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Abstract 

Konradova V., J. Uhlfk, L. Vajner, J. Zocova,: Reaction of the Goblet Cells to the 
Cholinergic Stimulation. Acta vet. Bmo 1996,65: 175-180. 

The reaction of goblet cells in the rabbit tracheal epithelium caused by the intravenous 
administration of 0.1 mg and 0.5 mg of acetylcholine, respectively, was studied. Due to the 
cholinergic stimulation the goblet cells were overstimulated, the mechanism of their secretion was 
accelerated and after rapid evacuation of their secretion the secretory elements mostly degenerated. 
Due to the administration of both doses of acetylcholine more than 90% of goblet cells were 
stimulated to discharge their mucus. After administration of 0.1 mg of acetylcholine the reaction was 
more prolongated, but the peak values of the degenerated goblet cells did not differ significantly 
after administration of both doses of acetylcholine. Twenty min after administration of 0.5 mg of 
acetylcholine the signs of massive differentiation of new secretory elements were encountered. 

Tracheal goblet celis, ultrastructure, acetylcholine, rabbit 

The airways' epithelium with its vital self-cleaning ability plays an important role in the 
pathogenesis of severe respiratory diseases known in human and veterinary pathology. At fIrst 
a group of inborn defects of the ciliary apparatus was studied in detail. The "immotile cilia 
syndrome", described in humans by A fze 1 ius (1976), was later discovered also in different 
animal species (Bryan 1983; Edwards et al. 1989; Roperto et al. 1993; Wilsman 
et al. 1987, U h Ii k et al. 1995). Recently importance of the secretory activity of the goblet 
cells was recognized and the complicated problem of mucus secretion control in the respiratory 
passages was summarized in detailed study by Ramnarine and Rogers (1994). In 
agreement with other authors (Tokuy am a et al. 1990; Fung et al. 1992) they suggested that 
the cholinergic stimulation signifIcantly contributed to this process. S p e cia n and N e u t r a 
(1980) and later also Phi 11 ips and Wi 1 son (1993) demonstrated rapid evacuation of the 
goblet cells and the change in the mechanism of their secretion due to the acetylcholine 
administration to rats in vivo, or to the slides and explants of the rabbit and rat intestine mucous 
membrane in vitro. After addition of this drug to the incubation medium of the colonic cancer 
cell lines, transient but significant increase in mucus secretion was also demonstrated 
(R 0 u mag n a c and Lab 0 iss e 1987). In these studies the goblet cells secretion was not 
quantifIed. Only T 0 k u yam a and his fellow-workers used a semiquantitative morphometric 
technique at the level of the light microscopy to evaluate the mucus discharge due to 
cholinergic stimulation in the guinea pig airways (T 0 k u yam a et al. 1990). We therefore 
decided to study quantitatively the effect of administration of two different doses of 
acetylcholine on the secretory cycle and mechanism of the goblet cells' secretion. 

Materials and Methods 

In our experiments, IS healthy rabbits (body mass 1,500 - 3,000 g) were used. Three rabbits served as untreated 
controls. The remaining ones were divided in two groups, each consisting of6 animals. and received i.v. 0.1 mg or 
0.5 mg of acetylcholine (Ciba, Niederwangen, Belgium), respectively. The material was always collected from 3 
rabbits 5 min and 20 min after i.v. administration of 0.1 mg and 0.5 mg of the drug. The tiny portions of the tracheal 
mucous membrane were fixed for 90 min in 50/c glutaraldehyde (Merck, Hohenbrunn bei MUnchen. Germany) in 
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0.1 M cacodylate buffer (pH 7.2) and tben postfixed for 60 min in 2% OS04 (JMC, London, United Kingdom) in 
0.1 M cacodylate buffer (pH 7.4), dehydrated in graded series of alcohol and embedded in a Durcupan-Epon mixture 
(F1uka, Buchs, Switzerland). Ultrathin sections were prepared on Ultrotome Nova (LKB, Bromma, Sweden), 
contrasted witb uranyl acetate and lead citrate and examined in JEM 100 C electron microscope (Jeol, Tokyo, Japan). 

Using our metbod, tbe functional state of goblet cells was evaluated quantitatively (Konradova and 
Srajer 1987). The numbers of evaluated goblet cells in controls and after acetylcholine administration are given 
in Table 1. Relative values of the 3 categories of goblet cells were evaluated by the chi-square test of homogeneity 
in frequency tables. To specify categories causing deflections from tbe hypotbesis of homogeneity, adjusted 
standardized deviations were used. 

Table I 

Quantitative evaluation of tbe goblet cells (GC) in tbe tracheal epitbelium of rabbits after administration 
of acetylcholine (absolute values) 

CONTROLS ACETYLCHOLIl\'E 

0.5 mg O.lmg 

5 min 20 min 5 min 20 min 

Rabbits # 1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11 #12 #13 #14 # 15 

Total number of GC 50 69 67 97 85 61 148 99 141 157 185 180 129 179 204 

Non-stimulated GC 48 66 66 5 5 6 104 76 121 42 45 42 12 17 16 

Stimulated GC (total) 2 3 1 92 80 55 44 23 20 115 140 138 117 162 188 

Mucus·discharging GC 2 3 1 15 5 10 24 12 12 33 31 30 11 12 12 

Degenerated GC 0 0 0 77 75 45 20 11 8 82 109 108 106 150 176 

GC arranged in groups 3 2 6 4 6 7 64 55 81 11 10 6 8 11 10 

Results 

In the pseudostratified columnar ciliated epithelium of the control rabbits' tracheae the goblet 
cells were found as isolated elements among the ciliated ones. Only 6±3% of them formed small 
groups (Graph 1). 97 ± I % of goblet cells were distended by large, light mucous granules 
(Graph 2). These cells reached the airways' lumen by means of small apical portions equipped 
by rather numerous tiny microvilli. They did not show any signs of secretion. The mucus -
discharging cells represented 3 ± 1 % (Graph 2). They evacuated mucus gradually from individual 
apical mucous granules. Exhausted secretory elements were not encountered in the epithelium. 

Both 5 min and 20 min afteri.v. administration of 0.1 mg of acetylcholine and 5 min after 
administration of the larger dose of this drug the goblet cells were mostly scattered as 
isolated elements in the epithelium, only 5% to 7% of them being arranged in small groups. 
Due to the administration of 0.5 mg of acetylcholine voluminous groups of secretory 
elements were noticed 20 min post exposure. In the formation of these intraepithelial 
mucous glands, 52±8% of the secretory elements participated (Graph I). 

Due to the acetylcholine administration, a marked increase in number of the stimulated goblet 
cells was recorded. They amounted to 220/0-93% (Graph 3). 7%-12% of them were found in 
the phase of mucus evacuation (Plate I, Fig. 1). Secretion was discharged simultaneously from 
numerous apical mucous granules. The detachment of groups of mucous granules together with 
small amounts of the goblet cells' cytoplasm was also recorded (Fig. 2). In some cells massive 
fusion of the neighboring mucous granules was observed. The apical cell membranes of these 
cells, filled with voluminous masses of mucus, were frequently impaired (Fig. 3). 
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Graph 1: Goblet cells arranged in groups in the tracheal epithelium of rabbits 5 and 20 minutes after i.v. administ
ration of 0.1 mg and 0.5 mg of acetylcholine 
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Graph 2: Goblet cells in the tracheal epithelium of rabbits 5 and 20 minutes after i.v. administration of 0.1 mg and 
0.5 mg of acetylcholine 

The completely exhausted goblet cells showing signs of degeneration represented 
10%-84% of all secretory elements in the epithelium (Graph 4). They were often represented by 
narrow rims of highly condensed cytoplasm lining the cavities left after evacuation of the mucus 
content of the cell (Fig. 4). The degenerated goblet cells were gradually expelled from the epithelium. 
After loosening the contact with the basal lamina, their highly electron dense cytoplasm was 
encountered in the apical portions of the epithelium often bulging above the level of the surrounding 
cells (Fig. 5) and finally their remnants were observed in the area of the ciliary border (plate n., Fig. 
6). In the course of sloughing off the degenerated goblet cells new junctional complexes were created 
between the neighbouring cells. Thus the continuity of the epithelium was not impaired. 

Twenty min after administration of 0.5 mg of acetylcholine, an increase in number of the 
nonstimulated secretory elements was noticed. The proportion of these cells amounted to 
78±8% (Graph 2). They were represented by mucus-filled goblet cells together with those 
filled with s!Dall mucous granules separated by wide cytoplasmic septa (Fig. 7), or elements 
containing in their undifferentiated cytoplasm a few cisternae of the granular endoplasmic 
reticulum, tiny Golgi complex and only isolated, often rather electron-dense secretory 
granules (Fig. 8). In the vicinity of the differentiating goblet cells also elements containing 
neither secretory granules, nor precursors of the basal bodies, within their highly 
undifferentiated cytoplasm were revealed. These cells often showed apical blebbing (Fig. 9). 
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Graph 3: Stimulated goblet cells (GC) in the tracheal epithelium of rabbits 5 and 20 minutes after i. v. administra
tion of 0,1 mg and 0,5 mg of acetylcholine 

% 

100~----------------------------------------~ 

80~------~~----------------~~~~~----~ 

60~----~L-==--~~~------------------------~ 

40~--~~--------------~~~--------------~ 

20~~~------------------------~~~--------~ 
10 

o~-------.-------.-------,,-------.-----~ 
o 5 10 15 

time after administration (min) 

~O, 1 mg eO,5 mg 

20 25 

Graph 4: Degenerated goblet cells in the tracheal epithelium of rabbits 5 and 20 minutes after i.v. administration of 
0.1 mg and 0.5 mg of acetylcholine 

Discussion 

The reaction of goblet cells in the airways' epithelium due to the administration of both 
doses of acetylcholine differed only from the quantitative point of view. 

In agreement with other authors (Specian and Neutra 1980; Phillips and 
Wi Iso n 1993) we demonstrated that the goblet cells were overstimulated and the mechanism 
of their secretion was accelerated. In the controls the release of the small amount of mucus was 
classified as merocrine. As a sign of apocrine secretion, groups of mucous granules were detached 
from the goblet cells after acetylcholine administration. Also a rapid fusion followed by tandem 
fission of the neighboring mucous granule membranes was observed. According to Neutra, 
Schaffer. and Kurosumi. this process precedes the chain exocytosis. This most rapid method of 
mucus discharge was described in the goblet cells situated in the intestine mucous membrane 
after acetylcholine administration (N eu tra and Schaeffer 1977; Kurosumi et al. 1981). 

Due to acetylcholine administration the secretory elemeI!ts in the epithelium lining the 
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rabbits' tracheae were not only overstimulated but also damaged. After rapid evacuation of 
~~heir secretion, they mostly did not take part in the further secretory cycles but they 

degenerated and were gradually expelled from the epithelium. 
In our previous studies we demonstrated that the degeneration of more than half of the goblet 

cells in the epithelium was always followed by a massive differentiation of new secretory 
elements (K 0 nr ado v a 1991, 1995; K 0 n r ad 0 v a et al. 1990). As the differentiating secretory 
cells are still able to divide (B ecci et al. 1978), a hyperplasia of goblet cells and the appearance 
of voluminous intraepithelial mucous glands were usually later encountered. 20 min after 
administration of 0.5 mg of acetylcholine, a significant change in the distribution of the 
secretory elements was recorded together with the appearance of numerous undifferentiated 
elements and different stages of the goblet cells' development. "Small mucous granule cells", 
described by some authors as differentiating secretory elements (B e c ci et al. 1978: W il son 
et al. 1984; Tyler and Plopper 1985), were frequently observed. 

Due to the administration of both doses of acetylcholine more than 90% of goblet cells were 
stimulated to discharge their mucus (Graph 3). After administration 0.1 mg of acetylcholine 
the reaction was more prolongated. A marked increase in the number of non stimulated goblet 
cells, encountered 20 min after administration of 0.5 mg of acetylcholine, reflected the 
accelerated differentiation of new secretory cells. The proportion of the mucus-discharging 
elements increased only in the first phases post exposure. The peak values of the degenerated 
goblet cells did not differ significantly after administration of both doses of acetylcholine 
(Graph 4). Due to the smaller dose, the high level of the goblet cells' injury was reached later. 

Based on our previous studies, a classification of the degree of damage to the goblet cells was 
proposed (K 0 n r ado v a 1991). We took into consideration the proportion of the stimulated cells and 
also the degree of the acceleration of the mechanism of their secretion. The evaluation of secretion was 
based on the ratio of the less damaged mucus discharging and exhausted degenerated cells. According 
to our criteria we classified the injury to the goblet cells as mild (I) to severe (III) (Table 2). 

After administration of both 0.1 mg and 0.5 mg of acetylcholine, the degree of injury to the 
goblet cells was classified as severe, and 0.1 mg of this drug caused higher increase of the goblet 
cells' injury. Due to the administration ofO.5 mg of acetylcholine. the course of the whole reaction 
was faster and 20 min post exposure first signs of goblet cells' repair were observed (Table 2). 

Table 2 

Classification of the degree of injury to the goblet cells in rabbits 5 and 20 minutes after administration 
of 0.1 mg and 0.5 mg of acetylcholine 

Degree of injury Acetylcholine 

GC=goblet cells mild moderate severe 0.1 mg 0.5 mg 
I II III 5 min 20 min 5 min 20 min 

Stimulated GC < 50 'k 50-90 '7c > 90 'k 
75 'k 91 % 93 % 2% 

II III III I 
Discharging GC 

> I 0.1-1 <0.1 
Degenerated GC 

0.32 0.08 0.15 1.20 
II III II-III I 

Reakce poharkovych bunek na cholinergni stimulaci 

Sledovali jsme reakci poharkovych bunek trachealniho epitelu knilikt't, vyvolanou 
intraven6znim podanim 0.1 mg a 0.5 mg acetylcholinu. Poharkove bunky tak byly nadmeme 
stimulovany, mechanismusjejich vyprazdnovani byl urychlen a po urychlenem vydeji sekretu 
sekrecni elementy vetsinou degenerovaly.Po podani obou davek acetylcholinu by\o k vydeji 
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hlenu stimulovano vice nef 90% poharkovych bunek. Po podani 0.1 mg acetylcholinu byla 
tato reakce protrahovana, ale vrcholne hodnoty poetu degenerovanych poharkovych bunek se 
po podani obou davek latky vyznamne neliSily. 20 minut po podani 0.5 mg acetylcholinu byly 
zjisteny znamky masivni diferenciace novych sekreenich elemenru. 
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Description of electronograms 

Plate 1. 

Fig. I : Apical portion of stimulated goblet cells with remnants of membranes of evacuated mucous granules (m). 
TEM, SO,OOOx, S min after administration of 0.1 mg of acetylcholine 

Fig.2: Group of mucous granules detached from a goblet cell. TEM, SO,OOOx, 20 min after administration of 
0.1 mg of acetylcholine 

Fig.3: Apical portion of goblet cell filled with voluminous mucus mass. The apical cell membrane is impaired 
(arrow). TEM, 2S.000x, 20 min after administration of 0.1 mg of acetylcholine 

Fig.4: Rim of degenerated highly electron-dense cytoplasm of the exhausted goblet cell lining the cavity left after 
mucous granules' evacuation. TEM. 37.S00x. S min after administration of O.S mg of acetylcholine 

Fig.S: Portion of the degenerated goblet cell's cytoplasm bulging in the area of the ciliary border. TEM, SO,OOOx, 
S min after administration of O.S mg of acetylcholine 



Plate n. 



Plate II. 

Fig.6: Remnant of highly electron dense cytoplasm of sloughed off exhausted goblet cell. TEM, 50,OOOx, 5 min 
after administration of 0.5 mg of acetylcholine 

Fig.7: Goblet cell filled with small mucous granules (g). TEM, 37,500x, 20 min after administration of 0.5 mg of 
acetylcholine 

Fig.8: Apical portion of the differentiating secretory cell with isolated small moderately dense secretory granules 
(g). TEM, 25,OOOx, 20 min after administration of 0.5 mg of acetylcholine 

Fig.9: Voluminous cytoplasmic protrusion (p) on the apical portion of the undifferentiated cell. TEM, 25,OOOx, 
20 min after administration of 0.5 mg of acetylcholine 
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