standard solutions of the metal ipn.

Measurenpent of ICP-AES should follow the standard of ISO 11885.[20]

C.2.3 Inductivelyseoupled plasma mass spectrometry (ICP-MS)

Pre-treatent ofithe working suspension and generation of the calibration curves are conducted| i

accordande with C.1.

The measUTements are recommended to follow the Tetevant standards of 1SO0—17294-ttz
[SO 17294-2.[22]

C.2.4 Atomic absorption spectrometry (AAS)

The calibration curves for the ions of interest are necessary using standard solutions of the ions.

C.2.5 Colourimetric method

nd

If metal ions in the working suspension have characteristic absorption band in the visible or ultraviolet
region, the colourimetric methods can be used to determine the concentration. Before the quantitative
analysis, the absorption spectra are measured and identified for the ions. A characteristic absorption

band that does not interfere with that of other ions is selected for the analysis.
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