
1. Abstract

The development of smoke induced emphysema in mice was investigated in this study. After chronic exposure to cigarette smoke (CS) for 6 months and after 3 months of 
subsequent smoking cessation, histological preparations of mice lung samples were evaluated using stereological methods. The mean linear intercept (Lm) of alveolar 
tissue was determined using the STEPanizer software. Results were compared with those from age-matched mice solely exposed to room air. 

The exposure to CS led to mild emphysema and significantly reduced body weight. Emphysema persisted after smoking cessation. Comparability with a previous CS study 
is limited due to a different sensitivity to emphysema of the mouse strains and different smoking regimens. Yet, the results demonstrate a continuous affection of the lung 
function by CS which is essential for interpreting the outcome of the bacteriological studies.

4.1 Materials and Methods

A schematic description of the experimental setup is given in Fig. 4.2.

Eight weeks old C57/Bl6 mice were randomly placed in groups that were either
exposed to CS (SMK, 10 animals) or air (CTRL, 10 animals). This part of the trial
was named phase 1. Smoke was derived from 3R4F reference cigarettes with filters
(University of Kentucky, U.S.A.) and was performed for 1.5 hours/2 times per day
with a 30-minutes-break in between for 5 days/week for 6 months. Smoke with a 
total particulate matter (TPM) of approx. 200 mg/m3 was produced using a Teague
TE10Z smoking machine (Teague Enterprises, Woodland, CA, U.S.A.). 

At the end of phase 1, 5 animals of the SMK-group and 5 animals of the CTRL-
group were randomly chosen and killed by overdose of Isoflurane 5%. Lungs were
inflated with formalin 10% through a tracheal cannula at a constant pressure of 20 
cm H2O. Following formalin fixation for at least 48 hours, lungs were cutted in slices
and histological preparations from 6 randomly selected slices of the lung were
stained with Hematoxylin and Eosin.

During the subsequent 3 months (named phase 2), animals of the SMK-group were
subjected to smoking cessation (Ex-SMK, 5 animals) and exposed to room air
according to the treatment of the CTRL-group (5 animals). At the end of phase 2, 
harvest and preparation of the lungs was performed identically as described above.

Between 100-130 micrographs were taken at random with a light microscope that is
equipped with an automated motorized stage and a camera. The final magnification
was 400 times. The 
micrographs were
stereologically
evaluated using the
STEPanizer software [5] 
as depicted in Fig. 4.1.

Individual body weight
and lung volume were
determined as
parameters of the
physical status.

3. Aims/ Leading Question

Main focus was on the evaluation of morphological changes in the lungs of
C57Bl/6JRj mice after chronic smoke exposure and subsequent smoking cessation
by the stereological determination of the Lm. In addition, it was of particular interest
if smoking cessation has an influence on the Lm value as a parameter of
emphysema and if Lm-results correspond with results from a previous smoke 
exposure study with 129S6 mice.

2. Introduction

Lung emphysema is characterized by non physiological, persistent enlargement of
the air spaces distal to the terminal bronchioles and is one typical anatomical
manifestation of chronic obstructive pulmonary diseases (COPD) [1]. COPD 
concerns circa 10 % of the world population. In developed countries, smoking
cigarettes ist held responsible for more than 95 % of COPD cases [2]. 

The research group of Dr. Benarafa, formerly Theodor Kocher Institut investigates In 
cooperation with the Institute for Infectious Diseases (IFIK), both University of Bern, 
the influence of CS on the lung microbiome and its impact on the colonization with
pathogenic microbes in mice. As a part of this research project, the current study
investigtes the CS induced lung emphysema in the test animals using stereology.

As a sufficient tool for microscopy-based evaluation of histological lung morphology, 
stereology allows to estimate the presence of emphysema. Therefore, the average
distance between alveolar airspace walls in histological lung preparations is
measured with a scaled ruler and presented as the Lm. Keeping up with standards
concerning sample preparation and stereological examination techniques [3] 
minimizes bias and ensures comparability of results.

5. Results

6. Discussion

This study focused on 3 aims. The main topic was the verification and 
determination of the severity of pulmonary emphysema in mice that were 
chronically exposed to second hand CS and after they were subjected to 
consecutive smoking cessation. Evaluation was done by stereological methods 
using histological preparations of the mouse lungs. The outcome proved that 
smoke exposure led to mild emphysema and that emphysema persisted after 
smoking cessation. Due to emphysema persistence, the question if smoking 
cessation for 3 months has an influence on the stereologically determined 
parameter Lm is rather be answered in the negative. In relation to the age-
matched control, there was no noticeable change in Lm before and after smoking 
cessation.

The smoking regimen was not identical with the smoking regimen that has been 
applied in an earlier study of the same research group (twice the amount of TPM 
in less daily time of smoke exposure). For this reason, it was of particular interest 
if the stereological results of the previous and the present study correspond. 
However, conformity of results could not be ascertained. In this study, smoke 
exposure did not lead to significant differences in Lm between smoke-exposed 
C57Bl/6JRj mice and their air-exposed control group in contrast to the earlier 
study for which the 129S6 mouse strain was used. The mismatch of results may 
be explained by the differences in smoking regimen but it may also reflect a 
distinct mouse strain dependent susceptibility to emphysema development under 
smoke exposure. This suggests a repeat study with C57Bl/6JRj applying the same 
smoking regimen as Cremona et al. (2013) used for 129S6 or a comparative study 
with 129S6 and C57Bl/6JRj mice under identical smoke exposure conditions.
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Fig. 5.3: Comparison of mean linear intercepts

(Lm) of C57Bl/6JRj mice of phase 1 (chronic smoke 

exposure) and phase 2 (smoking cessation) The 

individual results per group are depicted as

symbols. The top line of a bar represents the

median value. Lm is given in micrometers (µm)

Fig. 5.1: Comparison of absolute body weight

(given in g) of phase 1 (chronic smoke exposure) 

and phase 2 (smoking cessation). The top line of a 

bar represents the median value. The individual 

values are depicted as symbols. Data were

analyzed by Mann-Whitney-U-test, * p < 0.05

Fig. 5.2: Comparison of absolute lung volumes

(given in ml) of phase 1 (chronic smoke exposure) 

and phase 2 (smoking cessation). The top line of a 

bar represents the median value. Individual values

are depicted as symbols. 

4.2  Approach

Fig. 4.1: Representative image 

of a mouse lung micrograph 

with superimposed STEPanizer

counting window. Four 

intersections of the top margin 

of the upper line with alveolar 

epithelium were counted 

(indicated with black arrows). 

The lower line was not used for 

evaluation.

Hematoxylin and Eosin staining, 

final magnification 400x, bar 

length 50 µm

Fig.4.2: Schematic 

description of the 

experimental setup 

including treatment of the 

trial groups SMK, Ex-

SMK and CTRL and 

duration of the study. 

Procedures (measure-

ment of body weight, 

lung harvest) that 

concern only certain trial 

groups are marked with 

identical colours.


