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Adverse brain processes:

- Neuroinflammation

- Oxidative stress

- Blood-brain barrier disruption
- Epigenetic modifications

- Neurodegeneration
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Accumulation of ambient black carbon particles within key memory related brain

regions
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Developmental origins of health and disease (DOHaD)

What happens here Can influence health here
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irborne Soot Particles and [\eurobiological Outcomes

Objective

Early life exposure
In utero Pup

Impact of early life exposure to CNP’s on
brain development?



irborne Soot Particles and [\eurobiological Outcomes

Objective

Early life exposure Adult re-exposure

In utero Pup
||»

Impact of early life exposure to CNP’s on Is there a priming effect of CNP’s
brain development? exposure on cognitive behavior?




Early life exposure

In utero Pup

Impact of early life exposure to CNP’s on brain development?



Experimental timeline

birth
GD 20

GD 0 prenatal PND 0 postnatal

] |—'exposure ’—I ] |—' exposure’—|

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



Experimental timeline

Prenatal exposure

to CNP
%‘ﬂ '\) -:‘_'-.'_.‘
birth
gleng Sham exposure Postnatal exposure
GD 0 prenatal postnatal to clean air to CNP

Prenatal & Postnatal
exposure to CNP

“

CNPs = carbon nanoparticles

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



Experimental timeline

birth
GD 20

GD 0 prenatal PND 0 postnatal

] |—'exposure ’—I ] |—' exposure’—|

Microglia colonization and maturation

Neurogenesis

Oligodendrogenesis/astrogenesis

Axonal growth
Interneuron migration
Synaptogenesis

Synaptic pruning

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

Prenatal exposure
to CNP

Sham exposure Postnatal exposure
to clean air to CNP

-~ S

Prenatal & Postnatal
exposure to CNP

CNPs = carbon nanoparticles



Experimental timeline

birth
GD 20

GD 0 prenatal PND 0 postnatal

] |—'exposure ’—I ] |—' exposure’—|

Microglia colonization and maturation

Neurogenesis

Oligodendrogenesis/astrogenesis

Axonal growth
Interneuron migration
Synaptogenesis

Synaptic pruning

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

Prenatal exposure
to CNP

Sham exposure Postnatal exposure
to clean air to CNP

- S

Prenatal & Postnatal
exposure to CNP

(™

‘@ .\ i, !

CNPs = carbon nanoparticles



Experimental timeline

prenatal postnatal

] |—'exposure ’—I ] |—' exposure’—|

Microglia colonization and maturation

Neurogenesis

Oligodendrogenesis/astrogenesis

Axonal growth
Interneuron migration
Synaptogenesis

Synaptic pruning

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

Prenatal exposure
to CNP

Sham exposure Postnatal exposure
to clean air to CNP

£ -

Prenatal & Postnatal
exposure to CNP

CNPs = carbon nanoparticles



Exposure to carbon nano particles
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Experimental timeline
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Postnatally exposed offspring shows altered behaviour in the open field test
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‘ Postnatally exposed offspring shows altered behaviour in the open field test
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‘ Postnatally exposed offspring shows altered behaviour in the open field test

CNPs = carbon nanoparticles

Postnatal
exposure to CNPs

Anxiety-like behavior
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Exposure during early life does not alter cognitive behavior of mature adult mice

‘5 hours
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Exposure during early life does not alter cognitive behavior of mature adult mice

Early-life | — _
exposure to CNPs x | | Cognitive behaviour

CNPs = carbon nanoparticles



Adult re-exposure

Is there a priming effect of CNP’s exposure on cognitive behavior?
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Re-exposure to air pollution affects spatial memory of adult mice in the object
location task
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Re-exposure to air pollution affects spatial memory of adult mice in the object
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Re-exposure to air pollution affects spatial memory of adult mice in the object

location task

Re-exposure to
CNPs

Cognitive behaviour

CNPs = carbon nanoparticles




Carbon particles can be observed
in the hippocampal region of
exposed mouse brains

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

1 mm



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



Proteomic profiling of exposed mice brain
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Proteomic profiling of exposed mice brain
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Proteomic profiling of exposed mice brain
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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.
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Experimental groups
GD 8,9, 16, 17

n = 52 pups
CNP-exposed

n =20
pregnant dams

n = 52 pups
sham-exposed

CNPs = carbon nanoparticles
GD = gestational day (mating = day 0)



Experimental groups
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CNP generation
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‘ Whole-body exposure setup

N2

1. Supply air humidifier:

* Pump

e Control valve

e HEPA filter

* Omron Ultra Sonic Nebulizer
2. Supply air pump.
3. HEPA filter.
4. Control valve air supply EXPO unit + overflow HEPA
filter.
5. Control valve air supply Control unit + overflow HEPA
filter.
6. VSP G1 spark generator + controls to set Main and Side
flows.
7. Auxilary humidifier for EXPO unit + controls and 02
supply.
8. EXPO unit particle sample point.
9. EXPQ unit gravimetric sample point; filter holder,
MassFlowController + pump.
10, Control unit particle sample point.
11. Control valve + flowmeter exhaust EXPO unit.
12. Control valve + flowmeter exhaust Control unit.
13, Exhaust pump

@

02

0om air

InHalationUnit 1 Exposure

TEOM

CcPC

O

Ldl-—drh—dfb—dh—d
1

t T

InHalationUnit 2 Control

i

3 L3 L3

SMPS

" 1r

Ofe)

| T

-

L ]

b
T

]_?

o0k



Exposure characterization and monitoring

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)
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Olfactory function
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*One-way ANOVA (a = 0.05); test was carried out for 5 min on postnatal day 19



Olfactory function

Early-life |
exposure to CNPs x |

*One-way ANOVA (a = 0.05); test was carried out for 5 min on postnatal day 19

Olfactory function




Maternal behavior

Maternal behavior observations(%)

*0One-way ANOVA (a = 0.05); test was carried out for 1h

Eating/drinking
Out of nest
Nest building
Grooming
Nursing



Maternal behavior

Early-life
exposure to CNPs

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

Maternal behavior




