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Deposition of AdMas on
Transwells

Fluidizer as an aerosol generator:

* Need to reduce in vivo testing

« Challenges on in vitro exposure of AdMas such as CNTs:
» CNTs tend to strongly agglomerate in dispersions
» Air-liquid interface systems - long sampling time
* Need for toxicologically relevant aerosol at sufficient amount



Fluidizer — aerosol generation

 Aerosol generation by powder fluidization

Dust

Fluidizer T

Aerosol

" MWCNT-
ubbling
fluidized ~ powder
T bed

Sample holder 13Chich

‘ } Powder column I
Vibration

Airflow
 S—

I Vibration platform | ﬁ $44 1 Air

Brofsell et al. 2019 (Powder Technology)
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Fluidizer - deposition by thermophoresis

. National Institute for Public Health
and the Environment
Ministry of Health, Welfare and Sport

 Fluidizer + Vitrocell 6/3 and 6/4 exposure modules

CA

Reducing Vaive
MassFlowController

Nafion Humidifier

Vitrocell 6/3 CF exposure madule
Vitrocell 6/4 CF exposure module
Thermal bath humidifier (33.68°C)
Thermal bath module lid (52°C)
Thermal bath module base (37°C)
TIRA shaker

10:  Fluidized bed

11:  Flexible conductive tubing

12: Laser displacement sensor

13:  Oscilloscope

14:  Signal generator

DOENOID BN

15:  Amplifier
16:  Flow splitter (Institute's design)
17: Diuter

18.  Flowspiitter TSI
19;  Gravimetric filter
20: Critical capiairy

F Fiiter (Dutch weave/Cellulose)
TS: Test substance

VAC: Vacuumpump

CA:  Compressed dry A
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Spherical nanoparticle

Graphene

Graphene oxide

Successful in generating stable,
respirable aerosols

Aerosol concentrations need to be
increased at least 10-fold

Vandebriel et al. in preparation




Fluidizer - deposition by filtration

HEPA

Commercial
T Sampler Costar transwell inserts
Qm2=03 tpm 1 Commercial vacuum components - We
@p1=121pm . CpPC 1 y S
—_— Mixing chamber —~ N )
QM1:1.2 lpm \ 1

L

UU\ M/ 3x cell exposure

Inserts

 Controlled aerosol generation and deposition by filtration onto transwell inserts

1x SEM analysis

ump
Sample holder

I Vibration platform

QS=0.5 lpm

—_—

3D printed insert for transwell

(flexible resin, elastomer)
I
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Deposited aerosol of MWCNTSs

NM401; d: 66-95 nm ’ NC7000; d: 16-21 nm
33 Million partieles/insert ", '

/": SR

29 Million particles/insert

'1»4

« Homogeneous samples of toxicologically relevant aerosol deposited with high proportion of single fibres even for tangled fibres
* Generate samples with up to 100 million particles/insert — higher doses can be achieved
* CPC-SEM particle number concentration correlation and mass — ongoing

&8 MACRAME 6




Fixation of the deposited aerosol

 Coating of transwell inserts with a double layer of fibronectin (10 ug/ml) to help
deposited fibers stay in place when macrophages are added

—» transwell insert

Fibronectin nebula

apical
compartment

—» basal compartment

—» porous membrane with

deposited fibres
l Set to ALl

1 st el . . R ) -
TransweII' with a 1 CNT depOSItlon ond Fibronectin coatlng R media equilibrated to
layer of fibronectin basal compartment

" Incubation (18h) and measure of different 'BER&D
endpoints such as LDH and GLU
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Fixation of the deposited aerosol

* Fibres remain fixed on the inserts after macrophages are added

Before conditioning/washing After conditioning/washing

Bright field confocal microscopy
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Macrophage response IBE-..

» Dose response effects observed with NM-401 at 50 and 60 million particles/insert

LDH GLU
10

25

X 2.9

20

x 2.1

% High Control
% High Control

Control 50M 60 M Control 50M 60 M
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Correlative Microscopy

* Imaging techniques to verify and visualize
the uptake of AdMas

« Combining different instruments
* Chemical identification and 3D positioning of AdMas
in cells (Raman microscopy)
» High-resolution imaging of cells (SEM)



Graphene-related materials are C-based

[ defective carbon ]

soot particle

amorphous carbon)

graphene oxide flake

(functionalised carbon)
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Workflow for correlative microscopy : Part I

cut out transwell insert

bottom with treated & buffer 100% critical point ]
fixed cells % EtOH FtOH drying E=
= e L,‘-' —

TS B =S

brightfield image, orange arrows
pointing at MWCNT

WITec alpha RA 300 apyron
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Workflow for correlative microscopy : Part II

s .oo’__: ‘.. e
Co e .
sputter coating e N

with 8nm gold

' high-resolution
4 imaging

for SEM

Phenom XL Desktop SEM Hitachi SU8230 SEM
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Correlative microscopy
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Raman Results

« Raman mapping and z-stacking

« Identification of substances by their spectra

NR8383 cell

150

CCD cts

200

Tnwmdn M

o
S4

NM401 MWCNT |

1200 1600

2000
rel. 1/em

2400

2800

3200

 3D-reconstruction

orange arrows pointing at MWCNT, scale in um

3rd November 2025
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SEM Results

* top view (Phenom Desktop SEM) * 3D-image from 45° tilted sample (Hitachi SEM)

orange arrows pointing at MWCNT orange arrows pointing at MWCNT
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Conclusions



Conclusions

« Experimental procedure to expose aerosol relevant de-agglomerated fibers to macrophages has
been developed and proved applicable
« Controlled dose
« Number-based dose can be calculated with CPC and SEM image analysis
« Different endpoints can be measured

« The use of correlative microscopy, combining Raman and scanning electron microscopy, has
been shown to offer significant advantages
 enables the clear identification of carbon-based nanomaterials in biological samples, even inside cells
 provides high-resolution images

&8 MACRAME
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