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A multi-disciplinary & integrated
platform for nanosafety

• Physico-chemical characterisation
• Size and morphology: Electron microscopy, Differential centrifuge sedimentation, X-ray diffraction, Surface area

• Chemical composition (bulk and surface): Energy dispersive X-ray (EDX), X-ray photoelectron spectroscopy (XPS)

• Multielemental determination in complex matrices (soli d and liquid)
• Particle induced X-ray emission (PIXE)

• In vivo animal testing
• Oral administration; whole-body airborne nanoaerosol exposure

• Clinical data: plasmatic, urine and feces analysis; biochemistry; hematology; histopathology

• Tissue distribution; biopersistance

• Ex vivo human and animal testing
• Hemocompatibility: impact on red blood cells (hemolysis), platelet function and coagulation

• In vitro testing
• Cell culture platform for in vitro studies

• Tissue engineering (skin, intestine and lung exposure models) and signalling studies

• Adaptation of testing methods for nanomaterial and nanoparticle safety assessment

• Toxicogenomics & Toxicoproteomics
• Microfluidic Real Time RT-PCR

• Gel and gel free proteomics



Multidisciplinary expertise

• Nanomaterial (NM) & nanoparticle (NP) physicochemical characterisation (pristine 
forms, dispersions, complex matrices including food)

• NM and NP fate and biodistribution studies (at cellular and organ levels)

• Assessment of NM & NP potential toxicity: in vitro & in vivo testing following OECD 
guidelines

• Metrology, cross validation and standardisation of assays for regulatory purposes: 
validated supplier of the EC-JRC IRMM ; 

expert for the OECD WPMN; 

partner of the QNano Infrastructure

• Animal whole-body exposure to standardized airborne nanoaerosols: local and 
systemic impacts; biopersistance

• Hemocompatibility studies of NM & NP: animals and human

• NM & NP-induced changes in cellular signalling and gene expression at 
transcriptomic and proteomic levels



Contact: nnc@fundp.ac.be
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Hemocompatibility



H50 : NP concentration (µg/mL) inducing 50% of 
hemolysis

SiO2
220

(177 – 272)

SiC
>500a

(30%)b

CB
>500
(8%)b

MWCNT
SWCNT

C60
TiC
CuO

>500a

a: <5% of hemolysis at 500 µg/ml; b: % of hemolysis at 500 µg/mL; 
Negative control = suspending media (0% of hemolysis); Positive 

control = Triton X-100 1% (v/v) (100% of hemolysis); n = 3.

Impact on RBCs: hemolysis

SiO2, SiC and CB induce 90%, 30% and 15% of 
hemolysis at 500 µg/mL, respectively.

TiC, MWCNT, SWCNT, CuO and C60 have no 
hemolytic activity (<5%) at 500 µg/mL
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NPsNPsAggregatedAggregated
plateletsplatelets

Impact on platelet function 

• Assessment of existing methods to study 
the potential impact of NMs on platelet 
functions (adhesion/activation/aggregation)

• Techniques known as « quantitatives » : 
− Optic aggregometry (based on the principle 

of turbidimetry),

− Impedance aggregometry (Multiplate®), 

− PFA-100®, 

− Platelet count, 
− Flow cytometry, 

− Impact-R ®

• Techniques known as « qualitatives »:
− Contrast microscopy, 

− Scanning (SEM) or transmission (TEM) 
electron microscopy

• Most available techniques are not suitable
for high NP concentration

The Impact-R method used 
in combination with SEM can 

be recommended for the 
evaluation of NP impact on 

platelet function
Laloy et al., J. of Throm. Hemostais, 2011



CONTACT PATHWAY
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Impact on coagulation 
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Hemker HC et al., Pathophysiol Haemost Thromb. 2002; 32(5-6):249-53
Robert et al., Pharmacological Research. 2009; 59(3):160-166

Impact on coagulation 

• Study the impact of NPs on coagulation using human normal pool plasma (NPP):

• Plasma clotting is triggered by the addition of calcium chloride to NPP in contact with 
specific coagulation inducer: 

5 pM tissue factor + 4 µM phospholipids

1 pM tissue factor + 4 µM phospholipids

4 µM phospholipids

• The acquired data are automatically processed by the Thrombinoscope® software to give 
thrombin generation curves and measurement parameters.



Effects on contact pathway

(4 µM PL)
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Laloy et al., Nanotoxicology, 2011

With 4 µM PL (contact pathway): 

SiO2 > TiC – SiC > CuO > CB > MWCNT – SWCNT – C 60



• Concrete proposals for guidelines and/or guidance:

• cTGT as a reference method to investigate the potential procoagulant 
activity of NPs. This fast, reproducible, relevant and sensitive method is 
suitable to screen any NM in the context of the preclinical evaluation of its 
hemocompatibility.

• The potential procoagulant of NMs should be assessed in human normal 
pool plasma by cTGT using 4 µM PL and 16.7 mM CaCl2 as contact 
pathway clotting inducer.

• The NP suspensions should be prepared in the most physiological media, 
avoiding sonication and the use of dispersants which can modify the NP 
characteristics, especially in terms of particle size distribution.

• The physicochemical characterisation of nanopowders and suspended NPs 
should be carried out as complete as possible, in order to ensue that their 
properties would be kept as close as possible to the engineered ones when 
brought in contact with the biological targets.

Laloy et al., Nanotoxicology, 2011

Impact on coagulation 



AFM – cTGT on MDA-MB-231
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Thrombin generation curves of NPP spiked 
with MDA-MB-231 cells (Cells) or 
supernatant from MDA-MB-231 cells (Sup). 
In control condition, NPP is spiked with PBS. 

3 x 3 µm² 1 x 1 µm²

- AFM to selectively visualize CD142 positive MPs and quantify MPs

- cTGT to measure their procoagulant activity

- The mean size of MPs released by MDA-MB-231 
cells, as estimated from 1200 MPs, was 38 ± 9 nm 

[range: >20 nm to 60 nm]

- The TF-MP concentration produced by 12 X 106

MDA-MB-231/ml was between 420 x 1010 and 420 x 
1011 MPs/ml
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