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SUMMARY

Prostaglandins and histamine released during inflammatory and allergic reactions can affect
the mucociliary system in different ways. By studying the effect of these mediators on ciliary
beat frequency (CBF) with a photo-electrical technique in airway explants from different
species, i.e. guinea-pig trachea, rabbit maxillary sinus, and human adenoid, the mechanisms
underlying the effects of prostaglandin and histamine were further elucidated. Prostaglandin
E; (PGE,) produced a modest increase in CBF in preparations from guinea-pig trachea. The
maximum response was 12.913.4% for the dose of 0.1 ug/ml, corresponding with 0.28 puM.
Prostaglandin E; produced a dose-dependent increase in explants from rabbit maxillary sinus,
the maximum effect was 35.9+14.1% at a dose of 1.0 ug/ml. PGE; produced a lesser increase
in CBF in explants from human adenoids. A maximum increase of 4.1+1.6% was observed at
a dose of 0.1 mg/ml. Histamine produced a moderate increase in CBF in explants from human
adenoid at concentrations of 0.01-0.1 mM, corresponding with 1.84-18.4 ug/mi. In contrast,
histamine did not significantly alter CBF in explants from the rabbit maxillary sinus or
guinea-pig trachea. These results indicate that there are interspecies differences in the respon-
siveness to prostaglandins, and that PGE, seems to have more powerful effects on CBF in the
upper than in the lower airways. The weak effects of histamine on CBF in vitro as compared
to the relatively strong in vivo effects on mucociliary activity might be due to that histamine
lacks direct effects on the ciliated epithelium, but rather exerts an indirect effect via other
mediators or is dependent on neurogenic mechanisms which is demonstrable only in intact
animals.
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INTRODUCTION

The influence of pharmaceuticals on ciliary activity has been
the subject for extensive research, and present knowledge
originates mainly from investigations performed on explants
from the lower airways (Wanner, 1983), whereas the ciliated
epithelium in the upper airways has not been extensively
studied in this respect. During inflammatory and allergic reac-
tions in the airways there is a release of mediators, such as
prostaglandins and histamine (Okazaki et al., 1977; Naclerio et
al., 1983; Shaw et al., 1985), which could affect the function of
the mucociliary system. During such reactions, a stimulation of
ciliary activity seems beneficial since an increased load on the
mucociliary system can be expected, due to the increased
production of mucus. Prostaglandins stimulate ciliary beat fre-
quency (CBF) in explants from the lower airways in different
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species (Iravani and Melville, 1975; Melville et al., 1980;
Wanner et al., 1983, 1986). In contrast, histamine failed to affect
ciliary activity in previous in vitro studies (Ballenger, 1949;
Scudi, 1951) or produced at relatively high concentrations
(10°-10° M) only a modest stimulation of CBF in isolated
tracheal cells from ewes (Wanner et al., 1983). Prostaglandin E,
stimulates mucociliary activity in the rabbit maxillary sinus in
vivo, an effect which is partially mediated through capsaicin-sen-
sitive sensory C-fibres (Dolata et al., 1989a). Histamine produ-
ces a more intense stimulation of mucociliary activity, and this
effect involves both capsaicin-sensitive sensory C-fibres and re-
lease of the neuropeptide substance P (Dolata et al., 1989b; 1990).
Althaiigh the ciliated epithelia in the lower and upper airways
display no major morphological differences, the responsiveness
to inflammatory mediators might differ since prostaglandins



Inflammation and cilia

broduce a more powerful stimulation of ciliary activity in the
lower airways than in the upper airways (Melville et al., 1980;
Dolata et al., 1989a), whereas histamine shows an opposite
Potency (Wanner et al., 1983; Dolata et al., 1990). The aim of the
DPresent study was therefore to elucidate the mechanisms under-
lying the effects of prostaglandin and histamine on mucociliary
activity, and to investigate if mediators known to stimulate CBF
in the lower airways have the same effect on explants from the
upper airways. This was done by studying the effect of these
mediators on CBF with a photo-electrical technique in airway
explants from different species including man.

MATERIAL AND METHODS

Human adenoids were obtained from children (aged between
3 and 8 years) undergoing adenoidectomy at the ENT Depart-
ment of the University Hospital in Lund, Sweden. After re-
moval, the tissues were placed in Krebs’ solution and trans-
borted to the laboratory where they were thoroughly washed
With aerated (95% O, and 5% CO,) Krebs’ solution. Small areas
(about 0.5 mm’) of ciliated epithelium were dissected under the
microscope and transferred to a microscopic coverslip in 30 ul
HEPES buffer. The coverslip was then placed upside down on a
glass slide, 2 mm thick with a 1.2-mm deep cavity in the centre,
8iving a preparation hanging freely in a drop of Krebs’ solution.
To obtain guinea-pig and rabbit preparations the animals were
killeg by a blow on the head. The trachea was removed imme-
diately and placed in aerated Krebs’ solution. Connective tissue
Was carefully removed and the trachea was cut into small rings
of about 0.5-0.8 mm in width. Adhering mucus was washed off
With Krebs® solution. The tracheal preparation in a drop of
HEPES buffer was transferred to a coverslip as described above.
Rabbit maxillary epithelium was obtained by cutting through
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the bone, and prepared in a similar way to that for human
adenoids. The hanging drop preparation was placed on a micro-
scope stage maintained at room temperature (22-23°C; see
Figure 1). The beating cilia were viewed at a magnification of
x400 in a Nikon-Optiphoto CF (chromatic aberration-free)
microscope. The cilia were oriented in such a way to interrupt
the passage of light through a slit-diaphragm (0.2 mm) into the
photometer (Nikon photometer P1), which transduced the light
energy into an electrical signal. The electrical signal generated
was converted into a reading of ciliary beat frequency (CBF) dis-
played on the screen of a Nicolet 3091 oscilloscope. The signals
displayed on the oscilloscope were also recorded on paper by
means of an X-Y BD 90 recorder. The preparation was kept
under the microscope for at least 15 min before the start of the
experiments. CBF in each preparation was recorded from six
different sites and a mean frequency was calculated. The results
were expressed as meanstSEM. Statistical evaluations were
performed by means of the Student’s t-test for paired observa-
tions.

Solutions

Krebs’ solution had the following composition: 120 mM NaCl,
4.0 mM KCl, 20 mM NaHCO;, 1.5 mM NaH,PO,, 1.5 mM
MgS0O,, 20 mM sodium acetate, 1.5 mM CaCl,, 10 mM glucose
(pH 7.4). HEPES buffer had the following composition: 135
mM Na(Cl, 4.6 mM KCl, 1.2 mM MgSO,, 1.5 mM CaCl,, 11 mM
glucose, 10 mM HEPES. The pH was adjusted to 7.4 with
tris(hydroxymethyl)aminomethane and aerated with 100% O,.
The following mediators were used: PGE, (Prostivas; Upjohn,
USA) and histamine dihydrochloride (Sigma, USA). Prostivas is
a solution of PGE, in ethanol at a concentration of 0.5 mg/ml.
Immediately before the experiments a small volume of the
stock solution was diluted in Krebs’ solution and the effect on
CBF was compared with controls containing Krebs’ solution
only. Histamine was diluted in Krebs’ solution at the appropri-
ate concentrations. Doses are expressed as concentrations of
the respective salts. CBF was measured 2 min after the admini-
stration of the mediators.

RESULTS
Prostaglandin E, produced a modest increase in CBF in guinea-

pig trachea, which was significant for doses of 0.01 pg/ml and

above. The maximum response was 12.9+3.4% at a dose of 0.1
ug/ml, corresponding to 0.28 uM. Figure 2 shows the log-dose
response curve for PGE; on CBF in preparations from guinea-
pig trachea. However, the dose-response curve was shaped like
an inverted U, and the highest dose tested (20.0 pg/ml) produ-
ced a significant decrease in CBF (-23.6+4.6%).

In human adenoids, PGE; produced a lesser increase in CBF
than in explants from guinea pig trachea. After exposure to this
compound there was only a slight increase (4.1£1.6%) which
was significant only at a dose of 0.1 pg/ml.

In explants from rabbit maxillary sinus, PGE, produced a rather
strong, dose-dependent increase in CBF, significant for the
doses 0.1 and 1.0 pg/ml (0.28 and 2.8 uM, respectively). The
maximum increase was 35.9+14.1% for the dose of 1.0 pg/ml.
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Figure 2. The log-dose response of various doses of prostaglandin E,
on CBF in guinea-pig tracheal rings. The results are expressed as
means+SEM (n=9-14 for the various concentrations). The initial CBF
prior to challenges was 10.12+0.16 Hz. Note that the effect of the
highest concentration investigated (20.0 pg/ml) is omitted for the sake
of clarity (20.0 pg/ml produced a decrease of -23.6 +4.6% instead of an
increase in CBF; n=10). **: p <0.01; ***: p <0.001.
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Figure 3. The log-dose response of various doses of prostaglandin E;
on CBF in rabbit maxillary sinus. The results are expressed as
means+SEM (n=9 for the various concentrations). The initial CBF
prior to challenges was 11.62+0.83 Hz. **: p <0.01.

Figure 3 shows the log-dose response curve for PGE, on CBF in
preparations from rabbit maxillary sinus.

Histamine produced a slight increase in CBF in explants from
human adenoid at concentrations of 0.01-0.1 mM, correspon-
ding to 1.84-18.4 ug/ml. The maximum increase was 8.6+2.5%
at the dose of 0.01 mM. In contrast, histamine did not signifi-
cantly alter the CBF in explants from the rabbit maxillary sinus,
nor did histamine in the doses of 0.01, 0.1, and 1.0 mM affect
the CBF in explants from guinea pig trachea (Figure 4).

DISCUSSION
In the present study PGE, produced a mild stimulation of CBF
in the trachea of guinea pigs in the dose range 0.01-1.0 ug/ml,
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Figure 4. The effect of various doses of histamine on CBF in speci-
mens from the rabbit maxillary sinus, human adenoids, and guinea-pig
trachea. The results are expressed as meanstSEM (n=8-15 for the
various concentrations). The baseline CBF were 12.29+0.49 Hz (maxil-
lary sinus), 10.58+0.38 Hz (adenoids), and 10.0+0.3 Hz (guinea-pig
trachea). *: p <0.05.

corresponding to 2.8x108-2.8x10° M). In explants from sheep
trachea PGE, and PGE, produced a more powerful stimulation
of CBF in the same dose range (Wanner et al., 1983; 1986).
However, in the latter experiments PGE, stimulated CBF also
in lower doses (10°-107 M; Wanner et al., 1986), whereas no
effects were observed in our study. Furthermore, PGE; was
more potent in stimulating CBF in the trachea of sheep as com-
pared to that in guinea pigs, which indicates that there is a
different sensitivity to prostaglandins between species. In the
present study PGE had a rather strong stimulating effect on
CBF in explants from rabbit maxillary sinus. In contrast, PGE,
had only a slightly stimulatory effect on human adenoid, which
further stresses that a variation in the responsiveness to pro-
staglandins between species exists, although these latter results
can also be due to the fact that explants from the upper airways
were used instead of specimen from trachea. Thus, it seems that
prostaglandins, besides stimulating mucociliary activity in vivo
partly by means of capsaicin-sensitive C-fibres (Dolata et al.,
1989b), also have direct effects on the ciliated epithelium itself.
Changes in the mechanical activity of cilia can be due to
changes in the periciliary layer or the rheological properties of
the covering mucus layer. The periciliary layer is probably the
result of active ion transport through the epithelial membrane.
Prostaglandin E; stimulates the flux of CI” ions to the luminal
side, thus changing the osmotic forces over the epithelium, and
also the passive movement of water. This is a possible mecha-
nism for the observed effects of prostaglandins on CBF.
Prostaglandin E, is also a well-known stimulator of mucus pro-
duction (Iravani and Melville, 1975; Richardson et al., 1978).
The results of radiolabeled mucin precursors indicate that, in
the trachea, prostaglandins mainly release glycoprotein from
submucosal glands. However, due to the preparation technique
only a limited release of glycoproteins from submucosal glands
can be expected in the explants used in the present study,
making this mechanism as an explanation for the prostaglandin
effect less probable. PGE; has been found to have a rather
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strong excitatory effect on CBF in the lower airways, i.e. PGE,
caused a maximum stimulation of about 40% in the tracheal-
bronchial tree from bronchitic rats (Melville at al., 1980), and a
maximum stimulation of 26% in preparations from the trachea
of ewes (Wanner et al., 1983). In the present investigation the
stimulation of CBF in explants from the upper airways was
more modest, at least with regard to the effect on human
adenoids (maximum response being 4.1+1.6%), while the effect
00 rabbit maxillary sinus was more powerful (maximum
IeSponse being 35.9+14.1%).

In several in vitro investigations no effect of histamine on muco-
ciliary function has been demonstrated (Ballenger, 1949; Scudi
1951), which is in accordance with the results obtained in the
bresent study where histamine had no significant effect on CBF,
Neither in explants from the rabbit maxillary sinus nor in
eXplants from guinea-pig trachea. In contrast, a small but signif-
icant increase in CBF was produced by histamine in explants
from human adenoids at concentrations of 0.01-0.1 mM, corre-
Sbonding to 1.84-18.4 ug/ml. Barlier experiments have shown
that inhalation of histamine aerosol increases tracheal mucous
transport rate in dogs (Wanner et al., 1975). Moreover, in the
rabbit maxillary sinus histamine produces a powerful in vivo
dOSe-dependent stimulation of mucociliary activity via H;-
Teceptors, the effect being mediated through capsaicin-sensitive
C-fibres and involving the release of substance P (Dolata et al.,
1990). An opposite finding, a depression of ciliary function, was
eported by Van de Donk et al. (1982) who found ciliostasis
after topical application of anti-histamines in chicken trachea
embryos,

A possible explanation for the discrepancy between histamine’s
Strong effects in vivo and its weak effects in vitro might be that
histamine lacks direct effects on the ciliated epithelium, but
Tather exerts an indirect effect via other mediators or may be
dependent on neurogenic mechanisms, which is demonstrable
only in intact animals.

Histamine can affect ion fluxes through the respiratory epitheli-
Um. Marin et al. (1977) found that histamine stimulates the
fluxes of both Na* and CI” ions to the luminal side of the ciliat-
ed epithelium, but in the case of histamine this mechanism
does not seem to affect CBF.

With respect to their effect on the respiratory epithelium there
are rather great differences between the various inflammatory
Mmediators. This is well known from the clinical situation since,
for €Xample, anti-histamines reveal some of the effects caused
b_y allergic reactions in the upper airways (such as allergic rhini-
Us), but do not seem to be of therapeutical value in the treat-
ment of allergic reactions in the lower airways, such as allergic
asthma. This indicates that, although on a morphological basis
tllle Tespiratory epithelia in the upper and lower airways display
Similarities, the effects of different inflammatory mediators on
these epithelia seem to show rather great differences.
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