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Ultrastructural Examination of Early Changes of Small Airway and Pulmonary
Parenchyma by Sidestream Cigarette Smoking

Kun Young Kwon, M.D., Young Ho Kim*, Byoung Yuk Yi, M.D.,
Yu Na Kang, M.D., Sang Sook Lee, M.D.

Department of Pathology, Keimyung University School of Medicine and
Central Electron Microscopy Laboratory*, Taegu, Korea

Abstract : Cigarette smoking induces small airway diseases and deterioration in the lung
function, and progresses to pulmonary parenchymal alteration, Early respiratory bronchiolitis
and pulmonary parenchymal alteration were produced in Sprague-Dawley rats by daily
exposure of sidestream cigarette smoke for one month, using a smoking chamber designed by
authors. Experimental group A (n=>5) was sacrificed after smoke of one cigarette/day, group
B (n=5) with three cigarettes/day, and group C (n=7) with five cigarettes/day for one
month, The early changes of small airway and pulmonary parenchyma were examined by
light microscope, transmission and scanning electron microscopes. Under light microscope,
there were multifocally alveolar collapses, dilatation of respiratory bronchioles, alveolar ducts
and alveolar spaces, and increase in number of brown-pigmented alveclar macrophages in
alveoli around the respiratory bronchioles. Under transmission electron microscope,
irregularly shaped Clara cells with decreased number of secretory granules, collapse of
alveolar walls, and mild injury of type I and II epithelial cells were seen. Under scanning
electron microscope, scattered foci of alveolar collapse, irregular dilatation of alveolar ducts,
alveolar spaces and interalveolar pores (pores of Kohn), and irregular thickening of alveolar
septa around the small airway were observed. We, therefore, concluded that sidestream
smoke induced an early phase of respiratory bronchiolitis, dilatation of respiratory bronchioles
and alveolar ducts, and mild remodeling of pulmonary parenchymal structure.

Key Words : Sidestream smoke, Respiratory bronchiolitis, Alveolar epithelial and
endothelial injury, Transmission and scanning electron microscopy
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buffer, pH 7.4) 2.2 1-4 ToIA 243t Aug < &
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Fig. 1. Light mlcrographs of lung parenchymal changes after sidestream exposure of cigarettes for one month in
rats. A: Exposure to one cigarette smoke per day. Relatively well preserved lung parenchyma with mild
dilatation of alveolar ducts (asterisk) and a focus of alveolar macrophage collection (arrow). B: Exposure
to three cigarette smokes per day. Foci of alveolar collapse associated with dilated respiratory bronchiole
(asterisk). C: Exposure to five cigarette smokes per day. Note multifoci of alveolar collapses associated
with inflammatory cell infiltration, and alteration of alveolar structure (asterisks).
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Table 1. Light microscopic findings of small airway and lung parenchymal tissue after sidestream cigarette
smoke for one months in rats

__

T Group
Findings \\\\\ I I Ul
Increase in No. of Goblet cells in bronchiolg +/— + +—++
Peribronchiolar patchy consolidation +/— + +
Dilatation of RB and AD + +—++ ++
Collapse of alveoli +/— + +—+ +, multiple
Increase in No. of alveolar macrophages + ++ ++
Inflammatory cell infiltration - + +—++
Dilatation of RB and AD +/— +/— +, patchy

I: sidestream exposure to one cigarette per day for one month; II: sidestream exposure to three cigarettes per
day for one month; III: sidestream exposure to five cigarettes per day for one month; No.: number; +/-:
minimal; +: mild; ++: moderate; +++: prominent; RB: respiratory bronchiole; AD: alveolar duct.

Fig. 2. Transmission electron micrographs of pulmonary parenchymas after sidestream exposure to one (A), three
(B) and five (C) cigarette smokes per day respectively. A: Relatively well preserved alveolar wall with
mild edema of interstitium (asterisk). B: Note moderate edematous change (asterisks) and focal collapse of
alveolar wall (arrows). C: The alveolar walls show prominent collapse with alteration of alveolar structure
(arrows). AS: alveolar space; AC: alveolar capillary. Original magnification A: X 12,000, B: X 6.000, C:
% 8.000.
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Fig. 3. Transmission and scanning electron micrographs of alveolar macrophages after sidestream exposure of one
(A) and three (B) cigarette smokes per day respectively for one month. A: Two alveolar macrophages with
active phagocytosis (arrows) are seen. B: One alveolar macrophage contains many phagocytic granules in
the cytoplasm. C: Scanning electron micrograph shows an alveolar macrophage adjacent to alveolar wall.
AS: alveolar space; AW: alveolar wall. Original magnification A: X 2,000, B: X 6,000, C: x2,500.

Fig. 4. Scanning electron micrographs of lung parenchyma after sidestream exposure of one (A), three (B) and
five (C) cigarette smokes per day respectively for one month. A: Relatively well preserved alveolar
structures are seen. B: Mild irregular arrangement of alveolar structure with alveolar collapse (arrows) are
seen. C: Marked collapse of alveolar walls (arrows) and dilatation of alveolar duct and alveolar space are
seen. AD: alveolar duct; AS: alveolar space. Original magnification A and B: X 150, C: X 180.
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Fig, 5. Scanning electron micrographs of lung parenchyma after sidestream exposure of one (A), three (B) and
five (C) cigarette smokes per day respectively for one month. A: Note mild irregular alteration of alveolar
structure with dilated alveoli (asterisk). B: Moderate dilatation of alvelar duct, alveolar collapse (arrows),
and fibrin and inflammatory cells (asterisk) are seen. C: Marked irregular dilatation of alveolar spaces with
dilated pores of Kohn (arrows) are seen. AS: alveolar space; AD: alveolar duct. Original magnification A

and B: X300, C: x450.
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Table 2. Electron microscopic findings of small airway and lung parenchymal tissue secondary to sidestream

cigarette smokefor one months in rats

Findings Giroup I I I

Clara cells +/— + + 4+
irregular arrangement )= + + 4
decrease in number Ty T+ NN
loss of microvilli /= 4 L4
decrease in No. of secretory granules +/— PR PR
decrease in No. of secretory granules L . L

Pf.:rlbrqnchlolar patchy thickening (SEM) . S Ll

Dilatation of RB and AD (SEM)

Alveoli
I & 11 epithelial cell injury unremarkable /= + .
collapse (SEM) +/— + +—+ 4+ multiple
dilatation of pore of Kohn + t—++ ettt

Alveolar macrophages
phagocytosis +—++ +—+++ =4+ +

Interstitial edema + +—++ +

I: sidestream exposure to one cigarette per day for one month; II: sidestream exposure to three cigarettes per
day for onc month; I1I: sidestream exposure to five cigarettes per day for one month; +/-: minimal; +: mild; ++:
moderate; +++: prominent; SEM: scanning electron microscope; RB: respiratory bronchiole; AD: alveolar
duct.

4 e

Fig, 6. Scanning electron micrographs of Clara cells (arrows) in respiratory bronchioles after sidestream exposure of
one (A), three (B) and five (C) cigarette(s) smokes per day respectively for one month. A: Note mild irregu-
lar arrangement of Clara cells. B: Note moderate irregularity of shape and arrangement of Clara cells in the
mucosa. C: The Clara cells show marked decrease in number, irregularity of arrangement and conglomera-
tion (asterisks). Inset: Transtmission electron micrographs of Clara cells changes after sidestream exposure of
one (A), three (B) and five (C) cigarette(s) smokes per day respectively. Note morphologic alteration and loss
of microvilli (arrow). Original magnification A to C: X 1,000. Inset: A- X 7,000, B & C- X 5,000.
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