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Overview

Blood vessel

Tissue

Accumulation of ambient black carbon particles within key memory related brain 
regions

Vanbrabant K, et al. Jama network open, 2024
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What happens here Can influence health here

Developmental origins of health and disease (DOHaD)
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Impact of early life exposure to CNP’s on brain development?
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GD = gestational day (mating = day 0), PND = postnatal day (birth = day 0)
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Whole-body inhalation units

Top view of cage

Particle generator

Exposure to carbon nano particles



GD = gestational day (mating = day 0), PND = postnatal day (birth = day 0)

Experimental timeline

CNPs = carbon nanoparticles
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Postnatally exposed offspring shows altered behaviour in the open field test

*One-way ANOVA; ● red symbols = females and ● blue symbols males
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*One-way ANOVA ; ● red symbols = females and ● blue symbols males
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Postnatal 
exposure to CNPs Anxiety-like behavior

CNPs = carbon nanoparticles

Postnatally exposed offspring shows altered behaviour in the open field test
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GD = gestational day (mating = day 0), PND = postnatal day (birth = day 0)

Experimental timeline

CNPs = carbon nanoparticles
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Exposure during early life does not alter cognitive behavior of mature adult mice
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Exposure during early life does not alter cognitive behavior of mature adult mice

Early-life 
exposure to CNPs

Cognitive behaviour

CNPs = carbon nanoparticles



Is there a priming effect of CNP’s exposure on cognitive behavior?

Adult re-exposure



GD = gestational day (mating = day 0), PND = postnatal day (birth = day 0)
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Re-exposure to air pollution affects spatial memory of adult mice in the object 
location task

*One-way ANOVA; ● red symbols = females and ● blue symbols males
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Re-exposure to air pollution affects spatial memory of adult mice in the object 
location task

*One-way ANOVA; ● red symbols = females and ● blue symbols males
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CNPs = carbon nanoparticles

Re-exposure to air pollution affects spatial memory of adult mice in the object 
location task

Re-exposure to 
CNPs Cognitive behaviour



Carbon particles can be observed
in the hippocampal region of
exposedmouse brains

Neuronal cells are stained with neuronal
nuclear maker (NeuN, green) and a nuclear
stain (red)



Particle transfer into the brain

CNPs = carbon nanoparticles, CCB = conductive carbon black, and TPAF = background signals
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Particle transfer into the brain
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Proteomic profiling of exposed mice brain

Olink® Target 96 Mouse Exploratory panel



Proteomic profiling of exposed mice brain

Olink® Target 96 Mouse Exploratory panel; Multiple linear regression models were adjusted for sex and weight
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Proteomic profiling of exposed mice brain

Olink® Target 96 Mouse Exploratory panel; Multiple linear regression models were adjusted for sex and weight



Higher levels of CNPs in

the brains of pre- and

postnatally exposed mice

were related to increased

anxiety-like behaviour

and impaired spatial
memory in exposed

offspring.

CONCLUSION



Higher levels of CNPs in

the brains of pre- and

postnatally exposed mice

were related to increased

anxiety-like behaviour

and impaired spatial
memory in exposed

offspring.

CONCLUSION

STRENGTHS
• Complete neurobehavioural

assessment from birth to

adulthood in mice
• Focused on the ultra fine fraction

of air pollution

LIMITATIONS
• Presence of background

exposures may dilute the effects of
the observed findings

STRENGHTS AND 

LIMITATIONS



Higher levels of CNPs in

the brains of pre- and

postnatally exposed mice

were related to increased

anxiety-like behaviour

and impaired spatial
memory in exposed

offspring.

• Investigate potential

underlying pathways

• Validation within our
ENVIRONAGE birth

cohort study to

confirm our findings

CONCLUSION FUTURE

STRENGTHS
• Complete neurobehavioural

assessment from birth to

adulthood in mice
• Focused on the ultra fine fraction

of air pollution

LIMITATIONS
• Presence of background

exposures may dilute the effects of
the observed findings

STRENGHTS AND 

LIMITATIONS



THANKS TO…

Collaborators

Drs. Leen Rasking
Drs. Maartje Vangeneugden

Dr. Roel P. F. Schins
Prof. Hannelore Bové

Prof. Marcel Ameloot
Prof. Tim S. Nawrot

Prof. Tim Vanmierlo
Prof. Flemming R. Cassee

Prof. Michelle Plusquin



Pups in womb
CNPs

Clean air

n = 20 
pregnant dams

n = 52 pups
CNP-exposed

n = 52 pups 
sham-exposed

GD 8, 9, 16, 17

CNPs = carbon nanoparticles

GD = gestational day (mating = day 0)

Experimental groups



Pups in womb
CNPs

Clean air

Clean air

n = 20 
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CNPs = carbon nanoparticles

VSP-G1, Nanoscience Instruments website

CNP generation



Whole-body exposure setup



• Particle number
(condensation particle counter)

• Real time mass measurement 
(tapered element oscillating microbalance)

• Size distribution of particles
(scanning mobility particle sizer)

• Gravimetric mass concentration
(measured by weighing filters)

Exposure characterization and monitoring
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*One-way ANOVA (α = 0.05); test was carried out for 5 min on postnatal day 19
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*One-way ANOVA (α = 0.05); test was carried out for 5 min on postnatal day 19

Early-life 
exposure to CNPs

Olfactory function 

Olfactory function



*One-way ANOVA (α = 0.05); test was carried out for 1h

Maternal behavior

S
ha

m
P
re

P
os

t

P
re

 &
 p

os
t

S
ha

m
P
re

P
os

t

P
re

 &
 p

os
t

S
ha

m
P
re

P
os

t

P
re

 &
 p

os
t

0

10

20

30

40

50

60

70

80

90

100

M
a

te
rn

a
l 

b
e

h
a

v
io

r 
o

b
s

e
rv

a
ti

o
n

s
(%

)

Nursing

Grooming

Nest building

Out of nest

Eating/drinking

PND 2 PND 8 PND 14



*One-way ANOVA (α = 0.05); test was carried out for 1h

Early-life 
exposure to CNPs
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