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Foreword

[SO (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 document should be noted. This document was drafted in accordance with the editorial rules of the

ISO/IEC Dl[ \.tiVCD, Pdl t 2 (DCC VV VV VV.iDU.Ul ;(/Idil CLtiVCD).

[SO draws gttention to the possibility that the implementation of this document may invalve t}tre1
patent(s). I$O takes no position concerning the evidence, validity or applicability of any clai

rights in regpect thereof. As of the date of publication of this document, ISO had not;teceived

patent(s)

ich may be required to implement this document. However, implementers are ca
this may ndt represent the latest information, which may be obtained from the patent database
www.iso.ong/patents. ISO shall not be held responsible for identifying any or alljstich patent righ

Any trade

constitute 3

For an expl
related to

Organizatig

This docum

Any feedba

use of (a)
ed patent
hotice of (a)
tioned that
available at
ts.

hame used in this document is information given for the convenience of users and does not

n endorsement.

hnation of the voluntary nature of standards, the meaning of ISO specific terms and

conformity assessment, as well as information about ISO's adherence to the W
n (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/iso/for¢

pxXpressions
Yorld Trade
pbword.html.

ent was prepared by Technical Committee ISOATC 229, Nanotechnologies.

ting of these bodies can be found at wwiw.iso.org/members.html.

ck or questions on this document should-be directed to the user’s national standajrds body. A
complete lig
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Introduction

Phototoxicity (PT) is defined as a toxic response to an organism exposed to a substance, where the
response is either elicited or increased (apparent at lower dose levels) after subsequent exposure to light,
or that is induced by skin irradiation after systemic administration of a substance. The increasing use of
nanomaterials in various industries also leads to increased exposure, especially to skin. Furthermore, some
nanomaterials are used in commercial sunscreens. Hence, possible impacts on human health including
detrimental chemical reactions in the presence of light (both natural and artificial) or photo-protective
effects, is of interest.

PT is based on a quantum phenomenon. The absorption of a photon with sufficient energy generates an
electron-hole pair that can migrate to the nanoparticle (NP) surface and react with water and oxygen, thus
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otoxic response. Material PT is closely related to photocatalytic activity (PCA). Mea
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Nanotechnologies — In vitro acute nanoparticle
phototoxicity assay

1 Scope

This document specifies a procedure to evaluate acute phototoxicity of nanoparticles (NPs), suspended in

cell cultur

exposure (3

The measu
photoactivi
of nanomat
applicable t

2 Norm

The followi
requiremen

media bv measuring the relative reduction-in cellular viabilitvy under near ultras
T =] "

15 nm to 400 nm).

rement is intended to assess the potential for acute phototoxicity of NPs by cor
Ly in vitro to a positive control chlorpromazine. It is not designed to predidt other
erials and light, such as genotoxicity, photo-allergy or photo-mutageni€ity. The me
p NP aggregates and agglomerates.

htive references

hg documents are referred to in the text in such a way thatSome or all of their content
ts of this document. For dated references, only the editiof cited applies. For undated

the latest edlition of the referenced document (including any amendments) applies.

[SO 80004-

3 Terms

For the pur

[SO and [EC

IEC Ele

3.1 Tern

3.1.1

phototoxic
acute light]
transforme

|:2023, Nanotechnologies - Vocabulary — Part 1::Core vocabulary

, definitions, symbols and abbreviated terms
boses of this document, the terms and definitions given in ISO 80004-1 and the folloy

maintain terminology databases for use in standardization at the following address

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

Ctropedia: available at Https://www.electropedia.org/

1s and definitions

ity
induced\response, which occurs when photoreactive chemicals are activated b
d intd toxic products to cells.

iolet (UVA)

nparing NP
oint effects
thod is also

constitutes
references,

ying apply.

ES:

y light and

3.1.2

dispersion

microscopic multi-phase system in which discontinuities of any state (solid, liquid or gas: discontinuous
phase) are dispersed in a continuous phase of a different composition or state

[SOURCE: ISO/TR 13097:2013, 2.5, modified — Note to entry deleted and "in general" deleted from the

definition.]

3.1.3
endotoxin

part of the outer membrane of the cell envelope of Gram-negative bacteria

© IS0 2024 - All rights reserved
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3.1.4

positive control

material or chemical which, when tested in accordance with this document, provides a reproducible
phototoxic response

3.1.5

negative control

material or chemical which, when tested in accordance with this document, does not exhibit phototoxic
response

[SOURCE: ISO 10993-5:2009, 3.4, modified — "or chemical" added, "this part of ISO 10993 " changed to " this

document", "cytotoxic" changed to "phototoxic" and Note to entry deleted.]

3.1.6
test sample
material thjt is subjected to biological or chemical testing or evaluation

[SOURCE: 1$0 10993-12:2021, 3.14, modified — "medical device, component or material (or a regresentative
sample thefeof, manufactured and processed by equivalent methods), or an extract or portipn thereof”
replaced by|"material".]

3.1.7
ultraviolet|A
UVA
type of eleckromagnetic radiation with wavelengths between 320 and*400 nanometers

3.2 Abbijeviated terms

BSA Bovine Serum Albumin

CPZ Chlorpromazine

DIW deionized water with = 18 MQ-cm.resistivity

FBS Fetal Bovine Serum

MTS 3-(4,5-dimethylthiazol-25y1)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tptrazolium
NADH nicotine adenine dinueleotide hydrate

NIH/3T3 embryonic mouseAfibroblast cell line

NP nanoparticle

oD opticdl density

PT phototoxicity

ROS reactive oXygen specles
UVA ultraviolet A

UV-Vis ultraviolet and visible

4 Test method

This document describes a set of procedures for the phototoxicity measurement method of NPs present in
an aqueous suspension. NPs that are phototoxic cause the photocatalytic action after successive irradiation
with artificial UV light, resulting in a decrease in cell survival level. The cell survival level is affected by
the concentration of NPs and the dose of the received UVA light. Cell survival level is measured at a fixed
NP concentration and six UVA light doses. The resulting cell survival levels are then plotted vs the UVA

© IS0 2024 - All rights reserved
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dose. The slopes of these dependences are calculated for negative control (media only), positive control
(chlorpromazine), and test NP. The multiplexed assay utilizes a 96-well plate, UVA source and a multiple-
plate optical reader leading to a fast and accurate measurement. A separate 96-well plate is utilized to

account for

possible NP interferences with the cell viability assay.

5 Materials and equipment

5.1 Materials

5.1.1 Reagents

5.1.1.1 DfW

5.1.1.2 Dplbecco modified eagle medium (DMEM) with or without phenol red

5.1.1.3 Phosphate-buffered saline (PBS, pH 7,4)

5.1.1.4 Fetal bovine serum (FBS)

5.1.1.5 Trypsin-EDTA (2,5 g/1)

5.1.1.6 1K Penicillin/Streptomycin

5.1.1.7 Bpvine serum albumin (BSA)

5.1.1.8 Trypan blue solution (4 g/1)

5.1.1.9 MTS (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfopheny
tetrazolium)

5.1.1.10 Chlorpromazine hydrochloride (CPZ)

5.1.2 Cel]line

NIH/3T3 cell line (mouse fibroblast): e.g. ATCC® CRL-1658™.1)

Established| cell lines are'preferred and, where used, shall be obtained from recognized reposito
If a stock cplture ofia)cell line is stored, storage shall be at =80 °C or below in the correspong
medium but containting a cryoprotectant, e.g. dimethylsulfoxide or glycerol. Long-term storg
months up fo many years) is only possible at =196 °C or below.

/1)-2H-

ries.

ing culture
ge (several

Only cells fr

ee Irom mycoplasma shall be used Ior the test. belore use, StoCcK cultures snould be t

absence of mycoplasma.[]

sted for the

Human skin keratinocytes (HaCaT) may also be used with the test procedure with culture conditions

adapted for

them and appropriate phototoxicity response to CPZ can be demonstrated.

1) ATCC® CRL-1658™ is an example of a suitable product available commercially. This information is given for the

convenience

of users of this document and does not constitute an endorsement by ISO of this product.

© IS0 2024 - All rights reserved
3


https://standardsiso.com/api/?name=04da1d8f3092745c1d4b10212da3c0a2

ISO 4962:2024(en)

5.1.3 Controls

A known phototoxic chemical shall be tested concurrently with each in vitro 3T3 phototoxicity test.
Chlorpromazine hydrochloride (CPZ, CAS Number: 69-09-0) should be used as a positive control according
to 8.2. Cell media should be used as a negative control.

The procedure is as follows:

— Prepare 1 ml 20 mg/ml solution of CPZ by dissolving 20 mg of the dry CPZ in 1 ml of 100 % ethyl alcohol
(by volume).

— Store the solution at =20 °C.

— For preparation of CPZ at 5 pg/ml, transfer 1 pl of 20 mg/ml CPZ solution into the 15 ml tube with 4 ml
of DMEM-FBS.

© IS0 2024 - All rights reserved
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5.2 Apparatus

5.2.1 Laminar flow cabinet, standard biological hazard
5.2.2 Incubator (37 °C, 95 % humidified, 5 % CO,/air)
5.2.3 Inverted phase contrast microscope

5.2.4 Centrifuge

5.2.5 Water bath

5.2.6 Mujtiple well plate reader

5.2.7 Tispue culture flasks

5.2.8 24 multi-well plates with flat bottom

5.2.9 Flag bottom 96-well black polystyrene microplate
5.2.10 8-channel pipette, 20-200 pl Hemocytometer
5.2.11 Copnical tube

5.2.12 Regervoir

5.2.13 Vortex mixer

5.2.14 Refrigerator

5.2.15 Freezer

5.2.16 UV/crosslinker (capable-oflight emission at A=365 nm), as a UVA source. Irradiation qf the test
plate shoulq be between 4 and6-mW /cm?.

5.2.17 UV{VIS spectrophotometer, capable of measurements in the wavelength range from 300 to 800 nm.

5.2.18 UV power meter, capable of measurements in the wavelength range from 315 to 400 nm

6 Samplepreparation

Following the basic principle of sample preparation, nanoparticles shall be dispersed in a biologically
compatible fluid with a reproducible procedure. These can include sonication and mixing by vortexing. NP
suspension for phototoxicity testing should be homogeneous and stable in aqueous solution for the duration
of the measurement (48 h). For dispersion, it may contain dispersants such as BSA. It is recommended to
use the newly dispersed NP for each test. Specific dispersing techniques are not discussed in this document.
Details for dispersion can be found in the references cited in the notes in Clause 6 and in Annex C.

NOTE1 Several procedures have been published that identify methods to reproducibly disperse nanoparticles and
characterize nanosuspensions and their stability, see References [2], [3], [4], [5], [6], and [Z].

NOTE 2  For information regarding biologically compatible chemical stabilizers, see Reference [8]. For information
regarding coatings such as albumin, see Reference [9].

© IS0 2024 - All rights reserved
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The size distribution of NP suspension and its stability over 24 h must be verified in culture medium. The
dispersion state of NP suspension may be characterized using DLS as described in ISO 22412.

NOTE3  The biomolecules and protein corona in the culture medium can increase the average size of NP and may
change the cellular uptake pathway.[11]

NPs can be contaminated with endotoxin (lipopolysaccharides, LPS) during production or handling.
Contamination by endotoxins confounds the result of tests in vitro. Therefore, the preliminary detection of
endotoxins is required in order to minimize the contamination by endotoxins or to confirm the insignificant
levels of endotoxins in the test sample (see ISO 29701).

7 Preparations

7.1 Gendral

All procedujres must be carried out under sterile conditions and in a laminar flow cabinet (biological hazard
standard).

7.2 Cultyre medium
The culturgd medium shall be sterile and meet the growth requirements of the NIH/3T3 cell line.
Storage confditions such as refrigerator temperature shall be validated:

NOTE

—

he stability of the culture medium varies with the compositien‘and storage conditions.
7.2.1 10 % Fetal bovine serum (FBS)

7.2.2 90 % Dulbecco modified eagle medium

7.2.3 High glucose

7.2.4 L-glutamine

7.2.5 Phdnol red

7.2.6 Sodiium pyruvate

7.2.7 10(Q pg/ml streptomycin

7.2.8 100 IU/ml] penicillin

7.3 Prep|aration of cell stock culture

If the cells are to be grown from cultures taken from storage, remove the cryoprotectant if present.
Subculture the cells at least once before use. When subculturing cells, remove and resuspend the cells by
enzymatic and/or mechanical disaggregation using a method appropriate for the cell line.

7.4 Verify viable cell growth

Prior to performing experiments on nanoparticles, characterize viability and doubling rates of the cells. Cell
growth rates: viability and doubling rates shall be characterized and monitored. Cell viability should remain
> 95 % by using a trypan blue exclusion assay.

© IS0 2024 - All rights reserved
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7.4.1 Grow the cells in 24 well plates for 24 h and 48 h.

74.1.1 Transfer 200 000 cells/ml in 500 pl of culture medium per well with eight replicates per time period.

7.4.1.2 Use one plate for each time period (24 h and 48 h).

7.4.1.3 Gently move the plates into the incubator without agitation to avoid disturbing cell attachment

resulting in

non-uniform deposition.

7.4.1.4 Verify thatincubators have been recently calibrated for: temperature, humidity, CO, concentration.

Record met

rics in a laboratory notebook to establish charting metrics.

74.1.5 At

741.6 M

74.2 Ass

74.2.1 R«

NOTE T
the corner of

74.2.2 W

each time point (24 h and 48 h), remove one plate from the incubator.
hke note of the apparent health and morphology of the cells with a stereo-microscop
ess cell number and viability with trypan blue.

emove culture medium from the wells with gentle pipetting.

It the plate at an angle of approximately 45 degrees and carefully<lide the pipette along thg
the well.

ash cells with PBS.

7.4.2.3 Add detaching agent (e.g., trypsin). Incubate at 37 °C until cells are fully detached from

min to 20 nj

74.2.4 R«

in depending on the cell line).

esuspend cells in fresh culture medium and collect the culture medium containin

centrifuge fube.

in the supernatant with the added cells in a centrifuge at 400 g for 5 min to form a p

scard the supernatant.

Adld 25 pl (4 g/1 trypan blue in PBS) to 100 pl culture medium.

bsuspend the'pellet in trypan blue or culture medium with a pipette.

bpositthe cells on a hemacytometer.

well wall to

the dish (2

g cells in a

bllet.

7.4.2.5 Sy
7426 D
7.4.2.7
7.4.2.8 R
7429 D
7.4.2.10

R 41 ot o1 1 £.1: Jq 1 Jd 1.1 Y 11 J 41 . salazles L£1s
CLUI'U UIT tuUldl ITUIIIoch Ul IIVE 4dIIU UtTdu [ UIUC) LTIIS 4dITU T pPCILTIU VIAUIIILY (11

e/total) by

counting the cells in the hemacytometer with a stereomicroscope. See Reference [13] for details.

7.4.2.11 Cell doubling times should be consistent with those expected for the cell line and the percentage of
viable cells through 48 h should be > 95 % prior to continuing with nanoparticle exposure experiments.

© IS0 2024 - All rights reserved
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iation conditions

7.5.1 UVA source

A UV crosslinker with light emission maximum at 365 nm wavelength and area larger or equal to the 96-
well plate. See Annex A. UV crosslinker should provide the irradiance at the test plate position between 4
mW/cm? and 6 mW/cm? as measured with a UV power meter.

NOTE

7.5.2 Light dose (insolation) measurement

The position of the plate must be marked so that it can always be placed in a consistent position.

The light intensity shall be checked regularly prior to phototoxicity testing using a suitable broadband UV

meter. Ligh
of UVA enery

D=Ixt

where

D ing

I lig
t ex]

NOTE L

7.6 Mult

Ensure thaf
to measure
Annex B.

8 Measurement procedure

All measurg

gy received on a given surface area over a given time) is calculated from:

ht intensity in watts per square centimetre;

posure time in seconds.

jple well plate reader

intensity I (irradiation) should be reported in units of W/cmZ. Actual insolation Dt

olation in joules per square centimetre;

ght attenuation by the 96-well plate lid window shouldbe accounted for while measuring lig

the instrument is operating properly pyior to performing the measurement. It shd
absorbance in the range of 300 nm t@ 800 nm. Reader uniformity should be tested 2

ment procedures follow-the steps of Figure 1.

btal amount

e8]

ht intensity.

uld be able
ccording to
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’ Preliminary steps

— Mycoplasma detection in cells and medium
— Cell condition and growth rate

— NPs size distribution in medium

— NPs endotoxin

— Plate reader uniformity

o ——————
—_— e, ———

\ — Potential NPs interference with MTS _7
\ 4
Harvest cells from culture dish using R .
Trypsin-EDTA > Perform the UVA exposure every 10 min
J .
Mese-S-if
A\ 4 y
\ 4
(Jount the harvested cells using a Carefully remove test solutioryand
counting chamber rinse the plate twice witht PBS
J .
v \4
N\ 4
Seed cells (5,000 cells/well) ]
with 100 pl in 96 well plate Add\I00 pl medium
J .
Incubate for 24 h Incubate for 24 h
vy at37°C, 5 % CO, y at 37 °C, 5 % (O,
\ 4
Prepgre test sample and positive control ) ] ]
solutions Treatment with MTS in Medium
J .
Incubate for 2/h
A4 at 37 °C, 5 % (O,
Carefully remove the medium and )
treafment with chemical control and NP Absorption measurement at 490 gm
Incubate for 24 h

at37°C, 5 % CO,

Figure 1 — Screeningprocess overview for the acute phototoxicity of NP
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8.1 Cell seeding (Day 1)

8.1.1 Fill 100 pl of PBS into the black colour wells and fill 100 pul of DMEM medium only into the white
colour wells of a 96-well plate (see Figure 2). In the gray colour wells, fill 100 ul of a cell suspension,
consisting of 5 x 104 cells/ml (= 5 x 103 cells/well) in the DMEM medium (10 % FBS).

r( N\

[

-
-

® oo oo oo e
@ 5000 b0 e
@ 0 000b0ek

@ OO0 0O|OIO @
@O PO OF
@ OOV PO @
SLINIISININISI 1S
@OV PO @
- @OV PO @]
L INIINISICINI I
- @OV PO @
@ OOV PO @

D
E
F ¢
G G
I |
18 _ 10 1 12 )]

. PBS|only

@ cell{dispensing area

O medium only

Figure 2 — Schematic diagram of a 96-well plate for cell seeding

8.1.2 Incybate cells in 5 % €O, 95 % humidity at 37 °C for 24 h.
8.2 Incubation of cells'with the positive control and NP suspension (Day 2)

8.2.1 Aftgr incubation, discard culture medium from the cells by suction and add 100 pl of DMEM medium
(phenol red free)(containing CPZ (the positive control) and NP suspension. Only add DMEM mé¢dium to no
treatment Wélls (please see Figure 3). Here, the concentration of CPZ at 5 pg/ml and the concentration of
the tested NPSuspension should be adjusted to match OD = I £ 0,1 at A = 305 nm. (e.g. for 110, NP the
concentration is about 100 pg/ml). Incubate cells with CPZ and NP suspension in 5 % CO,, 95 % humidity at
37 °C for 24 h.

NOTE Some NPs can be inherently toxic to test cells in the dark and can preclude the phototoxicity measurement.
Compare cell viability between wells B2, B3, B4 and B8, B9, B10 and confirm that the average viability in columns
B8, B9, and B10 is above 50 % (relative to B2, B3, and B4). The phototoxicity assay is not applicable to NPs which
demonstrate significant (above 50 %) cytotoxicity in the dark.
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Figure 3 — Schematic diagram of the phototoxicity test plate loading

pxposure (Day 3)

8.3.1 To perform the UVA exposure, centre the plate in the UV crosslinker, as shown in Figuy

cover the p
Expose that
off the UVA

ate with light shield (black paper and metal foil) leaving the first loaded row (row
row for 10 min/ The UVA light dose should be 2,4 J/cm?2 < D < 3,6 ]/cm?, see 7.5.1 ang

this over t

light and.move the shield to expose 2 rows (row F and G) again for the same periocg
e whole.plate will result in 5 rows at decreasing exposure levels with the last row

with no UVA exposure (dark reading). See Annex A for further information.

The maximpmAUVA dose (row G, 50 min total) should be adjusted in order not to exceed more t

e A.1. Next,
G) exposed.
| 7.5.2. Turn
. Repeating
(row B) left

han 20 % of

the viability decrease in the untreated cells (G2, G3, G4).

8.3.2 Upon expiration of the irradiation period, turn off the UV source, discard test solution by suction,
rinse the plate twice with 150 pl/well of pre-warmed (37 °C * 2 °C) sterile PBS.

8.3.3 Add 100 pl of DMEM medium and incubate in 5 % CO,, 95 % humidity at 37 °C overnight (18-24 h).

8.4 Cell viability assay (Day 4)

8.4.1 The cell viability is measured using MTS cell proliferation assay as described in ISO 19007.
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8.4.2 Thaw MTS reagents at room temperature or water bath at 37 °C. Prepare MTS solution in DMEM
according to the manufacturer's instructions.

NOTE Avoid air bubble formation while filling with MTS solution as it can affect the absorbance reading. Measure

absorbance at A=700 nm in addition to A =490 nm. Discard data for the wells that show elevated absorbance at
A=700 nm.

8.4.3 Discard DMEM medium from cells by suction and immediately fill with 120 pl/well of MTS mixture
in each well of the plate.

8.4.4 Incubate the plate at 37 °C for 2 h in a humidified, 5 % CO, atmosphere.

Heia-g—a-narEialasaall alor o oo Jd oo
T O STITS o IO crpre—vy O pracc T CaacTs

845 R rd tlba ol rlhhgxnoa foro b ol o] o4 2
D & ecpretre-apnSoroancerorooth practcs—a

8.5 Evalyation of artefacts due to possible NP interferences with the MTS assay (inl the dark)

In terms of NPs interference in MTS assay, four possibilities must be considered, as shewn in Fighre 4.

” ~
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formazan control

RO

NPs with formazan

Figure 4 — Schematic diagram of the interference test plate loading
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8.5.1 Some NPs can directly interfere with the optical readout of MTS assay.

To assess for this interference: incubate NPs in media at the same concentration as in 8.2.1 (column 4) and
compare to media-only control (column 3). Measure optical absorbance at A=490 nm.

8.5.2 Extracellular NPs adsorbed to cells can also bind tetrazolium salt outside cells and prevent formazan
product formation.

To check for this interference: incubate NPs with MTS substrate (tetrazolium salt) only (column 6) and

compare to MTS substrate control (column 5). MTS reagent concentration should be the same as in 8.4.3.

8.5.3 Extracellular NPs adsorbed on cell membrane can catalyse tetrazolium salt to soluble formazan.

To check fqr this interference: incubate NPs with MTS substrate and NADH (co-factor) (celymn 8) and

compare to
is 250 umol

8.5.4 Ext

To check fa
control (col
treated in ¢

NOTE Al
mean and va
should be th
is within the
ignored.

8.6 Data
8.6.1 Calq

8.6.2 Plot
“nanopartic

NOTE S
there isno d

MTS + NADH control (column 7). MTS concentration is the same in 8.4.3 and NADH ¢o
1.

racellular NPs can bind formazan and interfere with absorbance readings!

r this interference: incubate NPs with formazan only (column 10).and compare
imn 9). The same MTS + NADH control as in column 7 is loaded in‘celumns 9 and 10,
plumn 10 after 2 h to compare absorbance.

ssessment of potential optical path interference artefacts dueto)NP dosing can occur by ey
Fiance of the absorbance of wells in the separate plate layout. To‘evaluate the interference, NP c
b same as in 8.2.1. If the mean of the absorbance of wells, insthe NP-treated group (columns 4
mean and variance of non NP-treated group (columns 3,5,7, and 9), interference by the treat

analysis

ulate averages and standard deviations‘for three replicate wells before calculating c

» o«

cell viability as a function of UVA exposure duration for “no treatment”, “positive ¢

les” column data with row B'asa 100 % viability reference.

bme NP such as SiO,, TiO;, afid ZnO have demonstrated certain cytotoxicity even without
fference in MTS absorbance between the NP-treated group (B8-B10) and non NP-treated gr

toxicity by tlhe treated NP regardless’of UVA irradiation does not need to be considered. This is when th¢

B10 exist wi

8.6.3 Fit:

hin the mean andvariance of B2-B4.

111 three pletsito a linear function and determine the slopes (ay, a,, and as).

8.6.4 Conppareithe linear slopes for all three samples in columns 2 to 4, 5 to 7, and 8 to 10.

centration

o formazan
and NPs are

raluating the
bncentration
,6,8, and 10)
ed NP can be

ell viability.

ontrol”, and

UVA light. If
oup (B2-B4),
mean of B8-

8.6.5 Con
readings.

NOTE

: 41 N N 1 4.4 1 1 4 49 4 1 1€ 4] AND £ :
TN UIT HILCIISILY T COTUIIIT T L dITU COTUTIIITS 1, 14 LU LIICUK TUT ULHHE INT TIILCT ITT CIICC 11T

absorbance

Assessment of potential optical path interference artefacts due to NP dosing can occur by evaluating

the mean and variance of the absorbance of wells in column 11. These blanks undergo the same procedure (same
incubation time, discharge after UVA exposure, incubation with MTS substrate) than exposed cells in columns 8 to
10. If the mean of the absorbance of wells in column 11 is not within the mean and variance of the only MTS reagent
wells (columns 1 and 12), it can suggest that the remaining NP in column 11 has not been adequately removed during
PBS washing step, introducing the interference artefacts.l15] Therefore, this protocol cannot be used if repeated
experiments yield the same results.
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8.6.6 Adjust the “treatment” and “positive control” slopes for negative control by subtraction:

Az :az

Az =a3

—a
1

(2)

8.6.7 Calculate the sample phototoxicity T relative to the positive control by taking the ratio of A; and A,

NOTE

9 Repornt

T=4,/45

9.1 Test

(3

Cell viability for “no treatment” at a maximum UVA exposure (row G) should not be lower than 80 %.

report

The test regort shall include the following information:

test datfe;

a refergnce to this International Standard, i.e. ISO 4962:2024;

name o

f the testing laboratory;

full defails concerning the test sample (manufacturers pame, manufacturing date, batch
particl¢ size, intended application, MSDS);

the ma
absorb
the ma
the ma
the ma

the ma

the mapufacturer’s nanieand lot# of MTS (3-(4,5-dimethylthiazol-2-y1)-5-(3-carboxymethox]

hufacturer’s name and lot # of cell line (mouse fibroblast);

ince spectrum of stock NP suspension-attest concentration in DMEM medium (phen
hufacturer’s name and lot # of DMEM culture media;

hufacturer’s name and purity of Chlorpromazine hydrochloride;

hufacturer’s name and putity of FBS;

hufacturer’s name and purity of BSA;

(4-sulfephenyl)-2H-tetrazolium);

the ma
the ma

the ma

hufacturer’s name and lot# of Trypan blue solution (4 g/1);

hufacturer’s name and model number of the UV crosslinker;

no., purity,

1 red free);

yphenyl)-2-

hufacturer’s name and model number of the UV power meter:
I

the manufacturer’s name and model number of the 96-well plate;

the manufacturer’s name and model number of the 96-well plate reader;

the detailed description of the 96-well plate reader settings used for absorbance measurements;

description of the UV light shield (see 8.3.1);

records of observations;

assessment of the results, including statistical methods.
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9.2.1 Light intensity of the UVA light source, measured with UV power meter, expressed in W/cm?

(see 7.5.2).

9.2.2 Cell doubling time according to 7.4.2.9.

9.2.3 The Aj9g , absorbance values, for each well at 490 nm in table format (see 8.4.5).

Table 1 — Absorbance values for the 96-well plate

1

2

3

4

5

6

7

8

9

10 11

12

A(4

1)

A(A2)

A(A,3)

A(A4)

A(A,5)

A(A,6)

A(A7)

A(A,8)

A(A)9)

A(A,10) A,

A(A12)

A(

3,1)

A(B,2)

A(B,3)

A(B,4)

A(B,5)

A(B,6)

A(B,7)

A(B,8)

A(B9)

A(B,10)[A(B,

A(B,12)

A(

1)

A(C,2)

A(C,3)

A(C4)

A(C,5)

A(C,6)

A(C,7)

A(C,8)

A(C,9)

A(Cs10)A(C,1

1) |A(C,12)

A(

D,1)

A(D,2)

A(D,3)

A(D,4)

A(D,5)

A(D,6)

A(D,7)

A(D,8)

A(D,9)

A(D10) |A(D,

A(D,12)

A(

,1)

A(E,2)

A(E,3)

A(E4)

A(E,5)

A(E,6)

A(E,7)

A(E,8)

A(E,9)

A(E,10) |A(E,

A(E,12)

A(

1)

A(F2)

A(F3)

A(F4)

A(F5)

A(F6)

A(F7)

A(F8)

A(F9)

A(F,10) |A(F1

1) |A(F12)

A(

h1)

A(G,2)

A(G,3)

A(G4)

A(G,5)

A(G,6)

A(G,7)

A(G,8)

A(G,9)

A(G,10) |A(G,]

1) |A(G,12)

T|oO|mimoloO|@m| >

A(

1,1)

A(H,2)

A(H,3)

A(H,4)

A(H,5)

A(H,6)

A(H,7)

A(H,8)

A(H,9)

A(H,10) |A(H,

A(H,12)

9.2.4 Cell
“nanopartig

9.2.5 Sloj

9.2.6 Adjpisted plots Ay, A,, Az (see 8.6.6).

9.2.7 ValgeofT.

10 Precis

10.1 Repe

The absolut
the same s3
measuring

Typical pre
Annex D.

ion

atability

es of linear fits to plots in 9.2.4 (a;, a,, and ag).

viability plots as a function of UVA exposure durationer “no treatment
les” column data.

e difference betiveen two independent measurements carried out within a short tim
mple in the same laboratory by the same operator using the same experimental an
evice, willnot exceed the repeatability limit, r, in more than 5 % of cases.

cision “data for three different laboratories obtained in an inter-laboratory test 3

» o«

, “positive ¢

ontrol”, and

e period, for
d analytical

re given in

10.2 Reproducibility

The absolute difference between two individual measurements carried out using the same test method, for
the same sample in different laboratories by different operators using different experimental and analytical
measuring devices, will not exceed the reproducibility limit, R, in more than 5 % of cases.

Typical precision data for three different laboratories obtained in an inter-laboratory test are given in

Annex D.
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Annex A
(informative)

Schematic diagram of 96-well plate position

Ensures the positioning of a 96-well plate in the UV crosslinker at the same central location, as shown in

Figure A.1.
= /
Key

1 UV exposure time

NOTE This figure shows the position of a 96-well plate inside the UV crosslinker and the schematic of the
prescribed illumination sequence accomplished by sequential movement of the mask.

Figure A.1 — Schematic diagram of 96-well plate position
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Annex B
(informative)

Verification of plate reader uniformity

Verification of plate reader uniformity involves the following steps.

a) Thaw MTS reagents at room temperature or water bath at 37 °C. After completely thawing the MTS
reagents, 2,5 ml MTS reagents are mixed with 12,5 ml DMEM medium (phenol red free).

b) Fill with 120 pl/well of mixture in each well (B2-G11).
c) Incubate the plate at 37 °C for 1 h in a humidified, 5 % CO, atmosphere.
d) Record|the absorbance at 490 nm using a multiple well plate reader.

Table B.1 shows the absorbance values of MTS/DMEM medium mixture at 490 nim\

Table B.1 — Absorbance value of MTS/DMEM medium mixture at 490 nm

2 3 4 5 6 7 8 9 10 11
01729 01761 |0,1759 |(0,1781 |0,1782 (0,178 0,1771 10,1755 0,177 0,176 9
017453 10,1764 |0,177 0,1784 (0,177 0,1782.- (10,1802 |0,1788 (0,18 0,177 6

01731 (01771 |0,1762 |(0,1784 |0,1776 [0,4801 |0,178 0,1745 10,1797 | |0,1792
0,146 (01744 |0,1754 (0,176 0,176 0,176 5 10,1784 |0,1769 |0,1789 | |0,176 8
01752 (0,176 8 |0,1751 0,758 |0,175 01753 10,1775 |0,1758 10,1782 | |0,177 2
01708 |(0,1706 |0,1711 (0,716 |0,x%27 |(0,1754 |0,1746 (0,1697 (0,171 0,171 4

O|Mmmo|lO |l

— SD=0,002 728, Mean = 0,175 91
— (CV=0,002728/0,17591x100=1,55077 %

CV (Cogfficient of Variation, % )= Standali\‘j Deviation x100
ean
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Annex C
(informative)

Dispersing procedure for TiO, nanoparticles in DMEM

C.1 Steps to prepare aqueous TiO, nanoparticle dispersion

ambienlt temperature until further use. Do not refrigerate.

s to prepare TiO, nanoparticle dispersions in DMEM (phenol red fre

ve the desired concentration in a 50 ml DIW volume.
weighed mass of powder to a 100 ml, # 5 cm diameter cylindrical glass beaker

e beaker inside the 125 x 65 mm glass dish and secure the beaker in the centre of the
ps or other locking device to ensure that the beaker remains in place dutifig sonicati

125 x 65 mm glass dish with enough water and chopped ice to allpw-for the ice watg
Ke the beaker to approximately the level of the water contained in‘the beaker.

sonicator setting that yields a delivered power of approximately 50,0 W.

e the sonicator at this delivered power level for45'min, using an 80 % pulsed opef

nication, transfer the aqueous dispersion‘te an amber borosilicate glass container

e a 10 mg/ml TiO, aquegus-dispersion dispersed in C.1.

e 50 ml of DMEM-EBS-by mixing 5 ml of FBS with 45 ml of DMEM (1x). The resultin

),8 g of BSApowder and transfer to a 10 ml amber glass vial. Add 10 ml of DIW to t
, seal and.géntly shake to allow for complete dissolution of the BSA. Do not use the H
sible material is completely absent (allow approximately 1 h). The final product is a
ml BSA-solution in DIW.

Using an analytical balance and an aluminum or polystyrene weighing dish, weigh 0,5 g of TiO, powder

dish by use
b1,

r bath level

e the sonicator horn into the liquid in the beaker down to about 2,5 cm below the liguid level in
ker. Centre the horn in the beaker; the horn should not touch the sides or the bottom o

Fthe beaker.

ation mode

% on / 20 % off during each second of operation'time), or similar on/off time sequernce.

ind store at

e) with

> pH should

he vial with
SA solution
[ransparent

ul-ef the 80 mg/ml agueous BSA solution into a clean 10 ml amber glass vial.

a)
to achig
b) Add thg
c¢) Placeth
of clam
d) Fill the
to enca
e) Immery
the bea
f) Selects
g) Operat
(e.g., 80
h) Afters
C.2 Step
10 % FBS
a) Prepar
b) Prepar
be = 7,4.
c) Weigh
the BS/
until vi
80 mg
d) Add 19
e)
f)
g)

Add 150 pl of the 10 mg/ml TiO, aqueous dispersion into the vial with 19 pl of BSA solution.

Using a calibrated pipette, add 14,83 ml of the DMEM-FBS prepared in b) to a 30 ml amber glass vial.
Transfer 169 pl of the TiO,/BSA/DIW mixture obtained in e) into the 30 ml vial with 14,83 ml of DMEM-

FBS, to yield a 100 pg/ml (TiO,), 100 ug/ml (BSA) dispersion in DMEM-FBS. The pH of the resulting
dispersion should still be comparable to that of the original medium. This procedure results in a 1,1 %
dilution of the DMEM-FBS by the water added with the TiO, and BSA stocks.
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