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Witzenrath, Martin, Birgit Ahrens, Stefanie M. Kube, Armin
Braun, Heinz G. Hoymann, Andreas C. Hocke, Simone Rosseau,
Norbert Suttorp, Eckard Hamelmann, and Hartwig Schiitte. Detec-
tion of allergen-induced airway hyperresponsiveness in isolated mouse
lungs. Am J Physiol Lung Cell Mol Physiol 291: 1L.466-1.472, 2006. First
published April 14, 2006; doi:10.1152/ajplung.00011.2005.—Airway
hyperresponsiveness (AHR) is a hallmark of bronchial asthma. Im-
portant features of this exaggerated response to bronchoconstrictive
stimuli have mostly been investigated in vivo in intact animals or in
vitro in isolated tracheal or bronchial tissues. Both approaches have
important advantages but also certain limitations. Therefore, the aim
of our study was to develop an ex vivo model of isolated lungs from
sensitized mice for the investigation of airway responsiveness (AR).
BALB/c mice were sensitized by intraperitoneal ovalbumin (Ova) and
subsequently challenged by Ova inhalation. In vivo AR was measured
in unrestrained animals by whole body plethysmography after stim-
ulation with aerosolized methacholine (MCh) with determination of
enhanced pause (Penn). Twenty-four hours after each Penn measure-
ment, airway resistance was continuously registered in isolated, per-
fused, and ventilated lungs on stimulation with inhaled or intravascu-
lar MCh or nebulized Ova. In a subset of experiments, in vivo AR was
additionally measured in orotracheally intubated, spontaneously
breathing mice 24 h after P.,» measurement, and lungs were isolated
further 24 h later. Isolated lungs of allergen-sensitized and -challenged
mice showed increased AR after MCh inhalation or infusion as well
as after specific provocation with aerosolized allergen. AR was
increased on days 2 and 5 after Ova challenge and had returned to
baseline on day 9. AHR in isolated lungs after aerosolized or intra-
vascular MCh strongly correlated with in vivo AR. Pretreatment of
isolated lungs with the (,-agonist fenoterol diminished AR. In con-
clusion, this model provides new opportunities to investigate mecha-
nisms of AHR as well as pharmacological interventions on an intact
organ level.

airway inflammation; sensitized mice; airway resistance; ovalbumin;
asthma

AIRWAY HYPERRESPONSIVENESS (AHR) is one of the cardinal
features of bronchial asthma (21). AHR can be defined as an
exaggerated response of the airways to a variety of nonspecific
stimuli, resulting in airway obstruction (23, 25). However, the
mechanisms contributing to this phenomenon are not exactly
known. Several animal models and different measurement
techniques have been used for the investigation of AHR (33).
In recent years, new opportunities to study AHR pathophysi-
ology essentially derived from murine models of allergic lung
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inflammation (7, 8). Airway responsiveness (AR) in these mice
was determined by both in vitro and in vivo techniques. In
vitro, AR of immunized mice was measured on the level of
tracheal smooth muscle contractility (18); in vivo, invasive
techniques in anesthetized animals (20, 26) as well as nonin-
vasive measurements using either restrained (22) or unre-
strained (14) conscious mice were implemented. Beyond the
analysis of smooth muscle activity, in vivo techniques may
also reflect the impact of mucus production, mucosal edema, or
other changes in the upper and/or lower airways. However, the
interaction of pulmonary and systemic responses may compli-
cate the interpretation of lung function and bronchial reactivity
measurements in intact animals. Furthermore, pharmacological
investigations are limited by systemic side effects and phar-
makokinetic issues.

The isolated, blood-free perfused, and ventilated mouse lung
(IPML) provides an intact organ model with functional integ-
rity, which is independent from any metabolic and humoral
impact of other organs (16, 17, 29). With this model, lung
function parameters, e.g., airway resistance and dynamic com-
pliance, are accessible to accurate measurement. Furthermore,
the impact of pharmacological compounds that may be admin-
istered either intravascularly or via the airways by instillation
or inhalation can easily be detected. In the present study, we
analyzed for the first time AR in isolated lungs of allergen-
sensitized and -challenged mice. We investigated the effects of
ex vivo allergen provocation as well as inhalative and intra-
vascular methacholine (MCh) challenge and compared AR of
intact mice with AR of their respective isolated lungs. Further-
more, we investigated the time course of AHR after allergen
sensitization and airway challenges, as well as the sensitivity of
AHR to bronchodilators in the IPML. The basic features of
AHR were preserved in IPML, thus allowing a more analytical
approach at the intact organ level to delineate mechanisms
of AHR.

METHODS

Ovalbumin sensitization and challenge. Animal studies were ap-
proved by governmental authorities. Pathogen-free female BALB/c
mice (20-23 g; BgVV, Berlin, Germany) were maintained on an
ovalbumin (Ova)-free diet. Systemic sensitization with Ova (20 pg/
injection; Sigma, Deisenhofen, Germany) adsorbed to 2 mg of
Al(OH)3 (Pierce, Rockford, IL) by intraperitoneal injections on days
0 and /4 and repeated airway challenges with aerosolized 1% (wt/vol)
Ova in PBS (20 min) on days 28, 29, and 30 were performed as
described previously (11).

The costs of publication of this article were defrayed in part by the payment
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AR in unrestrained mice. AR was measured in unrestrained animals
by barometric whole body plethysmography (WBP) (Buxco, EMKA
Technologies, Paris, France) as described previously (14). Briefly,
each mouse was placed in a main chamber of the body plethysmo-
graph. Inhalative airway provocation was performed with aerosolized
PBS (baseline) and increasing doses of MCh (6.25-50 mg/ml; Fihr-
haus, Hamburg, Germany) for 3 min each. Pressure differences
between the main chamber and a reference chamber caused by volume
and resultant pressure changes during inspiration and expiration of the
mouse were measured and averaged for 3 min after each nebulization.
As an index of in vivo airway obstruction, enhanced pause (Penn)
values were calculated (14). For correlation with ex vivo measure-
ments, Penn values detected after provocation with 25 mg/ml MCh
were considered.

AR in intubated mice. AR was assessed in orotracheally intubated,
spontaneously breathing mice as described previously (12). Briefly,
mice were anesthetized and intubated under direct visualization. The
animals were then placed in a supine position, and the cannulas were
directly attached to a pneumotachograph (HSE-Harvard Apparatus,
March-Hugstetten, Germany) connected to a differential pressure
transducer (Validyne DP 45-14; HSE-Harvard) for monitoring of
tidal flow. To measure transpulmonary pressure (Py,), water-filled
PE-90 tubing was inserted into the esophagus to the level of the
midthorax and coupled to a pressure transducer (P75; HSE-Harvard).
Airway resistance was determined from the ratio of Py, to tidal flow
over an entire breath cycle. After baseline values were recorded, AR
to aerosolized MCh in increasing doses (0.0625, 0.125, 0.25, 0.5, and
1.00 ng) was assessed. Dried aerosols were generated by a computer-
controlled, jet-driven aerosol generator system (Bronchy III, Fraun-
hofer ITEM; licensed by Buxco, Troy, NY). Aerosol concentrations
were determined by a gravimetrically calibrated photometer. The total
MCh dose inhaled was controlled by a computerized dose-control
system based on the continuously measured respiratory volume per
minute and aerosol concentration.

Isolated, perfused mouse lung. Mouse lungs were prepared, venti-
lated, and perfused as described previously (16, 17, 29, 31). Briefly,
anesthetized mice were tracheotomized and ventilated. After sternot-
omy and cannulation of left atrium and pulmonary artery, heart and
lungs remained in the open chest, lungs were perfused with 37°C
sterile Krebs-Henseleit-hydroxyethylamylopectin buffer (1 ml/min;
Serag, Germany) in a nonrecirculating system, and left atrial pressure
was adjusted to +2.2 cmH,O. Pulmonary arterial and left atrial
pressures were monitored continuously. On isolation, lungs were
ventilated by negative pressure (—4.5 to —9.0 cmH>0, 90 breaths/
min) in a closed chamber. Hyperinflation (—24 ¢cmH»O) was per-
formed at 4-min intervals. The chamber pressure was continuously
measured by a differential pressure transducer, and airflow velocity
was monitored by means of a pneumotachograph connected to a
second differential pressure transducer. All data were amplified and
analyzed with Pulmodyn software, and the data for airway resistance
were analyzed as described previously (17). All hardware and soft-
ware were purchased from HSE-Harvard Apparatus. Aerosol was
generated with a Pari LL nebulizer (Pari, Starnberg, Germany) con-
nected to a custom inhalation device.

Ex vivo AR in IPML. After a steady-state period of 30 min, MCh
was nebulized for 1 min or administered to the perfusate for 30 s at
12-min intervals. In a separate set of experiments addressing the
impact of specific provocation, Ova was nebulized for 20 min, and
airway resistance was measured over a period of 60 min. Airway
resistance values were determined at the end of the steady-state period
as well as at the maximum level of resistance increase. The change in
airway resistance was expressed as fold airway resistance.

Persistence of AHR. P.,, measurements were performed in aller-
gen-sensitized mice at 1, 4, 8, or 13 days after completion of the Ova
sensitization and challenge protocol. Twenty-four hours after the Penn
measurement, the rise of airway resistance in response to intravascular
10 uM MCh was measured in the isolated organ.
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Impact of fenoterol on airway responses in IPML. Lungs of
allergen-sensitized mice were ventilated and perfused ex vivo, and 10
M MCh was added to the perfusate for 30 s repetitively at 12-min
intervals. Nine minutes before each MCh administration, increasing
doses of the 3>-agonist fenoterol were continuously added to the
buffer fluid. AR was determined as described above.

Data analysis. Data are expressed as means * SE. Differences
were analyzed by one-way ANOVA, followed by post hoc Student-
Newman-Keuls test. Correlations were expressed by Spearman’s
correlation coefficient, with P values being two tailed. P values of
<0.05 were considered to represent a significant difference or corre-
lation. All calculations were performed with GraphPad 4 software
(San Diego, CA).

RESULTS

AHR in IPML in response to aerosolized MCh. In a first set
of experiments, BALB/c mice were sensitized and challenged
to Ova or sham treatment as described above (Ova-Ova,
Ova-PBS, or PBS-PBS, respectively). AR was measured on
day 31 in vivo by WBP and on the consecutive day (day 32) in
the IPML, each in response to inhaled MCh. Baseline resis-
tance and dynamic compliance values in IPML did not differ
significantly among the experimental groups (resistance: Ova-
Ova 1.51 = 0.06, Ova-PBS 1.42 = 0.09, PBS-PBS 1.41 *
0.11 cmH,O-s*ml™!; compliance: Ova-Ova 37.10 * 2.05,
Ova-PBS 39.74 = 3.83, PBS-PBS 40.19 = 2.76 nl/cmH,0),
and nebulized NaCl (0.9%) did not cause any significant
change in airway resistance or dynamic compliance in any
experimental group (Fig. 1, A and B). Isolated lungs of aller-
gen-sensitized and -challenged mice showed a pronounced
dose-dependent increase in airway resistance to inhalative
MCh provocation, peaking ~1.5 min after onset of nebuliza-
tion and returning to prenebulization values after another ~4
min (6.25 and 12.5 mg/ml MCh) or ~10 min (25 mg/ml MCh).
Dynamic compliance decreased distinctly in lungs of Ova-Ova
mice. In contrast, lungs of Ova-PBS and PBS-PBS mice
responded with significantly lower changes in airway resis-
tance and dynamic compliance, respectively (Fig. 1, A and B).
Inhalative MCh challenge did not affect pulmonary arterial
pressure in any experimental group (data not given in detail).

AR to inhaled MCh in IPML: correlation to AR in intact
mice. AR in intact mice was compared with AR to inhaled
MCh in their respective isolated lungs. In vivo measured
average fold increases of Py, and ex vivo determined fold
airway resistance (at 25 mg/ml MCh; Fig. 1C) showed signif-
icant correlation. In a separate set of experiments, in vivo AR
of unrestrained mice was measured on day 3/ of the experi-
mental protocol, and 24 h later the same mice were anesthe-
tized and orotracheally intubated. AR to inhaled MCh (total
inhalative dose 0.25 pg) was measured in spontaneously
breathing animals. A further 24 h later, the lungs of these
animals were isolated and ex vivo AR to MCh aerosol (25
mg/ml) was measured. Each AR measurement showed signif-
icant correlation with both other measurements (Fig. 2).

Inhalative provocation with Ova in IPML. Mice were Ova or
sham sensitized and challenged. On day 32, lungs were isolated
and exposed to 5% Ova aerosolized for 20 min, and early-
phase airway responses were continuously monitored for a
period of 60 min. A moderate, but significantly higher, airway
response was noted in lungs of Ova-Ova mice compared with
Ova-PBS and PBS-PBS mice (Fig. 3).
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Fig. 1. Airway responsiveness (AR) to inhalative methacholine (MCh) prov-
ocation in isolated mouse lungs. Mice were sensitized to ovalbumin (Ova)
adsorbed to AI(OH)3 by intraperitoneal injections or received vehicle on days
0 and /4. On days 28, 29, and 30, airway challenges were performed with 1%
(wt/vol) Ova diluted in PBS or with PBS alone delivered by 20-min aerosol-
ization. In the ex vivo perfused and ventilated lung (day 32 of the protocol),
0.9% NaCl and increasing doses (6.25, 12.5, 25 mg/ml) of MCh were
nebulized for 1 min each. Airway resistance (A) and dynamic compliance (B)
were measured continuously, and changes were expressed as fold airway
resistance or fold dynamic compliance, respectively; n = 8 each. *P < 0.05,
##P < (0.01, ***P < 0.001 vs. Ova-PBS and PBS-PBS. Values are means *
SE. Error bars are not shown when symbols are larger than bars. C: correlation
between airway responsiveness (AR) in unrestrained mice and AR in isolated
mouse lungs, both determined by inhalative MCh provocation. AR was
measured in unrestrained, conscious mice on day 31. MCh (25 mg/ml) was
nebulized for 3 min each, and enhanced pause (Penn) values were determined.
Subsequently, AR was measured in isolated, perfused lungs 24 h later,
considering baseline values before nebulization of 25 mg/ml MCh and at
maximum airway resistance. Data were analyzed with Spearman’s correlation
test (r = correlation coefficient); P values are 2 tailed.
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Fig. 2. Correlation between AR in unrestrained mice, AR in intubated mice,
and AR in isolated mouse lungs, each determined by inhalative MCh provo-
cation. Mice were allergen sensitized and challenged according to the protocol.
On day 31, AR was measured in unrestrained, conscious mice. MCh (25
mg/ml) was nebulized for 3 min each, and Penn values were determined.
Subsequently, AR to inhaled MCh (0.25 wg) was measured on day 32 in
orotracheally intubated, spontaneously breathing mice. On day 33, AR to
inhaled MCh (25 mg/ml) was measured in isolated, perfused lungs. Data were
analyzed with Spearman’s correlation test; P values are 2 tailed. 0O, Ova-Ova;
v, PBS-PBS.

Suitability of intravascular MCh for ex vivo AHR detection
in IPML. Perfusion of isolated Ova-Ova, Ova-PBS, and PBS-
PBS lungs was changed every 12 min to buffer containing
MCh (1, 3, 10 pwM) for 30 s each, and the airway responses
were monitored (Fig. 4A). On day 32, isolated lungs of aller-
gen-sensitized and -challenged mice showed significantly en-
hanced airway responses compared with Ova-PBS and PBS-
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Fig. 3. AR to inhalative Ova provocation in isolated mouse lungs. Mice were
allergen sensitized and challenged. On day 32, in the ex vivo perfused and
ventilated lung Ova (5%) was nebulized for 20 min. AR was determined
considering values 30 s before Ova nebulization and at maximum airway
resistance. Values are means = SE; n = 6.

PBS lungs (Fig. 4, B and C). Pulmonary arterial pressure was
not affected by intravascular MCh (Fig. 4A).

Time course of AHR. To delineate the temporal kinetics of
allergen-induced AHR, we investigated mice and their isolated
lungs at additional time points. Four, eight, or thirteen days
after termination of the sensitization and challenge procedure
at day 30 (i.e., day 34, 38, or 43 of the protocol), we first
monitored Penn in intact animals after inhalative MCh provo-
cation and then determined AR after intravascular MCh prov-
ocation (10 wM) in isolated lungs of the same animals on the
consecutive day (Fig. 5A). On day 35, the level of AHR
detected in isolated lungs of allergen-sensitized and -chal-
lenged mice was similar to that of day 32 in the standard
protocol. Beyond this time point, AR decreased, approximately
reaching control levels on days 39 and 44. Lungs of PBS-PBS
and Ova-PBS mice did not show alterations of their respon-
siveness at any time point tested (Fig. 5A).

Ex vivo AR to intravascular MCh in IPML: correlation to
AR in vivo. Data of the time course experiments were pooled,
and ex vivo AR values were correlated with P.n, data of the
respective intact mice. The fold airway resistance values of
the IPML (n = 60) correlated significantly with P, values
(Fig. 5B). A detailed analysis showed significant correla-
tions for the two early time points after sensitization and
challenge (day 31/32 and day 34/35, respectively; Fig. 5, C
and D). At later time points, no significant correlations were
observed, apparently because of the overall low MCh re-
sponse, which was indistinguishable among groups (data not
given in detail).

Fenoterol diminished AR in IPML. Testing the sensitivity
of the AHR in IPML to bronchodilators, lungs of sensitized
and challenged mice were perfused with increasing doses of
fenoterol (Fig. 6). In the absence of fenoterol, lungs of
Ova-Ova mice showed distinctively enhanced AR after
intravascular MCh provocation compared with PBS-PBS
lungs. Fenoterol at a dose of 0.01 pg/ml in Ova-Ova lungs
reduced AR to levels of fenoterol-free perfused Ova-PBS
and PBS-PBS lungs. Increasing the doses of fenoterol fur-
ther reduced the AR in the isolated lungs in a dose-depen-
dent manner. In lungs of PBS-PBS and Ova-PBS mice, AR
was reduced significantly and dose-dependently by fenoterol
as well.

AJP-Lung Cell Mol Physiol » VOL 291 »
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DISCUSSION

The present study demonstrates that ex vivo perfused and
ventilated lungs of mice sensitized and challenged with aller-
gen display marked AHR, which correlates well with nonin-
vasive measurements in spontaneously breathing mice.

In recent years, mouse models of allergic lung inflammation
have offered new investigational opportunities (8). The IPML
utilizes the advantages of an intact organ with functional
integrity, which is independent from any impact of other
organs, allows accurate measurement of lung function param-
eters, and makes the vascular and alveolar space easily acces-
sible, thereby providing new possibilities to analyze pathoge-
netic mechanisms.

To study AR to aerosolized MCh in IPML, we used a
customized aerosolization system that allowed effective deliv-
ery of aqueous solutions into the airways without affecting
airway resistance per se. When provoked with aerosolized
MCh, lungs of sensitized and challenged mice showed explic-
itly higher elevations of airway resistance compared with
controls. Furthermore, murine in vivo AR, measured by means
of WBP 1 day before the IPML procedure, strongly correlated
with AR determined in the respective isolated organ. The WBP
technique determines the increase of the dimensionless param-
eter Peyn as an index of increased AR (14). Although this
parameter does not directly represent changes in airway diam-
eter or resistance and is therefore not a substitute for estab-
lished parameters of lung mechanics, it reflects mechanical
changes of the airways following respiratory distress (28). It
therefore seems to be most valuable in models with predomi-
nant bronchial hyperresponsiveness due to peribronchial rather
than parenchymal inflammation, such as allergen-induced
AHR (9-11, 13, 24). To directly compare AR detected in
isolated lungs with data from in vivo techniques using intact
animals, we chose WBP as the least invasive form of lung
function measurements (3). Our findings showed a high degree
of correlation between the level of AHR in the two techniques,
suggesting that isolation, ventilation, and perfusion of the lungs
did not significantly alter ex vivo AHR of mice sensitized and
challenged with allergen. In regard to the controversy about the
dimensionless parameter Penn (1, 3, 28), we performed another
set of experiments sequentially measuring lung function in the
same mice first by noninvasive WBP (Pcpp), then by invasive
measurement of airway resistance in intubated and spontane-
ously breathing mice, and finally by assessing airway resis-
tance ex vivo in IPML. Our results in BALB/c mice showed a
significant correlation between MCh-induced increases in Pepp
values and increases in airway resistance obtained in intubated
mice as well as in isolated lungs, pointing toward the validity
of the data comparing WBP and IPML.

Alternatively to inhalative MCh provocation, intravenous
application has been used in vivo for the assessment of murine
AR (19, 27). Whereas intravenous dosage in mice is techni-
cally demanding and accompanied by transient increases in
blood volume and potentially by severe cardiac side effects (2)
in vivo, vascular concentrations of drugs and hemodynamic
parameters can be controlled easily in IPML. When perfused
with increasing MCh buffer concentrations, lungs of allergen-
sensitized and -challenged mice responded dose-dependently
and showed enhanced AR compared with control lungs in our
model. These results correlated closely with those derived from
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WBP and suggest that MCh perfusion is an adequate alterna-
tive for detection of mouse lung hyperresponsiveness.

It is known that hyperreactivity following Ova exposure
resolves after cessation of allergen challenge (8). Accordingly,
ex vivo AHR determined by intravascular MCh persisted for at
least 5 days after the last Ova challenge (day 35 of the
protocol) and had returned to baseline levels on days 39 and
44. On days 32 and 35, these results showed good correlation
with in vivo AR measurements by Pe,n. A comparable time
course of AHR persistence was previously detected by WBP in
mice (8).

There are only a few studies addressing allergen-induced
airway responses in Ova-exposed intact mice, showing re-
actions of varying strength (5, 6, 30). These early-phase
reactions following specific provocation may result from the
release of inflammatory mediators leading to bronchocon-
striction as well as airway edema. We demonstrated here in
lungs of sensitized and challenged mice that ex vivo aero-
solized Ova induced increased early-phase responses, reach-
ing a maximum at 10-30 min after allergen inhalation.
Although the rise in airway resistance was moderate under
the current experimental conditions, these data showed that
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Fig. 5. Temporal kinetics of AR after aller-

°e gen sensitization and challenge. Mice were
allergen sensitized and challenged. One, four,

° °e eight, or thirteen days after the last challenge
(i.e., day 31, 34, 38, or 43 of protocol), AR

was measured in intact mice by determination

O
Oeo of Penn (n = 8/group for day 32, n = 4 for all

other time points and groups; total 60 mice).
Correspondingly, AR was measured 24 h
later (i.e., 2, 5, 9, or 14 days after the last
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challenge at day 30) in their perfused lungs.
AR was determined considering values 30 s
before MCh perfusion and at maximum air-
way resistance. A: temporal kinetics of AR
measured in isolated lungs; n = 8/group for
day 32, n = 4 for all other time points and

§ 8] r=0.5840; P=0.0022 3 67 r=0.8233; P<0.001 groups. Values are means *= SE. Error bars
s o % are not shown when symbols are larger than
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allergen-induced airway responses are preserved even in
isolated lungs.

In the IPML model, airway resistance and dynamic compli-
ance, which are considered the gold standard parameters for
AR studies in mice (7), were continuously monitored, as were
tidal volume and peak inspiratory and expiratory flow. Base-
line values of respiratory parameters of IPML were similar to
those reported for anesthetized, mechanically ventilated mice
(15). The bronchial and vascular reactivity of naive lungs in
response to diverse agonists including MCh has been charac-
terized previously in this model (16, 17, 29). The allergen

4 - p<0,01
T C—JnoFen

pl_l' /1 0,01pg/ml Fen
) =N 0,1 pg/ml Fen
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©
o 37
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e
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Fig. 6. AR is reduced by fenoterol (Fen) perfusion. Mice were allergen
sensitized and challenged. Isolated lungs were perfused and ventilated contin-
uously. Intravascular MCh provocation (10 wM) was performed at 12-min
intervals for 30 s each. Fenoterol was infused with increasing concentrations
starting 9 min before each MCh provocation. AR was determined considering
values 30 s before MCh perfusion and at maximum airway resistance; n = 4
each.

sensitization and challenge procedure did not affect baseline
airway resistance values of isolated lungs, which is in accor-
dance with in vivo studies (15).

Acute elevation of pulmonary venous pressure has been
reported to induce airway wall thickening (4, 32) and may
thereby contribute to altered bronchoconstriction and -relax-
ation (32, 34). However, venous pressure elevation did not
cause changes either in baseline resistance or in AR of sensi-
tized or naive lungs in response to intravenous MCh (data not
shown in detail). Furthermore, changes in end-expiratory pres-
sure between 2 and 7 cmH,0O during negative-pressure venti-
lation did not affect AR in our model (data not given in detail).
Nevertheless, pulmonary venous pressure and ventilation pa-
rameters were kept constant in all experiments.

When lungs were perfused with the (3,-agonist fenoterol, the
MCh response was dose-dependently diminished, indicating
that the response to bronchodilators is preserved in the isolated
organ. The increase of airway resistance was not completely
abolished by fenoterol but consistently decreased to compara-
ble levels in Ova-Ova and control mice.

In conclusion, ex vivo perfused and ventilated lungs from
allergen-sensitized and -challenged mice displayed marked and
reproducible AHR, which correlated well with alterations of
AR measured by two different techniques in vivo. Because the
basic features of AHR were preserved in IPML, a more
analytical approach can be used to delineate mechanisms of
AHR. In addition, this model provides new opportunities to
analyze pharmacological interventions at an intact organ level.
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