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Abstract 

Uhlik, J.: Quantitative Evaluation of Findings in the Epithelium of Terminal Bronchioles in 
Healthy Rabbits (Oryctolagus cuniculus var. edulis). Acta vet. Bmo 1996,65: 181-184. 

The ultrastructure of the epithelium of terminal bronchioles in healthy control rabbits was 
evaluated quantitatively. The simple epithelium of terminal bronchioles was composed of ciliated 
cells and secretory Clara cells. The ciliated cells were low columnar or cuboidal, their apical 
surfaces carried only several tens of kinocilia that were not arranged to the continuous ciliary 
border. The high, columnar Clara cells overtopped and often even overlapped the ciliated ones by 
their voluminous apical portions. The ultrastructure of both cell types was found conformable to 
this described in the literature. The Clara cells slightly prevailed in number. They represented 
52.7 ± 3.6% of epithelial cells. In 73.5 ±9.4% of them secretory granules were discovered. 

Terminal bronchioles, ciliated celis, Clara celis, ultrastructure 

In our previous experiments the effect of different drugs, therapeutic or diagnostic procedures 
on the ultrastructure of the large extrapulmonary airways' epithelium was studied. A new 
method of the quantitative evaluation of findings in this epithelium and the classification of the 
degree of injury to this epithelium was proposed (K 0 n r ado v a 1991, 1995). 

We decided to extend our studies also to the terminal branches of the bronchial tree, where 
the pseudostratified columnar ciliated epithelium was gradually substituted by a simple 
epithelium and the goblet cells were replaced by the Clara ones. 

To be able to evaluate the changes caused by different experimental procedures in the 
epithelium of terminal bronchioles we tried to perform a method of the quantitative 
evaluation of the ultrastructure of this epithelium in healthy control rabbits. 

Materials and Methods 

Three clinically healthy rabbits (males, body mass 1,740 g - 3.800 g) were used. Under general anaesthesia the 
lungs were removed and one of them was immediately perfused by 59c glutaraldehyde in 0.1 Iv! cacodylate buffer 
(pH 7.2) through a plastic cannula introduced to the main bronchus. One of the perfused lungs was then transversely 
sectioned and tiny pieces of the tissue were collected and fixed for 90 min with 5ge glutaraldehyde in 
0.1 M cacodylate buffer and then for 60 min with 29c OsO. in 0.1 M cacodylate buffer (pH 7.4). The material was 
dehydrated in graded series of alcohol and embedded in a Durcupan-Epon mixture. Terminal bronchioles were 
localized in semithin sections stained with toluidine blue (1ge toluidine blue in 9.46'7c aqueous Na,HPO. solution). 
Ultrathin sections were prepared on Ultrotome Nova. contrasted with uranyl acetate and lead citrate and examined 
in JEM 100 C electron microscope. 

In the course of quantitative evaluation the total number of ciliated and Clara cells and functional state of Clara 
cells were recorded in the electron microscope. A totul of 284 ciliated cells was counted and of the 317 Clara cells 
only in 233 secretory granules were encountered (Table I). 

Results 

Terminal bronchioles of healthy rabbits were lined by simple epithelium where low 
columnar or cuboidal ciliated cells and high columnar Clara cells almost regularly 
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Table I 

Quantitatiw evaluation of the epithelium of terminal bronchioles in control rabbits (absolute values) 

Rabbit No.1 No.2 No.3 total 

Ciliated cells 127 77 80 284 

Clara cells 123 96 98 317 

CC with granules 79 73 81 233 

CC without granules 44 23 17 84 

CC=Clara cells 

alternated. Clara cells highly protruded into the lumen of bronchioles and by their conical 
or dilated apical portions overlapped the surfaces of the ciliated ones (Plate III., Fig. I). By 
means of dilated apical portions the Clara cells sometimes almost isolated the ciliated ones 
from the airways' lumen. We did not find any other cells in the terminal bronchioles' 
epithelium. 

Apical junctional complexes between epithelial cells were well developed (Fig. 2). Many 
isolated desmosomes were also encountered on the lateral cell surfaces. 

Epithelial cells rested on a well developed basal lamina. In the layer of a loose connective 
tissue of the lamina propria mucosae extensive masses of the elastic fibers were often found 
(Fig. 3). A relatively thick layer of smooth muscle cells was observed under the lamina 
propria mucosae. 

The ciliated cells contained spherical, basally situated nuclei with a high content of 
euchromatin. Their cytoplasm was rich in mitochondria with electron dense matrix and 
numerous cristae. The mitochondria were concentrated especially in the apical portions of 
the cytoplasm. They were ovoid or elongated in shape with their long axis parallel to the long 
axis of the cell (Figs 1, 2). Many free ribosomes and polyribosomes were found in the 
cytoplasm. Tiny lysosomes or larger vacuoles containing heterogenous material were often 
observed. Multivesicular bodies regularly occurred mostly in apical portions of the 
cytoplasm (Fig. 2). Isolated cisternae of the rough endoplasmic reticulum, not very well 
developed Golgi complex and several transport vesicles were also noticed. Exceptionally 
extensive intracytoplasmic ciliated vacuoles were encountered (Fig. 4). The elements ofthe 
cytoskeleton were very well developed in the ciliated cells. A dense network of 
microfilaments and numerous long isolated microtubules were found mostly in apical 
portions of these cells. The ciliary apparatus of typical appearance was developed on the 
apical surface (Figs 1,2). The ciliated cells of the terminal bronchioles were equipped with 
lower number of cilia compared with those in larger airways. Only several tens of cilia were 
usually encountered on their surfaces. The microvilli prevailed on the apical surfaces (Figs 
1,2). The voluminous protrusions of the neighbouring Clara cells reduced the area of the 
ciliary border and contributed to the rather oblique orientation of the cilia. Instead of regular 
ciliary border only isolated tufts of cilia were observed above individual ciliated cells. 

Oval, light nuclei of Clara cells were situated in the central area or near the base of these 
cells. The apical portion of their cytoplasm was rich in tubules of the smooth endoplasmic 
reticulum filled by the moderately electron dense material (Plate IV., Fig. 5, 6). Numerous 
parallel cisternae of the rough endoplasmic reticulum were situated in the basal portions of 
the cytopl~m (Fig. 7). The cisternae were usually narrow without any signs of product' 
accumulauon. Golgi complex was not very extensive. Cytoplasm of the Clara cells 
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contained numerous mitochondria. Together with the small mitochondria of the usual 
appearance also large, spherical or oval ones with the less electron dense, finely granular 
matrix and a few cristae, situated usually in the apical portions of the Clara cells' cytoplasm, 
were observed (Fig. 6, 8). In the majority of the Clara cells oval or slightly irregular secretory 
granules mostly filled with highly electron dense, homogenous content were encountered 
(Fig.8). In some of them small, spherical, eccentrically located, light area was found. 
Electron lucent granules were exceptionally also observed. The granules were mostly 
concentrated in the apical portions of the cells just under the plasma membrane. The apical 
surfaces of the Clara cells carried only a few short, wide microvilli (Fig. 1 , 5). 

In the epithelium of the terminal bronchioles of healthy rabbits the secretory Clara cells 
slightly prevailed. They represented 52.7±3.6% of epithelial cells. In the majority of them 
(73.5±9.4%) secretory granules were discovered, only 26.5±9.4% did not reveal the 
secretory activity. 

Discussion 

The ultrastructure of the epithelial cells of rabbits' terminal bronchioles was described in 
numerous papers (Breeze and Wheldon 1977; Gail and Lenfant 1983; Jeffery 
1983; Kil burn 1974; Plopper et al. 1980a). Our findings coincide completely with these 
descriptions. Only Smith with co-workers found dilated tubules of smooth endoplasmic 
reticulum in healthy control rabbits (S mit h et al. 1979). In agreement with other authors 
(H ark e m a et al. 1993; P lop per et al. 1994) we consider this finding to be one of the 
signs of the Clara cells' pathological alteration. 

The quantitative evaluation of the ultrastructure of the epithelium of the terminal 
bronchioles was performed by several authors. Their results differed according to the studied 
species. Interspecies differences in the relative number of individual cells in this epithelium 
were described in the comparative studies of Plopper and his fellow-workers (Plopper 
1983; Plo p per et al. 1980ab). According to these authors the Clara cells represented from 
about 50% of epithelial cells in hamsters and cattle to nearly 100% in cats and dogs. 

Hyde and his fellow-workers and in some studies also Plopper noticed the conspicuous 
prevalence of the secretory Clara cells over the ciliated ones in the epithelium of rabbits' 
terminal bronchioles (Hyde et a1.1983; Plop per 1983; Plopper et al. 1980a). 
According to these authors the percentage of the Clara cells varied between 66.2 and 67.4% 
of all epithelial cells. 

Only in the last paper Plopper described the nearly equal occurrence of ciliated and Clara 
cells in the epithelium of rabbits' terminal bronchioles (48.7% of ciliated cells, 47.3% of 
Clara cells and 3.9% of other or uncategorized cells) (P lop per et al. 1983). These results 
are very similar to our findings in the bronchiolar epithelium of the healthy control rabbits. 

K vantitativni hodnoceni milezii v epitelu termimilnich bronchiolii zdrarych kralikii 
(Oryctolagus cuniculus var. edulis) 

Hodnotilijsme kvantitativne ultrastrukturu epitelu termimHnfch bronchiolu zdravych kon
trolnfch kraliku. Jednovrstevny epitel terminalnfch bronchiolu byl tvoren rasinkovymi buft
kami a sekrecnimi Clara buftkami. Rasinkove builky byly nizce cylindricke az kubicke,jejich 
apikalni povrchy nesly jen nekolik desitek kinocilii, jez nebyly usporadany do souvisleho 
rasinkoveho lemu. Vysoke, cylindricke Clara buftky prevysovaly a casto svymi sirokymi 
apikalnimi castmi dokonce prekryvaly buftky rasinkove. Ultrastruktura obou bunecnych typu 
se shodovala s Udaji z literatury. Clara buftky svym poctem lehce pfevazovaly. Pfedstavo
valy 52,7±3,6% epitelovych bunek. V 73,5±9,4% z nichjsme nalezli sekrecni granula. 
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Description of ligures 

Plate III. 

Fig.l. Apical portions of the ciliated (a) and Clara (b) cells. 25 OOOx 

Fig.2. Apical junctional complex between two ciliated cells (arrowhead). 25 OOOx 

Fig.3. Basal portion of the epithelium separated by the basal lamina (a) from the lamina propria mucosae rich in 
elastic fibers (b). 25 OOOx 

Fig.4. Extensive intracytoplasmic ciliated vacuole in the cytoplasm of the ciliated cell. 50 OOOx 



Plate IV. 



Plate IV. 

Fig.5. Numerous tubules of smooth endoplasmic reticulum (arrowheads) and mitochondria (a) in the apical portion 
of the Clara cell. 37 500x 

Fig.6. Tubules of smooth endoplasmic reticulum (arrowheads), tiny mitochondria with numerous cristae (a) and 
a large, spherical mitochondrion (b) in the cytoplasm of the Clara cell. 62 500x 

Fig.7. Parallelly arranged cisternae of rough endoplasmic reticulum (arrowheads) situated beneath a nucleus of the 
Clara cell. 50 OOOx 

;~gd::io:lectron dense secretory granules (a) and large, spherical mitochondria (b) in the cytoplasm of the Clara cell. 
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