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INTRODUCTION
Epidemiologic studies have indicated that small short-

term increases in the concentration of particulate matter
(PM), the complex and variable mixture of particles in the
atmosphere, are associated with short-term increases in
human morbidity and mortality. Particularly at risk are
elderly people and individuals with compromised car-
diac or airway function, such as those with asthma.

Plausible biologic mechanisms that would link low-
level PM exposure with pathophysiologic effects or would
explain why people with asthma may be more sensitive
than healthy individuals to PM exposure have not yet
been established. Because PM is present with other air-
borne pollutants, it is also important to evaluate the health
effects of simultaneous exposure to multiple pollutants. 

APPROACH
Dr Lester Kobzik and colleagues at Harvard School of

Public Health used a mouse model of asthma to evalu-
ate how inhaling pollutants affects the airways. The mice
were sensitized to the allergen ovalbumin and later chal-
lenged with the same aerosol to induce a lung condition
in the mice similar to that found in people with asthma.
This mouse model of asthma has some appropriate char-
acteristics of human asthma (most notably, allergen-
induced airway inflammation), but lacks others (eg,
hypersecretion of mucus). 

The investigators studied concentrated ambient parti-
cles (CAPs) of respirable size and ozone, a gaseous pollu-
tant known to cause airway inflammation and to
compromise respiratory function. Kobzik hypothesized
that exposure to CAPs plus ozone would cause a syner-
gistic (or greater-than-additive) response. To maximize
possible CAPs effects, he used a new version of the Harvard
Ambient Particle Concentrator to deliver particles at con-
centrations that were many times higher than those in
ambient Boston air (varying from 12-fold to 67-fold on
different days of the study). He exposed mice to ozone at
0.3 ppm, a concentration similar to levels found in urban
ambient air. Kobzik also measured daily levels of elements
in the PM and CAPs so that, if he found a change in air-
way function, he could associate it with the elemental
composition of the particles. 

Kobzik and colleagues evaluated two endpoints asso-
ciated with the asthmatic response: airway responsive-
ness and airway inflammation. They evaluated airway
responsiveness by challenging the mice with various
aerosol concentrations of methacholine, a bron-
choconstrictor or agent that narrows the small airways.
Mice were challenged with the methacholine aerosol
immediately after a 5-hour exposure to one or both pol-
lutants (CAPs and ozone). In some experiments, airway
responsiveness was also measured beginning 24 hours
after the exposure. 

One valuable aspect of the investigators’ approach
was that they used whole-body plethysmography to mea-
sure airway responsiveness. This technique is noninva-
sive and allows a large number of animals to be tested
repeatedly. They placed a mouse in an exposure cham-
ber that was connected to a reference chamber; as the
mouse breathed the methacholine entering the expo-
sure chamber, the difference in pressure between the
two chambers was measured. From these pressure read-
ings, they derived a recently defined parameter known
as enhanced (enh) pause (P), or Penh. 

They also evaluated the effects of the pollutants on air-
way inflammation 24 or 48 hours after the exposure by
assessing cells in bronchoalveolar lavage fluid to deter-
mine whether (1) the total number of cells increased, and
(2) the numbers of cells associated with an inflammatory
response, such as eosinophils, increased. 

In addition, Kobzik and colleagues evaluated in vitro
how concentrated particles might induce the synthesis
of cellular mediators associated with inflammation. They
did this by resuspending particles collected on different
days of the in vivo exposure study, adding them to lung
cells (derived from rats), and measuring 24 hours later
the levels of tumor necrosis factor α (TNF-α) and
macrophage inflammatory protein–2 (MIP-2) produced
by the cells.

RESULTS AND INTERPRETATION
Kobzik and colleagues used four statistical approaches

to evaluate the effects of pollutants on Penh. One
approach indicated that CAPs (without ozone) slightly
increased Penh immediately after exposure, but values
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returned to baseline by 24 hours later. This suggests that
the particles’ effect on Penh is small and transient, which
is consistent with the effects of various air pollutant com-
ponents on airway function that have been described in
other studies. Ozone alone did not increase Penh after
exposure. Only one of the four statistical approaches sug-
gested a synergistic effect of CAPs plus ozone, and the
investigators were appropriately cautious in interpret-
ing this finding. 

Another approach—factor analysis—suggested that
different elemental components of the CAPs were asso-
ciated with different effects on Penh; in particular, that
Penh increased on days with high aluminum and silicate
levels in the particles. Some particle components also
appeared to be associated with decreased Penh. These
findings support the idea that the magnitude of a spe-
cific health outcome on a particular day is a function of
the aggregate elemental composition and concentration
of pollutants in ambient air on that day.

In vivo, CAPs had little or no effect on the numbers of
cells in bronchoalveolar lavage fluid 24 or 48 hours after

exposure; ozone slightly increased cell numbers in a pat-
tern consistent with inflammation, which was to be
expected. In vitro, resuspended CAPs induced the syn-
thesis of high levels (frequently more than 1000-fold
increases above background levels) of TNF-α and MIP-2
from rat lung cells. These results confirm previous find-
ings from the investigators that suggest that components
present in resuspended particles can induce the release
of mediators associated with lung inflammation. 

Overall, the results indicate that respirable PM, even
when concentrated to levels higher than normally found
in ambient air, had little effect on the airway mechani-
cal and inflammatory parameters measured in this small-
animal model of asthma. In addition, the effects of
exposure to CAPs plus ozone did not achieve synergy
that could be convincingly demonstrated. Because this
mouse model mimics only some characteristics of human
asthma, which is a complex illness, we cannot be certain
to what extent these results may or may not predict the
effects of ambient PM and ozone exposure on people
with asthma. 
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