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Abstract 

Konradova V., S. Tlima, J. Uhlik, A. Zajicova, 1. Zocova: Ultrastructure of the 
Tracheal Epithelium in Rabbits (Oryctolagus cuniculus var. edulis) after Intratracheal Adminis­
tration of Two Iodinated Contrast Agents. Acta vet. Bmo 1995, 64: 147-155. 

The ultrastructure of the tracheal epithelium was studied after intratracheal administration of two 
contrast agents - iopamidol (Iopamiro) and iohexol (Omnipaque) - used in clinical practice for 
tracheobronchography. The injury of the tracheal epithelium due to the iopamidol and iohexol 
administration was classified as mild and moderate, respectively. In both experimental groups 
bacteria and inspissated mucus were revealed in the area of the impaired ciliary border as 
morphological signs of the impairment of the self-cleaning ability. The uneven distribution of the 
contrast media particles were encoUntered in the airways. In the areas of its highest accumulation . 
the disturbances of the cell membranes and the impairment of the inner structure of the cilia were 
recorded. 

Tracheal epithelium, ultrastructure, iodinated contrast media, rabbit 

The tracheobronchography has been used as a diagnostic method even in veterinary 
practice in recent years. In human medicine a new generation of water soluble iodinated non­
ionic contrast media have been introduced. In our previous study (K 0 n r ado v a et al. 
1990b, 1992) we demonstrated that the injection ofHexabrix - a contrast agent with declared 
low toxicity - into the airways, caused pronounced injury to the tracheal epithelium. 
Therefore we decided to study the effect of two new contrast media, commonly used in 
clinical practice for the endoscopic investigation, on the ultrastructure of the airway 
epithelium. In our experiments we used iopamidol - introduced into the clinical practice 
under the name IOPAMIRO - and iohexol - used under the name OMNIP AQUE. 

Materials and Methods 

In our experiments 9 healthy rabbits (body mass 2,000 - 3,000 g) were used. All animals were of the same origin 
and were kept under the same conditions. They were divided into 3 groups, each consisting of three animals. The 
first group of rabbits served as untreated controls. In these animals quantitative evaluation of the ciliary border and 
the functional state of goblet cells were carried out. These findings were described in detail in our preceding study 
(K 0 n rad 0 v a and S r aj e r 1987). 

The remaining rabbits were intubated under thiopental anaesthesia and 3 of them were injected 1 ml of iopamidol 
(N,N' - bis(2-hydroxy-l-hydroxy-methyl-ethyl)-2,4,6-triiodo-5-lactamido-i sophthalamide) introduced by 
BRACCO, Industria Chimica of Milan, Italy, under the name lOP AMIRO, into their airways. The remaining three 
were treated in the same way with 1 ml of iohexol (N,N'- bis(2,3-dihydroxypropyl)-5-[N-(2, 
3-dihydroxypropyl)acetamidoj-2,4,6-triiodoisophthalamide) produced by NYCOMED a.s. under the name of 
OMNIPAQUE. 

The material for the electron microscopical examination was collected 5 min after application of the contrast media. 
The caudal part of the trachea was removed and fragments of its mucous membrane were fixed for 90 min in 5% 
glutaraldehyde in O.IM cacodylate buffer at pH 7.2 and then for 60 min in 2% Os04 in O.lM cacodylate buffer at 
pH 7.4. Material was dehydrated in graded series of alcohol and embedded in a Durcupan-Epon mixture. Zones 
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suitable for ultrathin sectioning were detected in semithin sections, stained with toluidine blue (I % toluidine blue in 
9.46% aqueous N~HP04 solution). Ultrathin sections were prepared with an Ultrotome Nova LKB, contrasted with 
uranyl acetate and then according to R e y n 0 Ids (1963). They were examined in JEM 100 C electron microscope. 

In all rabbits the ciliary border and the functional state of the goblet cells were evaluated quantitatively. The 
goblet cells were classified into three groups: 1) mucus-filled ones that did not show signs of secretion, 2) mucus­
discharging cells, 3) exhausted ones. To estimate quantitatively the degree of injury to the ciliary border the 
average number of kinocilia per um2 and the proportions of individual types of altered cilia were ascertained. The 
kinocilia were classified into four groups: I) intact cilia with 9+2 inner pattern, 2) slightly damaged pathological 
cilia with local swellings of the ciliary membrane or with tiny vacuoles situated in their shafts, 3) degenerating 
cilia that were represented by axonemes incorporated into the cytoplasmic blebs on the apical portions of the 
altered ciliated cells or by isolated axonemes and their fragments situated freely in the area of the ciliary border, 
4) malformed cilia with either abnormal arrangement or number of microtubules in their axonemes. 

Relative values of (he 3 categories of goblet cells and 4 ones of cilia were evaluated by the chi square test of 
homogeneity in frequency tables. To specify categories causing deflections from the hypothesis of homogeneity 
adjusted standardized deviations were used. Means of cilial/Lm2 were compared by the one-way analysis of 
variance (AOY) and by a non-parametric analogy of the AOY - Kruskal-Wallis test. The differences between 
groups were assessed by the Tukey's test for multiple comparison. The Leven's test of homogeneity of variance 
was also performed. 

Results 

Ultrastructure of the tracheal epithelium in control rabbits 

In the group of control rabbits a ciliated pseudostratified columnar epithelium with narrow 
intercellular spaces was found lining the tracheae. In the apical portions of the epithelium 
junctional complexes were situated. The epithelium rested on a well developed basal lamina and 
consisted of ciliated and goblet cells. In the basal area of the epithelium an incomplete row of 
basal cells and individual cells representing the members of the diffuse neuroendocrine system 
were found. The differentiating ciliated and goblet cells were observed only exceptionally. 

Table I 
Comparison of goblet cells (GC) in the tracheal epithelium of rabbits after intratracheal administration 

of iodinated contrast media Iopamiro and Omnipaque (relative values) 

controls Iopamiro Omnipaque 

mucus-filled GC 97±1% 57±6% 49±10% 

I L-***~ L-**---.J 
*** 

mucus-discharging GC3±1% I 27±7% 22 ±3% 

I L- ***-----1 I 
*** 

degenerated GC 10 I 16 ± 4% 29 ± 3% 

L- * * * -----1 L-* * * -.--.J I 
*** 

stimulated GC 3±1% I *43±6% I *51±0% 
(mucus-discharging +degenerated) I ~ ***---.J L-**---.J·I 

*** 
GC arranged in groups 6±3% 9±2% 7 ± 1% 

n=3, mean ± SD, *** values differ significantly (p < 0.(01) from each other ** values differ significantly 
(p < 0.01) from each other 
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The ciliated cells were the most numerous in the epithelium. Individual goblet cells were 
found among the ciliated ones. Only 6 ± 3% of them formed small groups, mostly pairs 
(Tab. 1 ); 3 ± 1 % of goblet cells discharged their mucus by means of gradual evacuation of 
individual apical mucous granules. The mucus-filled goblet cells amounted to 97 ± 1 %. 

Table 2 
Comparison of the quantitative evaluation of ciliary bonier of the tracheal epithelium of rabbits after 
intratracheal administration of iodinated contrast media Iopamlro and Omnipaque (relative values) 

controls Iopamiro Omnipaque 

intact kinocilia 98.8 ±0.1% 88.3 ± 2.4% 94.2 ± 1.7% 
I L- * * * -----..J L--* * * ---.J I 

*** 
pathological kinocilia 0.5 ± 0.2% I 1.2 ± 0.2% l 0.5 ± 0.2% 

L.-- ***---.-J ~ ***-----1 
degenerating kinocilia 0.3 ± 0.1%1 8.3 ± 4.1% I 3.8 ± 1.2% 

I L- ***-----1 L-***---.-J 1 
*** 

malfonned kinocilia 0.4 ± 0.2% J 2.2 ± 3.6% J 1.5 ± 0.6% 

I L- ***--.--J L--***---.J J 
*** 

altered kinocilia 1.2 ± 0.1% I 11.7 ± 2.4% I 5.8 ± 1.4% 
(pathological + 
degenerating + malfonned) 1 L- * * * --.--J L--* * * ----.J I 

*** 

n=3, mean ± SD, *** values differ slgmficantly (p < 0.001) from each other 

.0 '.7 
r+- >:5 

• 
~'-

6 + 
4 

2 

controls Iop&llliro OtInipaque 

Graph 1. 
Mean number of cilia per IIJ.m2 of the ciliary border 

in the trachea of rabbits after intratracheal 
administration of two iodinated contrast media. 

n=3, values differ significantly (P < 0.001) compared with controls and also from each other. 
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On the average 9.7 ± 0.3 cilia per 111m2 were found in the area of the regular ciliary border 
(Graph 1). The cilia were mostly (98.8 ± 0.1%) intact, the total proportion of altered 
elements was 1.2 ± 0.1 %. The pathological, degenerated and malformed cilia amounted to 
0.5 ± 0.2%, 0.3 ± 0.1 % and 0.4 ± 0.2%, respectively (Tab. 2). 

Ultrastructure of the tracheal epithelium 5 min after iopamidol 
administration 

Five min after administration of iopamidol into the airways, rabbits' tracheae were lined 
with an altered pseudostratified ciliated epithelium. The intercellular spaces were mildly 
dilated in the area above the basal lamina, the apical junctional complexes remained intact. 

A few tiny cytoplasmic protrusions were revealed on the apical portions of some ciliated 
cells (Plate V., Fig.I). Inside these apical blebs a few intact or disintegrating axonemes were 
usually found. Exceptionally voluminous protrusions with a great number of isolated 
axonemes were observed. 

In the ciliated cells cytoplasm a slight increase in number of secondary lysosomes (Plate 
V., Fig.2) and the appearance of intracytoplasmic ciliated vacuoles filled with finely 
fibrogranular matrix, remnants of membranes and tiny vesicles containing electron-dense 
heterogenous material were encountered. Inside these ciliated vacuoles microvilli and 
kinocilia protruded. The cilia contained usually axonemes of the 9 ± 2 inner pattern, but also 
elements with atypical number of microtubules were revealed. Among the malformed cilia 
those with less than 11 microtubular elements prevailed (Plate V., Fig.3). The differentiating 
ciliated cells with the cytoplasm poor in cytoplasmic organelles with exception of 
ribosomes, were found only exceptionally in the epithelium. 

The goblet cells were mostly scattered as isolated elements among the ciliated ones. Only 
9 ± 2% of them were arranged in small groups (Tab. 1). In the epithelium the stimulated 
goblet cells prevailed, they amounted to 43 ± 6% (Tab. 1); 27 ± 7% of goblet were found in 
the phase of mucus evacuation. The secretion was mostly discharged by means of gradual 
evacuation of individual apical mucous granules. The detachment of packets of mucous 
granules or whole apical mucus-distended portions of the goblet cells were observed only 
exceptionally, and 16 + 4% of goblet cells were completely exhausted. Remnants of their 
highly electron-dense degenerated cytoplasm were often detected bulging above the 
neighbouring cells or laying freely in the area of the ciliary border. A few differentiating 
goblet cells with a few small mucous granules separated by wide cytoplasmic septa were 
noticed in the epithelium. 

On average only 7.5 ± 1.7 cilia/11m2 were counted in the impaired ciliary border (Graph 1). 
The cytoplasmic blebs, remnants of membranes and portions of the electron-dense cytoplasm 
of the sloughed off degenerated goblet cells impaired the regular arrangement of the cilia above 
the epithelium. The total proportion of the altered cilia amounted to 11.7 ± 2.4%. The 
pathological, degenerating and malformed cilia represented 1.2 ± 0.2%, 8.3 ± 4.1 % and 2.2 ± 
3.6% respectively (Tab. 2). Numerous bacteria (Plate V., Fig.4), clumps and layers of 
condensed mucus embedding the free cilia were found in the area of the impaired ciliary border. 

In the lumen of tJ-ie trachea iopamidol appeared as highly electron-dense needle-shaped 
particles that revealed a tendency to fuse and form tiny aggregates (Plate V., Figs. 4 and 5). 
These particles were noticed intermingled in the condensed secretion often concentrating at 
the surface of the layers of inspissated mucus. They struck to the limiting membranes of cilia 
and bacteria, to the membranes of the apical cytoplasmic blebs and to the portions of the 
degenerated sloughed off goblet cells. A small amount of the contrast agent was also revealed 
in the apical portions of the mucus distended goblet cells. The applied contrast agent was not 
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unifonnly distributed in the lumen of the airways. In the areas of its highest accumulation the 
electron dense particles penetrated the cilia and disturbed their inner structure (Fig. 5). 

Ultrastructure of the tracheal epithelium 5 min after iohexol 
administration 

Five min after intratracheal application of iohexol an altered pseudostratified ciliated 
columnar epithelium with narrow intercellular spaces and intact apical junctional complexes 
was found in the tracheae of the experimental animals. 

The process of blebbing was noticed on the apical portions of the ciliated cells. Inside these 
tiny cytoplasmic protrusions a few axonemes of kinocilia were contained. In the ciliated cells' 
cytoplasm an increase in small vacuoles, the appearance of voluminous ones containing 
remnants of partly hydrolysed electron-dense material and swollen mitochondria were 
revealed (Plate VI., Figs. 6 and 7). Some differentiating ciliated cells were noticed in the 
epithelium. 

Mostly isolated goblet cells were observed in the epithelium, only 7 ± 1 % of them formed 
small groups (Tab. I), and 51 ± 0% of them were stimulated to discharge mucus, 22 ± 3% 
were encountered in the phase of mucus evacuation. Mucus was mostly discharged from 
individual apical mucous granules, only exceptionally packets of granules were detached 
from these cells. The completely exhausted cells represented 29 ± 3% of the secretory 
elements (Tab. 1), (Plate VI., Fig. 8). 

On average 5.4 ± 0.3 ciliaillm2 were found in the area of the impaired ciliary border 
(Graph 1). Altered ciliary elements represented 5.8 ± 1.4% of all cilia. The proportion of 
pathological, degenerating and malformed cilia was 0.5 ± 0.2%, 3.8 ± 1.2% and 1.5 ± 0.6%, 
respectively (Tab. 2). Bacteria and clumps or layers of condensed secretion were observed 
among the cilia (Plate VI., Fig. 9). 

An uneven distribution of the contrast agent was observed in the area of the ciliary border. 
Iohexol appeared as coarser, larger particles with great tendency to form tiny aggregates 
(Plate VI., Fig. 10). The particles sometimes concentrated at the surface of the layers of 
condensed mucus and were also attached to the membranes of the epithelial cells. 

Discussion 

The material for our studies of the influence of the intratracheal injection of contrast agents 
on the ultrastructure of the tracheal epithelium was taken from the caudal part of the trachea 
out of reach of the catheter to avoid the evaluation of the mechanically damaged mucous 
membrane. In all our experimental animals altered epithelium was found in the airways, but 
the apical portions of the epithelial cells showed no signs of mechanical damage. The 
authors, who studied mechanical injury to the tracheal epithelium caused either by catheter 
insertion through incision (G 0 r don and La n e 1979; K e e nan et al. 1982, 1983; 
Marin et al.1979; McDowell et al.1987)orbyintubation(Althoff et al. 1981, 
L u n d g r e n et al. 1983; Nor din 1982) always found areas where epithelial cells had 
been mechanically dispatched. In our experiments the epithelium consisted of cells that 
revealed signs of pathological alteration, but the mechanical damage of the apical portions 
of these cells was not revealed. The apical cell membranes were all the time intact. 

After administration of both contrast agents the apical junctional complexes in the altered 
tracheal pseudostratified ciliated epithelium remained intact, neither dilatation of the 
intercellular spaces, nor penetration of free cells through the epithelium were observed. 

Alteration of the ciliated cells was noticed after administration of both contrast media. 
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A mild apical blebbing associated with destruction of free cilia and an increase in number 
of intracytoplasmic ciliary vacuoles were noticed in both experimental groups. The 
appearance of ciliary vacuoles could be taken as a sign of an impairment of the ciliogenesis. 

More pronounced injury to the ciliated cells was due to the iohexol application. In this 
experimental group the increase in number of secondary lysosomes was accompanied with 
appearance of numerous tiny vacuoles, voluminous phagosomes and alteration of the 
mitochondria in the ciliated cells' cytoplasm. 

In the first phase the distribution of the goblet cells in the epithelium was not influenced 
by the presence of the contrast agents in the airways. All the time the goblet cells were 
scattered among the ciliated ones, larger groups of goblet cells with the character of 
intraepithelial mucous glands found . in some pathological mucous membranes 
(K 0 n r ado v a et al. 1985) or in the course of recovery after severe injury to the airways 
epithelium (K 0 n r ado v a et al. 1990a) were not noticed in the epithelium. 

Due to the treatment with both studied contrast agents the goblet cells were overstimulated. 
In both experimental groups a significant (P < 0.005) increase in number of the stimulated 
goblet cells was revealed compared with those in control rabbits. Also the mechanism of 
secretion was accelerated. Though mucus was still mostly discharged gradually from the 
individual apical mucous granules, the detachment of whole packets of granules was 
observed. The percentage of mucus-discharging and completely exhausted goblet cells 
differed significantly compared with controls and also with each other. The higher degree 
of goblet cells stimulation due to the iohexol administration was reflected not only by 
significantly higher percentage of stimulated goblet cells but also of the completely 
exhausted ones. 

In both experimental groups the decrease in the average number of cilia!J.UI12 was 
accompanied by an increase in number of the altered elements in the impaired ciliary border. 
The injury to the ciliary border was significantly more serious due to the iohexol application. 
The average number of cilia! ILm2 after treatment with iohexol differed significantly 
(P < 0.005) compared both with controls and with that after iopamidol application. The lower 
percentage of the altered cilia after iohexol administration was a result of higher degree of 
the ciliated cells alteration connected with loss of kinocilia. 
In all experimental animals after injection of the contrast media into their airways bacteria and 

inspissated mucus were found in the area of the ciliary border. In agreement with our previous 
studies (K 0 n r ado v a and S raj e r 1987) and also with other authors who have studied the 
relation of the cilia to the layer of mucus in the airways (H u I b e r t et al. 1982; Stu r g e s s 
1977; Yon e d a 1976), we regard the condensed secretion with numerous entrapped bacteria 
that embed the free kinocilia as morphological signs of local mucus flow disturbances. 

In the lumen of the airways the contrast agents appeared as highly electron-dense particles 
that revealed the tendency to fuse. The differences in the shape of the contrast agent particles 
could be demonstrated. Iopamidol appeared as tiny needle-shaped particles, the iohexol 
particles were coarser, larger, with greater tendency to fuse. 

The distribution and the amount of the contrast agent was about the same in both 
experimental groups. In the areas of its highest accumulation the disturbances of the cell 
membranes connected with the impairment of the inner structure of the cilia were 
encountered. 

Based on our previous findings a classification of the injury to the airways' epithelium was 
proposed (K 0 n r ado v a 1991). The degree of the damage of this epithelium was classified 
as mild, moderate or severe. The differences were found not only in the degree of 
pathological alteration of the cells forming the epithelium, but also in the degree of the 
impairment of the vital self-cleaning ability (Tab; 3). 
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Table 3 
Quantitative evaluation of the degree of injury to the tracheal epithelium 

Injury to the tracheal epithelium 

mild moderate severe 

stimulated GC <50% 50-90% >90% 

discharging GC 
ratio >1 0.1-1 <0.1 

degenerated GC 

me~ number of >7 3-7 <3 

cilia/um2 

altered cilia <10% <10% >10% 

signs of impairment 
of self-cleaning 0 + ++ 
ability 

Iopamiro Onmipaque 

stimulated GC 43% 51% 

discharging GC 27% 22% 
--=1.7 -- =0.8 

degenerated GC 16% 29% 

mean number of 7.5 5.4 

cilia/um2 

altered cilia 11.7% 5.8% 

signs of impairment 
of self-cleaning + + 
ability 

GC = goblet cells 

According to this classification the damage of the tracheal epithelium due to the iopamidol 
administration was estimated as mild (Tab. 3). The stimulated goblet cells amounted to less 
than 50% of all secretory elements in the epithelium, the completely exhausted, degenerated 
goblet cells represented the smallest group of the secretory elements in the epithelium. The 
average number of cilialJ.lm2 was higher than 7. The altered cilia represented slightly more 
than 10% of all remaining kinocilia, but the proportion of pathological and degenerating 
cilia, which most precisely reflected the immediate reaction of the ciliated cells to the 
treatment with foreign agents, amounted only to 9.5%. Due to the iopamidol administration 
morphological signs of local mucus-flow impairment were recorded in the airways. We 
demonstrated, that the morphological signs of the impairment of the self-cleaning ability did 



154 

not usually appear in the slightly damaged epithelium (K 0 n r ado v a 1991). We therefore 
arrived at the conclusion that iopamido1 probably also displayed a rather pronounced 
ciliostatic effect. 

The injury to the tracheal epithelium caused by the treatment with iohexol could be 
classified as moderately severe (Tab. 3). The percentage of the stimulated goblet cells 
was higher than 50%, the exhausted goblet cells were more numerous than the 
mucus-discharging ones. The average number of cilialf..lm2 was less than 7. The altered 
ciliary elements did not amount to the 10% level. According to our expectation the signs 
of the impairment of the self-cleaning ability were encountered in this injured 
epithelium. . 

Ultrastruktura epitelu trachey kr81ikii (Oryctolagus cuniculus vaT. edulis) po 
intratrachealni aplikaci dvou jodovanych kontrastnich latek 

Po intratrachealni aplikaci dvou jodovanych kontrastnich latek - iopamidolu (Iopamiro) 
a iohexolu (Omnipaque) - uzivanych v klinicke praxi pro tracheobronchografii byla 
studovana ultrastruktura epitelu trachey kralikii. Po~kozeni epitelu bylo hodnoceno jako 
lehke po podaru iopamidolu a stfedne tezke po aplikaci iohexolu. U obou experimentainich 
skupin byly nalezeny v oblasti po§kozeneho fasinkoveho lemu cetne bakterie a shluky nebo 
vrstvy zahu~teneho hlenu jako morfologicke znamky naru~eni samoeistici schopnosti 
epitelu. V dychacich cesmch se vyskytovaly nerovnomeme rozmistene partikule 
kontrastnich latek. V mistech jejich nejvetsi akumulace doslo k poruseni bunecnych 
membran a k poskozeni vnitfni struktury fasinek. 
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Plate V. 
Konradova V. et. al.: Ultrastructure ... pp. 147-155 

Fig I. Small cytoplasmic protrusion on the apical portion of the ciliated cell. Rabbit - tracheal epithelium - 5 min. 
after intratracheal administration of iopamidol- x 50,000 
Fig. 2. Small secondary Iysosomes in the cytoplasm of the ciliated cell. Rabbit - tracheal epithelium - 5 min. after 
intratracheal administration of iopamidol- x 37,500 
Fig 3. Intracytoplasmic ciliary vacuole in the cytoplasm of the ciliated cell. Rabbit - tracheal epithelium - 5 min. 
after intratracheal administration of iopamidol- x 37,500 
Fig. 4. Numerous bacteria in the slightly altered ciliary border. Needle-shaped electron-dense particles of iopami­
dol are attached to the limiting membranes of kinocilia and bacteria. 
Rabbit - tracheal epithelium - 5 min. after intratracheal administration of iopamidol - x 50,000 
Fig. 5. Area of the altered ciliary border with high accumulation of the iopamidol particles. Rabbit - tracheal epit­
helium - 5 min. after intratracheal adminsitration of iopamidol- x 62,500 



Plate VI. 

'10 

Fig, 6, Numerous larger vacuoles in the cytoplasm of altered ciliated cell, Rabbit - tracheal epithelium - 5 min. 
after intratracheal administration of iohexol- x 37.500 
Fig. 7, Voluminous vacuole with remnants of partly hydrolysed electron-dense material in the cytoplasm of alte­
red ciliated cell. Rabbit - tracheal epithelium - 5 min. after intratracheal administration of iohexol- x 25,000 
Fig. 8. Rim of the degenerated cytoplasm of the exhausted goblet cell lining the cavity left after rapid mucus eva­
cuation. Rabbit - tracheal epithelium - 5 min. after intratracheal administration of iohexol- x 37,500 
Fig. 9. Layer of condensed secretion embedding free cilia, Rabbit - tracheal epithelium - 5 min. after intratracheal 
administration of iohexol- x 50,000 
Fig. 10. Iohexol particles in the area of the altered ciliary border. Rabbit - tracheal epithelium - 5 min. after intra­
tracheal administration of iohexol - x 50,000 




