Combined Exposure to Ultrafine

Particulate Matter and Ozone:
Characterlzatlon of Particulate Deposition, Lung
|d N Stress and Heartlnjury
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PM Effects Cardiovascular System
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PM Effects Cardiovascular System

* Animal studies have examined the pulmonary and
cardiovascular effects of acute PM and O, exposure
adolescen rodent with and without hypertension.
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Present Study

* Objective: Examine the effects of acute exposure to ultrafine
particulate matter (UFPM), ozone (O5), and UFPM combined
with O; in mature adult spontaneous hypertensive (SH) rats with
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Research Design

« Spontaneous hypertensive . :
« Genetic variant of WKY : ;E Eigsngé FA
* Mature adults (~50 wko) . 8h Recovery, FA
* tCardiac remodeling 4. Method ’
. Left ve trlcular pertrophy - iethoas
-+ Fibros | | » ECG telemeters implanted +2wks prior to
'+ tArrhythmias . = | _—e exposure.
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STATISTICAL ANALYSIS

1. Exposure-Related Differences

. Nonparametric Kruskal-Wallis test with Dunn-Bonferroni post hoc
comparlsons
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Previous Observations:

e O, reacts with polycyclic-aromatic hydrocarbons (PAHs) contained in combustion-derived
UFPM to produce a potentially more toxic profile of oxidant-derived reaction products.

UFPM UFPM+O,
Abundance Abundance
Compound o (ng/m?3) Compound (ng/m?3)
2-methylbiphenyl 114.68 3-methylbiphenyl 73.12
= ylbiphenyl " - 64.30 2-methylbiphenyl 35.87

|
/ (]

thalene .86  Pyrene R 30.35
,3+1 2378 4-methylbiphenyl | 20.70

| 19.32



Previous Observations:

e Mature adult animals with CVD are more susceptible to oxidant injury induced by O; compared to age
matched animals without CVD as indicated by greater inflammation, airway injury and alterations in HRV.
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Previous Observations:

e Mature SH rats with CVD had elevated ventricular focal organized necrotic lesions
compared to Wistar controls that were independent of exposure.

2.0

] WKY
B sH

e — .
QSR R 3 ) i
| N : ¢
rase LA 3
v L N N » » /
‘...\ ; .j 4
T o > d ‘ .
‘ Kk N 4’ ¢
" . i LN )
Y \ 3 \ A
! ' K 2 A |
! ot P
y |l 3
(581 \
J .‘\ol
\ ! - . 5 4 - /’
; VAR
) 2 2 g e
l
3 2
\ 4 2 \
v i . 7 \
ot ey .
| a - f2
I o b /
/
. 7, i /
. / 7 .
- -
>
) v
o ' g
", 1 r .
4 ' L\ 2
/s
/ /,
. 3
.
(O] r ¢

UFPM+QO3

SCORE
(mean £ sem)




Previous Observations:

Mature SH rats with CVD exposed to the UFPM and UFPM+0O, atmospheres developed

acute myocardial necrosis.
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What are the factors that contribute to this UFPM and UFPM+03 induced

acute myocardial injury?




Previous Observations:

The UFPM+0O,; atmosphere induced significantly greater changes in airway injury, and

inflammation in mature adult SH and WKY rats.
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Previous Observations:

e The O; and UFPM+0O, atmospheres induced significant alterations in HRV
parameters, and cardiac arrhythmias in mature adult SH and WKY rats.

e Increased NN interval, RMSSD, HF power, AVB number and severity are
conS|stentw h increased parasympathetic outflow.

o | eased ir F ‘- F/HF ratio, PVCs and decrease in approximate
€ NS ith inc sed sympaty tac outflow

" Conclusion: The cardlac rhy )imias and alte
in this study are the result of coactivation of he p rasy
sympathetic nerves that supply the heart.




Previous Observations:

e The UFPM and UFPM+O,; atmosphere induced changes in platelet levels, platelet-white blood cell
aggregates and lung venous thrombi in the SH rats. These changes are suggestive of a pro-coagulant and
pro-inflammatory systemic vascular environment.
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Conclusion From Previous Study :

e Integrated response to the UFPM+O; is initiated in the lung, results in
downstream hematological and autonomic nervous system responses:

e |ncreased platelet activation
o Parasympat" ﬁgetic and sympathetic nervous system coactivation

\ature adult SH rats with.CVD.
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Objectives of Current Study

Hypothesis:

* Oy ephances the biologic potency of UFPM by promoting
ROS odu n at the particle surface.
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Objective 1. Define the effect of O; on the local relationship
between particle deposition and cellular oxidative stress
within the airways.

Rationale: UFPM+QO; induced greater airway injury and inflammation in WKY
and SH rats. Particles and cellular antioxidant expression were investigated by
examining their spatial proximity and organization.
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Objective 1. Define the effect of O; on the local relationship
between particle deposition and cellular oxidative stress

within the airways.

TABLE 2
Histopathological Measures of the Lung
WKY SH
Parameter FA UFPM O3 UFPM+0O3 FA UFPM O3 UFPM+0O3

HMOX1 ‘ 1.3+0.3 1.2+0.3 1.4+0.3 14+0.3 14+04 1.3+05 1.3+05 1.3+04
SOD1) 12+04 1.3+05 1.5+04 1.6+0.3 1.2+0.3 1.2+06 1.1+04 1.2+04
Fibrin-Stabilized Microthrombi

Category | 0.0 1.0£02* 04+02 12+02*"| 01+01 1.9+03*% 09+03 25+0.3*°
- : Il 0.0 0.7+0.2* 0.0 06+02*" | 0.1+0.1 11+03* 05+02 16+0.2*% \

Il 0.0 0.0 0.0 0.1+0.1 0.0 04+0.2 0.0 0.6 + 0.2*T8

SOD1, a marker of
or SOD1-positive :




Objective 2. Characterize UFPM+0O; impact on microthrombi
formation.

Rationale: UFPM+O; induced changes in platelet
activation, and platelet-white blood cell aggregation.

mine fibrin-stabilized aggregates in
, -3 =w‘ r "“.‘:‘ ( J tun tIC



FIBRIN-STABILIZED AGGREGATES

1. PTAH-stained heart and lung
« Category I: A small aggregate within an arteriole or artery
« Category II: An aggregate fully occluding an arteriole
» Category lll: A large, multifocal aggregate within an artery

. T
2. Semi-quantitative scores
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Objective 2. Characterize UFPM+0O; impact on microthrombi
formation.
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Objective 2. Characterize
UFPM+O, impact on
microthrombi formation.

el
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UFPM+0O; increased microthrombi formation in
myocardium. Right panel: Representative images of
category I-lll fibrin-stabilized aggregates observed in left
ventricular region of a  UFPM+Ogs-exposed SH rat. Left
panel: *Significant diffe e compared to FA within strain-
related exposure groups. TSignifican ce compared to
O; strain-relate eXposl o ignificant
 difference UFPM+O;-ex SH rats.

.

Category Il
SCORE
(mean £ sem)

onsistent with exposure induced | in C 61*
platelets and platelet-WBC aggregates.

Category lll
SCORE
(mean + sem)

UFPM+0;,



Objective 3. Define UFPM+O, impact on myocardial injury.

Rationale: Mature adult SH rats exposed to UFPM or UFPM+QO, displayed
acute myocardial injury, including acute cellular necrosis, and
hypercontra i'-iIity.i.._.
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Objective 3. Define UFPM+O, impact on myocardial injury.

TABLE 3
Histopathological Measures of the Myocardium
WKY SH
Parameter FA UFPM O UFPM+O FA UFPM O UFPM+O
SFibrosis 04+0.2 0.1+ 0.1 0.3+0.1
Nur77 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3+0.1
- JunB 0.0 0.0 0.0 0.0 0.0 0.0 0.0 04+0.2

Fibrin-Stabilized Microthrombi

_B Category || 0.3+0.2 1.9+0.3" 04+02 2.6 +0.3" 06+£02 33+03% 11203 45+0.3*
| 0.2+0.2 09+0.3 04+02 1.8+0.2* 06+0.2 19+03*% 10+03 24+0.2*8
I 0.0 04+0.2 04+0.2 0.5+0.2 0.1+0.1 1.3+0.2" 0.6+02 1.7+0.2*T1
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Objective 3. Define UFPM+0O;,
impact on myocardial injury.

Scoring Criteria

Score Description
0 - No interstitial expansion
1 - Minimal multifocal interstitial expansion
2 - One or more large networks of mild interstitial
expansion

One to three networks of mild interstitial
expansion with minimal replacement fibrosis
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Dissecting Fibrosis

Consistent with chronic myocardial stress and
the previous observation of increased focal
organized necrosis in mature adult SH rats.




Integration of Results

Integration of results of the current study
(CARB# 17RDO011; PI Schelegle) and those from
our previous study (CARB# 13-311; PI Tablin):
Abbreviations: ABs, augmented breaths; AECs,
airway epithelial cells; ALF, airway lining fluid;
AlVECs, alveolar epithelial cells; ApEn,
approximate entropy; AVB, atrioventricular
block; AV Node, atriove ntricular node; HR,
| he t rate; HRV, heart ra 'aﬁlgility; HF, high
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CONCLUSIONS

1. Exposure to UFPM and UFPM+O, promotes the formation
of microthrombi in heart and lung.

2 Mature adult SH rats are more susceptible to thrombotic
ffects ”!J air | o Iutlon

: relatec ulatmg platelet -WE C aggregates consistent

1




CONCLUSIONS

Individuals with preexisting CVD are at greater risk of

suffering from adverse lung and heart effects of oxidant

and ultrafin *f particulate pollution supporting the notion
t th S| "n_ € ~.o |dered as sceptlble population
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