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OBJECTIVE
Determine: Nanoparticle Translocation to Olfactory Bulb

Nanoparticle Uptake

Bioprocessing

Inhalation Pathway to OB

AMBIENT AEROSOL

IV Pathway

HEALTH EFFECTS ?



Previous Studies demonstrated:

PM2.5 and Ultrafines (<100 nm) and O3: AD starts in the 

brainstem and OB.

Nasal breathing resulted in a much higher uptake of 

particles by the brain.

NPs portals of entry to CNS:          rostral (olfactory bulb)

caudal (Trigeminal Ganglia)

Environmental exposures as contributors 
to AD risk and pathogenesis

Confirming  that inhaled airborne ambient NPs reach the CNS in Humans 



THE OLFACTORY 
SYSTEM



THE OLFACTORY 
SYSTEM

What happens to OB 
when Pollution NPs 
invade?        
Is there a  Link to AD?

Aerosol NPs



Main Pathways in AD

Disease pathophysiology.

Modified after Dibatista et al. 2020

Aerosol NPs
entering
Interstitial
Space

Intracellular
Aerosol NPs ?

Are Alterations
Caused by NPs?



“

Environmental PM in OB linked to AD?
Religious Order Study and Rush Memory and Aging Project

Subjects with different progression of AD. 

Sample Collection:
RUSH Univ.

HR-TEM

RELIGEOUS ORDER STUDY 

Same Exposure 
Environment

Documented 
AD Pathologies

OB Samples

HR-TEM

https://www.ncbi.nlm.nih.gov/pubmed/29865057


Exposures to fine including ultrafine particulate matter

PM2.5 is associated with Alzheimer's disease (AD) risk.

The ultrafines are the only fraction of  PM2.5 that can have access to 

the brain via neuronal translocation. 

Characterize first the ambient aerosol samples and then compare the
OB samples to look for NPs uptake and translocation.

PM2.5

PM < 100nm



Environmental Sample:

Pb

FeMgSiAl

K SNa Ti



3D-Mapping of the
OB Tissue 



Analytical Imaging:  High Resolution TEM for
Characterization of Nanoparticle-Cell Interactions



• Human OB –Tissue of select Cohort Subjects

• Titan produce a spatial image and achieves ultra high resolution using aberration 
correction and can produces extremely narrow electron beam. 

• Seeing ~1-10 nm NPs inside tissue without destroying the OB section. 
• TALOS - for fast elemental mapping over larger tissue regions.



OB-STEM-F1

Amorphous Silica NPs



SiO2

Amorphous Silica

Ferritins



Pb; Zn; Cr

Zn; Cr

Zn; Cr

HOST:
Amorphous
SiO2
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Zin /Cr/Fe

Si/Al
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Heavy Metal Uptake to the OB and potentially 
Deeper Brain via a Trojan Horse Nanoparticle 

Transport Mechanism 



Trojan Horse –Mechanism
of Metals (Fe, Pb, Zn, Mn, Cu)  
Translocation to OB

Translocated 

Heavy Metals 
Package 

Si/Al
OB Sample: 20794261 - M1---A

Translocated Si/Al NPs with heavy 
metal inclusions.



Olfactory Uptake of Lead (Pb) PM

• Metallic Pb

• Nano-crystallites of PbO2  

Catalytic Properties



Trojan Horse –Mechanism
of Metals (Fe, Pb, Zn, Mn, Cu)  
Translocation to OB

Glomerulus



Glomerulus
Ferritins



Tungsten

Tungsten NP



Frozen – Vapor “W”
Tungsten

ATOMIC  DISPERSION

Indication of Incense Vapor Exposure?



12 OBs from RELIGEOUS ORDER 
STUDY COHORT 
with different progression of AD 

RELIGEOUS ORDER 
COHORT 

NEXT STUDY:
• Examine neuronal 

pathways from the OB 
glomeruli along the 
Olfactory tract to the 
amygdala and other 
deeper brain regions. 

ONGOING STUDY
• NP Locations
• NP size, morphologies, 
• Quantification
• Association of NP with 

cellular features
• NP association with 

ferritin enrichment



OB 20794261

Exogenous 
SiO2 - NPs

Ferritin 
NPs

→In Vivo 
Formation

Ferritin NPs

Endogenous 
NPs



Zr

Al

Fe
FERRITIN

Ferritins

Glomerulus

Fe



Fe - Nanoparticles in OB

Exogenous vs. Endogenous Fe





NPs and Neuronal Connections within the OB

EXOGENOUS + ENDOGENOUS
Si/Al;  Trojan Horse NPs; Metal NPs (W; Pb, Zr)
Ferritins

EXOGENOUS + ENDOGENOUS

EXOGENOUS + ENDOGENOUS  (FeP; Fe3O4;  Si/Al)

Si/Al;  Trojan Horse Metal NPs 
Ferritins  + FeP + Magnetite



Al/Si

Zn/Cr/Pb

Fe

Al/Si

OB Mitochondria  - NP associated Breakdown



FeP



FeP
Ferritins

Fe-Crusts

Endogenous Fe-NPs

FeP

Fe-Crusts



SUMMARY:    Evidence for Air Pollution Particulates in OBs

• Heavy metals embedded in Al-Si particles in OB
• Trojan Horse transport mechanism is same for different Cohort Subjects!
• Biotransformation of translocated NPs in OB cells, including Fe-oxide to Fe-phosphate
• Presence of high levels of Ferritin (acute phase protein) due to Fe- biomineralization as 

indicator of inflammation.
• Does association mean causality?
• Heavy metal NPs in OB as indicator of environmental and occupational exposure (Pb;W) ?
• Need for studying NP - bioprocessing mechanisms in context with histopathology and   
molecular biology mechanisms

•Although very high numbers of exogenous NPs in OB tissue, what does it mean in terms of 
toxicity potential ?

•To be determined: Degree of association/correlation with pathology; plaques; A-β: Tau;  
and other marker proteins; activated microglial and oligodenedrocites etc.
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In 1826, the French lawyer Anthelme Brillat-Savarin wrote, 

in Physiologie du Gout, ou Meditations de Gastronomie
Transcendante:

"Dis-moi ce que tu manges, je te dirai ce que tu es."

Tell me what you eat and I will tell you what you are.
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