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Impact of Nanoparticulates on Respiratory Health Effects

David B. Warheit
DuPont Haskell Laboratory for Health and Environmental Sciences, Newark, Delaware, USA

Published pulmonary toxicology studies in rats have demonstrated thatultrafine or nano-
particles (generally defined as particles in the size range < 100nm) administered to the lung
cause a greater inflammatory response when compared to larger particles of identical chemical
composition at equvalent mass concentrations. However, this common perception that all
nanoparticles are more toxic than fine-sized particles is based upon a systematic comparison
of only 3 particle-types (titanium dioxide particles, carbon black particles and diesel exhaust
particles). Additional factors, other than particle size, may play more mmportant roles in mod-
ifying pulmonary toxicity of nanoparticles. These include: surface coatings of particles; the
tendency of aerosolized particles to aggregate/disaggregate; whether the particle was gen-
erated in the gas or hqud phase (i.e., fumed vs. colloidal/precipitated); and surface charge.
Results of pulmonary bioassay hazard studies will be presented demonstrating that fine-sized
quartz particles (1.6pm) may produce greater pulmonary toxicity in rats when compared to
nanoscale quartz particles (50nm) but not when compared to smaller nanoquartz sizes (e.g.,
< 30nm). In addition, other studies have demonstrated no difference in pulmonary toxicity
between fine-sized TiO, particles {(300nm) and TiO» nanodots (25nm) and nanorods. Finally,
studies will be presented which demonstrate that surface coatings on particles can modify
lung inflammatory effects. In summary, these are the most important conclusions:
1) Rusk is a product of Hazard and Exposure;
2) one cannot assume that nanomaterials have the same toxicity as their
microscale or macroscale counterparts (i.e., either greater than or less than);

3) therefore, each particle-type should be tested on a case-by-case basis.
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Impact of Nanoparticulates on Lung structure and particle deposition
Respiratory Health Effects Pulmonary bicassay as a measure of
hung toxicity- Hazard Assessment
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Pulmonary bioassay with
David B. Warheit, PhD. Fine/Nanoscale TiO, dots and rods;
DuPent Haskell Laboratory : Fine/Nanoscale Quartz particles, and
Fine/Nanoscale ZnO particles
Impacts of Particle Surface Coatings
Summary

Rat Lung Microdissection

gL

Definitions- Particle Size

* Nang = Ultrafine = < 100 nin

¢ Fine= 100 nm -3 pm

¢ Respirable (rat) = <3 pm (max =5 pm}
Respirable (humany =< 5 gm (max =10 gm)
Inhalable (human) =~ 10~ 100 um

Rat Lung Tiss ssected to Demmmrai»; the Janction of the Iron Particle Dep(}siﬁgn at

forinal . fnal ‘fmlarm“!:m Bronchoalveolar Junction:
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Alveolar Macrophage Clearance of
Junetion Inhaled Iron Particles

{Backseatter futage)

Alveolar Macrophage Clearan Alveolar Macrophage Migration to Iron
Inhaled Iron Particle Particle Deposition and Phagoeyte
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Clearance of Iron Particles on the
Airway Mucocili

Common Percentions on Pulmonary
4 ¥

Toxicity of Nanoparticles

+ Nanopatticles are more toxic
(inflammogenis, tumorigenic) than fine-
sized particles of identical composition.

+ Concept generally based on 3 particle-types:
- Titanium Dioxide particles
~ Carbon Black particles
— Diesel Particles

The Key Issue: Risk

sk is a product of

X

rd and Exnesure
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Morphometry at Bronchoalveelar
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Cemplications related to the Dogma
of Manoparticulate Toxicology

« Not all Nanoparticles are more toxic
¢ Surface coatings of particles
= Coatings ~ passivated or dispersion
Speeies Differences in Lung Responses
— Rat is the most sensitive species
Particle aggregation/disaggregation
potential
Fumed vs. precipitated Nanoparticles
Surface charge of particles

Studies to Assess Pulmonary
Hazards to Nanoparticulates
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Pulmonary Bicassay Components

. Brouchoalveolar Lavage Assessmenis

+ - Four factors influence the ]
development of pulmona ~ iafine Phasplatnss (epl

Tisid Protein Ty pornaesbit
 v——————

1} inhaled materials which cause celllung fjury

inhaled materials which promote o } -
inflammation Lung Tissue Analysis

3} indsled matesials which reduce alveolar mactophage o Lang Weidhts
function * Lung Cell Profifecation (Brdl

4) inhaled materials which persist in the lung

e Cytocentrifuge Preparation of BAL -
et Ly oo tyoprvy i - <
: (:';‘.tmfnf'* i “V ?”’?‘?v ation of BAL Recovered Cells From a Quartz
Recm’ere(a Cells From 2z Sh xposed Rat (Crystalline Silica) — Exposed Rat

Use of Bronchoalveclar Lavage; Cell Proliferation,

and Histopathology t Assess the Lung Toxicity of
1 2 &

Pa

rticulate samy

on of BAL ~ Recovered
ssed Rat

tumor potentia
Evaluation of fus
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Pulmonary Bioassay Bridging Studies

SRR

Instillation

Protocel for Nanescale TiO2 Ti02 Nanoseale Dots

Pulmenary Bisassay Study
Intratracheat Instillation Exposure Doses of { and 3 Ti0, Dots (“RHT-1377) £

Ti02 Nanoscale Rods

RESULTS

Biomarkers =
Pulmonary Inflammation
Pulmonary Cytotoxicity
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BAL Flud LDH Values In Rats Expesed to Ti0, Partices, Nano-rods,
and Nano.doty

Parcent Neutrophils in BAL Fluids of Rats Exposed to TiOPanticles,
Nano-rods, and Nano-dots
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" Characterization of Nanoscale Ti0,

Particles

XRDparticle size Surface Area

. Fine TiO, rutile dyp=300mm 6 m¥e Second Nanoscale TiO2 Study

+ TiO, Nanorods anatase length= 90 - 233 nm
width=20~35 nm  26.5 m¥g

* TiO, Nanodots anatase d;, = 6 nm 169.4 m?/g

Pulmonary Inflammatien ‘pothesis and a Question
! G

Percent Neutrophils in BAL Fluids of Rats exposed to Fine and
Nano-sized TG, Particulates ; : imilar doses - Ultrafine

Second Study)
e e e I ‘¢ greater pulmon

1 particies of identical composition.

d

+ (Question - generally this dogma applies to 1
toxicity particulates. He in o ring a
cytotoxie particte such as alline silicz uld
nanoguartz particles be-even more toxic than fine-
sized Mip-U-Sii quartz partic

Exposire Groups
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Nanoscale Quartz Particles

Q1 Characterization
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Nanoscale Quartz

§
.
H
P INE N RPN

S R
ww

Infermity {arblitary

I
Zhela {dagroes}

Preliminary Collaborative Studies
with Rice University: Si0,

BAL Fiuid LDH Values in Rats Exposed to Min-13-Sil and Nano Quarz
Particles.

Percent Neutrophils in BAL Fluids of Rats Exposed to Min-U-Sil snd
Hane Quantz Paructes
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Nano-8i0, 1 lower than Min-U-Sil
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Exposure Groups:
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Exposuse Groups

Feliow-up Collaberative Studies
with Rice University: Si0O,

BAL Fluid LDH Values in Rats Exposed to Fine and Nanoquartz
Farheulates {Rice 23
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Pulmonary Inflammation

Percent Neutrophils ip BAL Fluids of Rats exposed to Fineand
Nano-sized Quaitz Particles {Study #2}
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Exposure Groups

6324 Hour W Vs £33 068 £33 Mot

Lung Section of Rat exposed to
Nanequartz Particles (3M pe)

P o

iminary Studies Fine and
Nano Zine Oxide particles

Percant Neutrsphils s BAL Fluids of Raes
fahaling Fine 2 o5 Nano Zn0 Particles (25 my/n’}

] Fine 200 5 N0 200 are ot dferest
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BAL ¥Fluid LDH Values (¢ytotoxicity)

BAL Fluid LDH Values in Rats exposed to
Fine and Nano-sized Quartz Particles

BAL fuld LOH values
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Characterization of Nanoscale Quariz
Particles

XRDparticle size Surface Area
aQ d;,=179nm 42 m¥g
0Q dyp=<30nm 34 mig
4.0 m*/g

» Fine Quartz
* Nanoscale Q

* Min-U-811  oQ dyp=13pm

Preliminary Studies with Fine and
Nano Zine Oxide particles

ean LDH Values in BAL Flulds of Ruts
inhaling Fine 200 of Nano 2n0 Particles 25 mgi’)

Fior 200 & Nano InG are not diferert

o ey
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TiO, Coatings Formulations

Ti02 base - Ti02 - 1% aluming
+ 1% alumina -+ organic

orinding aid
TiIO2 1 - O 4% aluming
TiO2 ! 102 - 6% alumina - 11%

o Inhalation &

> Pu ; Bioassay Intratrach an

instiliation & TiO2 - 3% alamina - 6%
amorphous silica

-94% T 3% alumina - 3%

Protocol for atings Bioassay Study % Neutrophils in BAL Fluids From Rats Exposed to TiO2
Coatings
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% of Total Recoversd BAL Cells
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Exposure Groups

Ti02 Coatings - BAL Flusd LDH Values Important Particle Characterisfics
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- e « Primary particle size

- ] ] H = + Particle shape (SEM)

d
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0 3 V.

N kT ! + Composition- ¢.g orystalline vs.amorphous

+ Surface Coatinigs
b
. * Aggregation status
[ ~
G St et W e TGN Yy Particle number
2mg  10mg N . . .
Exposure Groups Method of synthesis (gas vs. Hquid phase)
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» Risk is a product of Hazard and
Exposure

+ Cannot assume that nanomaterials are
the same as their bulk counterpart

* Fach particle-type should be tested on
g case-by-case basis
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