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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.
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Introduction

Before nano-objects enter onto the market, their possible impact on human health and the environment

should be carefully evaluated.

In vitro toxicity assays using cultured cells are frequently used as a tool in screening materials for
possible hazardous properties. The 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 vitro toxicity assays, because of their unique behaviour in cell

culture medium. For example, immediately after the introduction of nano-object samp

les into the

cultyre-medit-the rano-obieectseanth

a) ionic dissolution,

¢orona formation, or

iggregation/agglomeration

ing to alteration in particles size and sedimentation. Therefore, it is critical to conside
mentioned phenomena in clarifying if the observed effects are related to the tested nano
or from uncontrolled sources and to avoid false interpretation of assay results. For example
formjation, metal ion release from the nano-objects and imputities (residual from the
synthesis process) can interfere with some in vitro assayslll, psoducing inaccurate results. 4
the fprmation of agglomerates and aggregates can alter the.toxicity of a suspension. It is i
carefully assess and describe the characteristics of the suspension of nano-objects being te

Thergfore, the rigorous characterization of the working suspension prior and during in v
assays on these characteristics is essential to exclude the in vitro experimental artef:
document, the essential characteristics related t@’these three phenomena and applicable m
metHods were summarized. On the other hands, this document does not include a strategy
apprppriate techniques from the applicablé.measurement methods because the working
that contain nano-object samples for incvitro toxicity assays has the different materials

concentration and sizes; thus, the appropriate selection is depending on the investigd
the 1
docujment to assist with appropriate method selection by investigators to make allowd
charjicterization method selection, optional methods are also given in this document. In (
detalls of the characterization methods/procedures are described; therefore, the approp
the characterization canbe’judged.

The ntention of this-document is for reliable test results on nano-object toxicity to be
communicated amng stakeholders of nano-objects, such as regulators, general public, m3
and ¢nd users.

r the above-
object itself
, the corona
nano-object
\dditionally,
mportant to
sted.

itro toxicity
icts. In this
easurement
to select the
suspensions
omponents,
itors. While

elated informative annexes _and the list of references in the Bibliography are incljided in this

nce for the
lause 6, the
riateness of

shared and
nufacturers
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INTERNATIONAL STANDARD ISO 19337:2023(E)

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

1 Scope

This|document describes the characteristics of working suspensions of nano-objects torbg considered
when conducting in vitro assays to evaluate inherent nano-object toxicity. In additienjthe document
identifies applicable measurement methods for these characteristics.

This|document is applicable to nano-objects, and their aggregates and agglomerates greater than
100 nm.

This|document intends to help clarify whether observed toxic effects come from tested rjano-objects
theniselves or from uncontrolled sources.

2 Normative references

The following documents are referred to in the text in(stich a way that some or all of their content
constitutes requirements of this document. For dated-references, only the edition cited [applies. For
unddted references, the latest edition of the referenced*document (including any amendments) applies.

ISO/TS 80004-2, Nanotechnologies — Vocabularyz- Part 2: Nano-objects

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/TS 80004-2 and the following
apply.

[SO dnd IEC maintain terminolegy databases for use in standardization at the following addresses:

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

— IEC Electropedia:-available at https://www.electropedia.org/

31
cultyre medium
aquepus selution of nutrients required for cell growth

3.2
secondary particle
agglomerate/aggregate of primary particle(s), proteins and other medium components

3.3

stability

properties to remain unchanged over a given time under stated or reasonably expected conditions of
storage and use for an in vitro toxicity assay

3.4
working suspension
suspension prepared for an in vitro assay that includes culture medium (3.1) and nano-object sample

©1S0 2023 - All rights reserved 1
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3.5
contamination
trace amounts of extrinsic substances present in the nano-object samples that affect cellular growth

4 Abbreviated terms

AAS atomic absorption spectrometry

BCA bicinchoninate acid

BSA Bovinmeserumnmatburmimn

C-U/F ultrafiltration assisted by centrifugation

DLS dynamic light scattering

AF4 asymmetrical-flow field-flow fractionation
ICP-AES inductively coupled plasma-atomic emission spectrometry
ICP-MS inductively coupled plasma mass spectrometry
LAL limulus amebocyte lysate

LD laser diffraction

LPS liposaccharides

MAT monocyte activation test

PCR polymerase chain reaction

ppt parts per trillion

SLS static light scattering

TFF tangential flow filtratioh

TOC total organic carbon

U/F ultrafiltratiod

UV-Vis ultravigletsvisible

5 Characteristics and measurement methods

5.1 General

To characterize the working suspension for in vitro toxicity assays, it is necessary to identify certain
characteristics that can impact the biological system tested. Working suspensions for individual dose
shall be divided into two samples, one for toxicity assay and another for characteristics measurements.
Clause 5 specifies essential characteristics of the working suspension, listed below, and measurement
methods that are applicable to them:

— stability of working suspensions;
— concentration of metal ions;

— concentration of culture medium components;

2 © IS0 2023 - All rights reserved
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contamination.

Measurements of those characteristics shall be made for each dose of working suspensions. The flow of
measurements shall be in accordance with Annex A and Figure A.1.

5.2

Stability of working suspensions

5.2.1 General

Stability of working suspension is a key characteristic as it directly impacts the in vitro assay

con

itions in terms of the dose of the nano-objects to the cells[2lLI3114], Agoregation/agglo

eration and

grav

nano
chan

conc

nano
of na

cons

stabillity shall be expressed in the unit of per cent over the timescale fof-an in vitro toxicity

tational settling of the nano-objects are major issues that can affect the stability ofth
-objects. The suspension stability shall be evaluated for the two characteristics, i-e.
ge of representative size of secondary particles of nano-objects and the relative ch
entration of nano-objects in the working suspension. The change in size ofsecondary
-objects can result from agglomeration of smaller particles in culture média. The rels
no-object concentration can result from gravitational settling during an’ih vitro toxic
dering experimental duration required for the in vitro toxicity asSay. Evaluation rg

b suspended
the relative
ange of the
particles of
itive change
ity assay by
sults of the
assay.

ISO/TR 13097[2] is recommended as comprehensive guidance for,stability of working susp¢nsion.
5.2.7 Representative size change of secondary particles‘of nano-objects
An dppropriate method shall be selected to directly ‘mieasure the representative siz¢ change of

Secol

this

See /

5.2.3

An
susp

Vis 3
listedl in this document can be used and reported according to the optional methods in 6.6.

See /

5.3

Metd
toxig
of particulate matter. Particulate matter can be separated from the ionic fraction by U/F, (
centfifagation. The measurement shall be made for all metallic elements that are included

q

ndary particles of nano-objects from among DLS3I8], LDIZ] and SLSI8l. Other methods
locument can be used and reported according to'the optional methods in 6.6.

\innex B for measurements.

Concentration change of nano-objects

ppropriate method shall be selected to measure the concentration change of 1
ended in the biological media.from among the static light scatteringl3l.[6L[8], [CP-MSI2
bsorption, X-ray transmission[12] and the total organic carbon analysis[3l. Other 1

\innex B for measurenients.

Concentration of metal ions

| ions, pfoduced as a result of nano-object test sample dissolution, can contribute to o
ity. The.Concentration of metal ions in the working suspension shall be measured afte

not listed in

ano-objects
J[10L[11] gv-

nethods not

bserved cell
I separation
-U/F TFF or

in the nano-

object sample. An appropriate method shall be selected to measure the metal ion concentrations from
among ICP-AES, ICP-MS, AAS and the colorimetric method. It shall be noted that many constituents in
culture media such as Na and CI can interfere with metals analysis for some spectrometry techniques,
especially ICP-MS[14]-[16], Other methods not listed in this document can be used and reported according
to the optional methods in 6.6. Measurement results of concentrations shall be expressed in the unit
of molarity, mass/mass or mass/volume. 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.

See Annex C for measurements.
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5.4 Concentration of culture medium components

5.4.1 Gen

eral

A nano-object sample added to a culture medium to generate a working suspension can adsorb
components of the culture mediuml[ll. This adsorption 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 after allowing enough time after the addition of nano-object sample
to the culture medium. If culture medium components other than protein and calcium that can
significantly affect the stability of the working suspension for in vitro toxicity assays are known, the

concentrati

n of those components shall be measured as well. The measurements can be omitted

vhen

a toxic effec
of measurer]

Nano-object
Nano-object

5.4.2 Pro

An appropr
Bradford,

L
BCA[L9], Brj)dford[@] or Lowryl2ll method are chosen, the protein cencentration in the solvent

be measure

concentratign measurement shall be expressed in the unit of mass/volume.

See Annex [}

5.4.3 Calq

An appropr
from among
measureme

See Annex [

5.5 Contj

Contaminat
determined

Endotoxin 1
assaysl22], t
coupled wit

Mycoplasm4

[ is not observed to the cells in the working suspensions. See Annex A for an exampleof
hents.

feins

sample in culture medium shall be incubated with the same conditions of\in"vitro
s can affect pH, osmolality and other essential characteristics in the culture medium.

ate method shall be chosen for the protein concentration measurement from among
wry, and ultraviolet, refractive index and SLS methods coupled’with the AF4[171.118], y

d after separation of particulate matter from the working’suspension. Results of pr

| for measurements.
ium

jate measurement method shall be chosen for the calcium concentration measure
b ICP-AES, ICP-MS, AAS and the colorimetric method. Results of calcium concentr
ht shall be expressed in the unit ofmolarity, mass/mass or mass/volume.

| for measurements.

ymination

on can be a source of additional toxic action. Endotoxin and mycoplasma sha
with appropriate'miethods.

neasurementiare available with LAL test (see ISO 29701), the chromogenic-based
he MATI231§ recombinant Factor C test[24] and high performance liquid chromatogi
h masssspectrometry methodsl23],

contamination is one of the major problems in vitro assay. Mycoplasma can be detect

flow

test.

BCA,
Vhen
shall
btein

ment
htion

[1 be

LAL
aphy

ed by

261 0231

PCR based 1

£ [ 14 41 J.[271 1 01 : 41
ITUHTUUS, CUItUI T HHITUTUUST=" dIIU TTUUTTSLTIILT IITILTUSLUP Yy TTITUIUUN=,

Nano-object sample shall be treated aseptically. It shall be confirmed that there is no history of
contamination except that which is described in this subclause.

See Annex E for measurements.
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Reporting

General

Measurement and evaluation results obtained according to this document shall be reported describing
the source and the constituents of the nano-objects, culture medium and serum, as described in 6.2 to

6.6.

6.2

Name of nano-objects and manufacturing information

Namgeatatogue-andletfbatchnumberef nano-ehjectsand-manufacturerinformationinehiding name
addrpss and contact information shall be reported.

6.3 | Composition and metallic elements included in the nano-object sample

Define principal and accessory materials, coating materials, catalytic mateérials and| impurities,
including their known or estimated quantity:.

6.4 | Culture medium and serum

Namg, manufacturer and lot/batch number of the medium, typé and concentration of added serum

(volume fraction %), pH values of original medium and pH¢yaltes during assessment, a
concentration of other additives, if any, shall be reported.

6.5
The

Measurement results

following are required to report for individiial doses of working suspensions and m

time|frame. However, the results of the test fef‘contaminants can be reported for the st

obje

¢ts instead of individual doses.

Repdrting of metal ions, culture mediuti-¢omponents and contaminants are not required w
is not observed for the individual doses of working suspension.

$tability of working suspension

3) representative size change and concentration change,

) date of measurement,

¢) employedymeasurement methods for representative size change and concentration
d) perfarming institution and data reliability information,

¢) _supporting information on preparation method of working suspension, and

f0_~other snecial sunnorting information if anv:
J r rr o J T

hd type and

easurement
ck of nano-

hen toxicity

change,

metal ions

a) names of metal ions and their concentrations,

b) date of measurement,

c¢) employed measurement method,

d) performing institution and data reliability information, and
e) other special supporting information if any;

culture medium components

© IS0 2023 - All rights reserved
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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, and
e) other special supporting information if any;
— contamination
a) congammimat e : 1 ¢ ration
b) datg of measurement,
c) employed measurement method,
d) performing institution and reliability information, and

e) other special supporting information if any.

6.6 Optignal methods

Methods not listed in this document shall be described in the repebtwith the name of the methods
employed, ifs detailed information, reliability and justification.

6 © IS0 2023 - All rights reserved
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Flow of measurements
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A schematic showing the steps at which measurements shall be made based on this document is shown

in Figure A.1.

Meagurements of stability, metal ions and culture medium components are made for each dose of the

workKing suspension prepared by mixing nano-object sample and cell culture medium:

The working suspension is divided into two parts; one is for toxicity assay (assay’sample) apd the other
for measurements of characteristics (characteristics measurement sample);Measurements of metal
ions,|culture medium components and contaminants are carried out for the characteristic measurement
samples when a toxicity effect is observed for the assay sample. Measurements of contamipants can be
madg¢ for the stock of nano-objects instead of individual doses.

Cell culture medium Nano-6bject sample

A\ 4 V.

Working suspensions for individual dose
. Characteristics
! measurement
Assay | ysample
sample | 5.2 Stability of working
! suspensions

In vitro

assayresult [ 777

Toxicity No

observed ?

5.3 Concentration of metal ions

!

5.4 Concentration of culture medium
components

\4 y

5.5 Contamination

<
<
y

A

Reporting

Figure A.1 — Flow of measurements
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B.1 Gene

Annex B
(informative)

Measurement and evaluation of stability

ral

Examples o
of the user.

user should
vitro toxicit

All measur
prepared in
suspension
Evaluated r
the change ¢
multiple me

B.2 Repn

In order to
user should
observable {

B.3 Chan

In order to
scattering i
nano-object]
to carbon-b
carbon-basq
is subtracte
to all group;
background|
high backgr
nano-object]

The user is cautioned that these methods have not necessarily been validated\for u
characterizing multiple types of nano-object samples. Due to the diversity of nano-objeet sample

y assays.

bments should be performed on working suspension or the nano-object suspen

chould be used for the measurements and for the in vitro toxicity-assessment experim
psults of the change of values should be expressed in the units of percent; namely, div

hsurements (atleast three times) and to present the data as an average of the measurem

esentative size change of secondary particles of nano-objects

monitor the changes of the representative size of secondary particles of nano-object;

measurement methods of stability of nano-object samples are provided for the) bg

select an appropriate method to evaluate the stability of working suspension duri

the same manner as the in vitro toxicity assay. The same sample‘stocks of the nano-o

fvalues during an in vitro toxicity assay by the initial values!. It is recommended to per

select an appropriate method from DLS;-LD and SLS. The method should be selectg
ize range in the respective measurement principles.

ge of concentration of nane-objects

onitor the changes of the concentration of a majority of the types of nano-objects,
Itensity monitoring methaods such as DLS or SLS can be applied, as long as the unit size
is larger than protein molecules in the working suspensions. TOC method can be appli
sed nano-object afialysis, when combustion temperatures or pyrolysis temperatures ¢
d nano-object afid the culture media are different. In the case that the background ca
d accurately,the TOC method can be also applicable. UV-Vis absorption method is ap
of nano-objects when their UV-Vis absorbance can be decoupled from the culture me
absorbdnge. X-ray transmission measurement is applicable to nano-object samples
ound.in the UV-Vis absorption method, however, it is practically restricted to suspe
s of'atomic numbers less than carbon.

nefit

se in
5, the
ng in

sions
bject

ents.

iding
form

ents.

, the
d by

light
fthe
rable
fthe
rbon
plied
dium
with
nded
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Annex C
(informative)

Measurement of metal ions

Separation of ions from particulate matter

c-u/

adeq|
dura

The {

Alter]
centi
set t
using

The {

C.2

C.2.]

ICP-N
AAS

Ifac
the ¢
and 1
meth

C.2.]
Calib

Meas

F membrane with an optimal fractionation molecular weight is selected depending @

ately set to recover the filtrate containing ions by checking relationship,aplot recd
Lion of centrifugation or centrifugal accelerationl1].[22].[23],

ilter membrane can adsorb ions and it shall be tested before usel24l.

natively, centrifugation can be employed especially for metal.nano-objects. Condi
ifugation, namely centrifugal acceleration and duration of cefitrifugation should also b
h recover the solution containing ions by checking capability of absorption of corres
b concentration standard previously.

iltrate or supernatant is analysed by the methods described in Clause C.2.

Measurements

| Method choice criteria

1S is a highly sensitive techniquesand can detect the level of parts per trillion. On the
is highly reliable.

helating agent for the coloritietric measurement is suitable for detection of the expectq
plorimetric method cane-€eémployed. The chelating agent should have high specificity
o cross-reactivity. When there is no suitable chelating agent for expected metal ion,
od should not be employed.

. Inductively coupled plasma-atomic emission spectrometry

uremeént of ICP-AES should be made in accordance with ISO 11885[251,

h the size of

nangparticles. Conditions of C-U/F, namely can be employed in order to separate particiilate matter
and}l\etal ions. In the U/F, a relevant centrifugal acceleration and duration of centrifigatic

n should be
Very versus

tions of the
e adequately
ponding ion

other hand,

d metal ion,
bf substrate,
rolorimetric

ration curves for the metal ions of interest are necessary using standard solutions of the metal ion.

C.2.C

Imductively coupled plasnramass spectronretry

Pre-treatment of the working suspension and generation of the calibration curves are conducted in
accordance with Clause C.1.

The measurements are recommended to follow the relevant standards of ISO 17294-1[26] and
[SO 17294-2[27],

C.2.4 Atomic absorption spectrometry

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

©ISO
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C.2.5 Colorimetric method

If metal ions in the working suspension have characteristic absorption band with/without chelator in
the visible or ultraviolet region, the colorimetric 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.

C.2.6 Ion selective electrode

Ion selective electrodes can be used to determine the concentration of dissolved ions in the medium[35]-

10 © IS0 2023 - All rights reserved
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Annex D
(informative)

Measurement of culture medium components

Proteins

If separation of the particulate matter from the dispersant is achievable by centrifug
centrifugation18l, the protein concentration in the medium is determined by the\BCA
Bradfford method[2% or Lowry method[21] using BSA as the protein standard.

If se]

Whe
evaly

D.2

Nand
can {
reley
depe
intern]
cont
Ca2+
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particulate matter isSeparated in the same way as for the Ca2* measurement. Those comp)
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aration of the particulate matter from dispersant is complicated, the AF4method can H

h the culture medium does not include any protein, such as in the Case of a serum-fj
lation of protein concentration is not required.

Calcium

-objects are separated from the working suspension by:G-U/F. Centrifugation or ultrace
ilso be employed if materials can be easily separated from the working suspension
ant membrane having an optimal fractionation~-molecular weight is selected to sep
nding on the size of nano-objects. When C-U/F is'employed, conditions of C-U/F, namely
sity and duration of centrifugation should>be adequately set up to fully recover

hining calcium (Ca2*). After the appropriate‘separation of nano-objects from working
content of the culture medium can besdetermined by ICP-AES, ICP-MS or AAS. If nano
Fated from the working suspension bi-centrifugation or ultracentrifugation, Ca* cong
uspension medium can be deterniined by the colorimetric method (see Annex C).
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