Lung Function in A/J Mice Following Subchronic Cigarette Smoke Exposure

Patterns of Emphysematous and Fibrotic Changes
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Summary

Introduction and Objective Results
The defining feature of chronic obstructive pulmonary disease (COPD) is an irreversible airflow limitation caused by an .
increase in the resistance of small conducting airways, an increase in i due to lung or Ad increase in and was found in Maximal Pressure and Volume
both *. Cigarette smoke exposure is one of the major risk factors with the of COPD. ClI the
9 A J BALF after 3 and 5 months of MS exposure. After 3 and 5 months of MS exposure:

functional consequences of cigarette mainstream smoke (MS) exposure in mice is therefore an essential step in developing a
murine model of COPD.
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The objective of this study was to develop a murine model of COPD that reflects inflammatory and functional features
characteristic of the human disease.
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Materials and Methods
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Data shown are the mean + SEM of 13 to 15 animals (* = p <0.05).
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Female A/J mice (24-25 weeks old at the start of the study)
were exposed in whole body chambers to fresh air or to MS . The test to T R
from the Reference Cigarette 2RA4F at 750 g total particulate ensure constant smoke generation, reproducibility, and . . gt U astydoss T G

matter (TPM)/! for 2, 3, or 4 hours/day, [corresponding to 1500, correct dosing. Dynamic Elastance and Compliance Data shown are the mean & SEM of 7 0 9 animals (+ = p <0.05, = p <0.01, * = p <0.001).

2250 and 3000 ug TPMY/(l x day), respectively], 5 days/week + HbCO was determined in all groups at the end of the
for 3and 5 months.

After 5 months of MS exposure (compared to sham).

exposure periods to confirm exposure. +" higher dynamic elastance
- —— increased rigidity of the lung . .
Sy aane * lower dynamic compliance Quasi-Static Pressure Volume Loops
After 3 months of MS exposure:
Parameter e Sham - 2R4E Dynamic Elastance =5 monne DyNamic Compliance « leftward shift, suggesting emphysematous changes
@nim Grea vy — e
TPM conc, ol 268 7264 2493 7320: 44 7378 + 402 — —r— After 5 months of MS exposure:
oo pn as a7 sme o T s ass » Sl [ « rightward shift of the lower part of the PV loop suggesting the presence of a
o il ose) vaba) - us2s sses 5 mmz s ® oo more rigid lung at lower volumes .
nicotine dally dose) ot oo es1sas 103+ 118 5 ':‘W « tendency towards a leftward shift in the upper part, suggesting
fomaceryte sty dose) 097: 01 1a5: 015 s 02 i 20 emphysematous changes at higher volumes
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Biomeniorng P —— P o8-
camonnenogosn * ° @t LI Meastred by a“siandardised breain” signal. 00 08
a shown are the mean + SEM of 7 to 9 animals (*= p <0.05, ** = p <0.01)
Data shown are the mean £ SD (mean + SEM for HECO). 08

Tissue Damping and Tissue Elastance 06
Smoking Machine Type SM85 * 06
After 5 months of MS exposure (compared to sham): ~ s £08
= no change in tissue resistance o £ > 0n
Bronchoalveolar lavage (BAL) was performed at 3 and « higher tissue elastance — increased rigidity of the lung = 04
Respiratory mechanics were determined at 3 and 5 months, 5 months, 24 h after the last exposure. Free lung cell 03 dawﬂm::M [ 03
24 h after the last exposure. Each mouse was anaesthetised differentiation was performed using a Becton Dickinson Tissue Damping (G, tissue resistance) Tissue Elastance (H) 02 TGS e sy T 03t
(pentobarbital 75 mg/kg, i.p.) and tracheostomised, and the FACSCanto flow cytometer and analysed using Becton — 01 - daby dose TPHM. 2260401
trachea was cannulated. The cannula was connected to a Dickinson FACSDiva software. s o 2] — 4 — 00 o4
computer-controlled small animal ventilator (Flexivent; Scireq, _ - onths 0. 0 10 20 30 40 0.0-
Montreal, PQ, Canada *) and regular quasisinusoidal i T P(emH,0) 0 R 40
ventilation was delivered at a frequency of 150 breaths/minute B T
and a tidal volume of 10 mli/kg. Spontaneous respiration was 5 g e dose of 2250 gl TPM.
abolished by administration of pancuronium bromide For comparison of groups, the one-way ANOVA was followed © z 12 Data shown are the mean + SD of 7 to 9 animals.
0.8 mg/kg, i.p. and after stabilization, lung mechanics were by Dunnett's multiple comparison test (for inflammatory cells R ©
measured at a positive end expiratory pressure of 3 cm H,O. in BALF) or Newman-Keuls multiple comparison test. sham 150 2250 3000 B eam 130 220 3000
After the measurements were performed, the mice were ity dose TP (1) Gty dose TP o)

euthanised.
Data shown are the mean  SEM of 7 t0  animals ( = p <0.05, ** = p <0.01)

Subchronic exposure of AJ mice to cigarette mainstream smoke
resulted in a di increase in phils and in
BALF and time- and dose-dependent changes in lung function
parameters. The changes are similar to those previously observed in
bleomycin (fibrosis)- and elastase (emphysema)-treated mice * and
include:

« increased rigidity of the lung (at 5 months)
- decreased dynamic lung compliance
- increased tissue elastance
- rightward shift of the lower part of the PV loop
- smaller volume increase during stepwise inflation in the PV
manoeuvre.

« loss of elastic recoil (at 3 and 5 months)
- decreased maximal pressure measured at total lung capacity
- increased maximal volume at an airway pressure of 30 cm H,0
- leftward shift of the PV loop at 3 months
- tendency towards a leftward shift of the upper part of the PV loop at
5 months

Conclusion

Lung function parameters measured in A/J mice subchronically
exposed to cigarette mainstream smoke suggest a combined
pathology of a decreased elastic recoil and an increased rigidity of
the lung.
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