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Morphologic Changes of Airway Mucosa after
Ozone Exposure in Rats

Byung-Kook Kim. MD, Ki-Sang Rha, MD, See-Ok Shin, MD*

Department of Otolaryngology, College of Medicine,
Chungnam National University, Chungbuk National University*

Objectives : This study was designed to compare the morphological changes in the nasal,
tracheal and main bronchial mucosa in rats exposed to 0, 0.3 0.6, 0.9 and 12 ppm ozone for 7
days, 6 hours per day.

Materials and Methods : We observed the nasal, tracheal and main bronchial mucosa in rats
exposed to 0, 0.3, 0.6, 0.9 and 1.2 ppm ozone for 7days, 6hours per day with LM, SEM and
TEM.

Results : In light microscopy, influx of inflammatory cells, epithelial hyperplasia, loss of cilia
and increased goblet cells were observed in all rats except those exposed to 0.3 ppm. These
findings increased with the increase of ozone concentration, but there were no significant
differences among the nasal, tracheal and main bronchial mucosa in rats exposed to the same
ozone concentration. In scanning electron microscopy, a loss of cilia was observed in rats
exposed to 0.3 ppm in some sections and 0.6 ppm and 1.2 ppm in all sections. In transmission
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electron microscopy, vacuolization of epithelial cells was observed in rats exposed to 0.3

ppm in some sections and 0.6 ppm in all sections. These results suggest that electron
microscopic observation is necessary to study morphology of airway mucosa in rats exposed to
ozone below 0.3 ppm. And also the morphological changes in nasal septal epithelium may
reflect those of tracheal and bronchial epithelium after high concentration ozone-exposure.
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Table 1. Degree of inflammatory cells according to the concentration of ozone
03 06 09 1.2 (ppm)
No. S
T B S T B S T B S T B
1 - - +- + + *- + ++ ++ ++ ++ ++
2 - +- - 4+ + +- + ++ ++ 4+ ++ ++
3 +- +- - + +4 + +4 +4+ +4+ + ++ ++
4 - +- +- _ 4 4~ + + + + + ++
5 - + +- - + +— + + + ++ ++ ++
S: septal mucosa  T: tracheal mucosa B: bronchial mucosa - : no change, +- : slight change, + : moderate change,

++ : marked change
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Fig. 1. Light micrographs of septal mucosa in rats exposed to 0 (A), 03 (B), 06 (C), 09 (D), and. 12
(E) ppm ozone (H/E stain, x 200). (C) Infiltration of inflammatory cells is found in subepithelial layer.
(D) Infiltration of inflammatory cells is found in epithelial layer. (E) Loss of cilia is noted
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Fig 2. Light micrographs of tracheal mucosa in rats exposed to 0 (A), 03 (B), 06 (C), 09 (D), and 12
(E) ppm ozone (H/E stain, x 200). (CXD) Infiltration of inflammatory cells and epithelial hyperplasia are
found (F) Squamous metaplasia is noted,
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Fig 3. Light micrographs of bronchial mucosa in rats exposed to 0 (A), 0.3 (B), 06 (C), 09 (D), and 1.2
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(E) ppm ozone (H/E stain, x 200). (CXDXE) Infiltration o inflammatory cells and epithelial hyperplasia

are found
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Fig. 4. Light micrographs of septal, tracheal and bronchial mucosa in rats exposed to 0 and 1.2 ppm
ozone. (AB/PAS stain, x 200). septal mucosa: (A) 0 ppm (B) 12 ppm, tracheal mucosa: (C) 0 ppm (D)
12 ppm, bronchial mucosa: (E) 0 ppm (F) 12 ppm, (BXD)XF) Increased goblet cells compared to the
control are found
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Table 2. Degree of loss of cilia according to the concentration of ozone

No. 03 0.6 09 1.2 (ppm)
S T B S T B S T B S T B
1 - +- . + + + + + + ++ ++ ++
2 +- + + +- ot - + ++ + ++ ++ ++
3 - - - + + + + ++ +4 + ++ ++
5 - + += _ N . i _ ro +4+ ++ +

St septal mucosa, T: tracheal mucosa, B: bronchial mucosa, - © no change, +- ° slight change, + : moderate change,
++ marked change

Table 3. Degree of epithelial hyperplasia according to the concentration of ozone

03 0.6 09 1.2 (ppm)
No. S
T B S T B S T B S T B
1 — - - += + - + ++ + o ++ +
2 - + + +- + + + ++ ++ ++ ++ ++
3 + += - + ++ + + ++ +4+ + +4+ ++
4 + - ~ N 4 + o 4 + + +4 T
3 = - - e v . 4 " + ++ + +

St septal mucosa, Tt tracheal mucosa, B! bronchial mucosa, - : no change, +-  slight change, + : moderate change,
++ ! marked change

Table 4. Degree of increased goblet cells according to the concentration of ozone

0.3 06 09 1.2 (ppm)
No. S

T B S T B S T B S T B
1 . - - - +* - * = = ++ + +
2 - + +— +— + +- + + + ++ ++ ++
3 - - - + +- +— + + + ++ + +
4 - - - + + + +— + + + +-~ +
5 - - - _ _ . N + + + + +

S: septal mucosa, T: tracheal mucosa, B: bronchial mucosa, - : no change, +- : slight change, + : moderate change,
++ ! marked change
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o cilia compared to control is found
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Fig. 6. Saanning electron micrographs o tracheal mucosa in rats exposed to 0 (A), 03 (B), 06 (C), and
12 (D) ppm ozone. (CXD) Loss of cilia compared to control is found,
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Fig. 7. Scanning electron micrographs of bronchial mucosa in rats exposed to 0 (A), 03 (B), 06 (C),
and 1.2 (D) ppm ozone. (D) Clumping o cilia is noted
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Fig. 8. Transmission electron micrographs of septal mucosa in rats exposed to 0 (A), 0.3 (B), 06 (C),
and 12 (D) ppm ozone. (B) Intracellular vacuolization is found (x3000). (C) Increased secreting granules
of goblet cells are found (x3500). (D) Loss o cellular polarity is noted (x3000).
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Fig. 9. Transmission electron micrographs of tracheal mucosa in rats exposed to 0 (A) 03 (B), 06 ( C)
and 1.2 (D) ppm ozone. (D) Prominent nucleoli and euchromatin of nuclei are found (x3000).
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Fig. 10. Transmission electron micrographs of bronchial mucosa in rats exposed to 0 (A), 03 (B), 06 (C)
and 1.2 (D) ppm ozone. (B) Intracellular vacuolization and mitochondrial swelling are found (x3000).
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