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After the discovery of an endothelium derived relax-
ant factor (EDRF} [1], which is obligaie for the dilat-
ing effect of a number of drugs, the question of whether
there is a similar mechanism in the airway mucosa
affecting bronchial tome was raised. Lalely several
authors have reported that removal of the epithelium
alters the response to conmactile as well as relaxant
stimuli in airway smooth muscle in vitro. It has been
shown in a number of different species including man
i2-10].

Involvement of cyclooxygenase products in the ep-
ithelial modulation of bronchial tone has been discussed
[2-4, 9, 11, 12], although there are conflicting reports
about the effect of mdomethacin. Species dillerences as
well as involvement of more than one factor, possibly
both prostaglandins and other melabolites, couid explain
these differences.

While developing an in vitro nerve-muscle prepara-
tion of ferret wrachea [13-15], originaily designed to
study parasympathetic ganglionic Lransmission, we
obscrved that removal of the mucosa over the tracheal
muscle prevented an otherwise profound fading of con-
tractile responses to repeated, phasic cholinergic stimu-
lations. We therefore undenook the present study with
the following aims: firstly, 10 sce if the observed
successive decrease in conlractilc force is due to

accumulation of a factor released from the mucosa;
secondly, to delermine whether prostaglandins or other
cyclooxygenase products are involved in this inhibitory
mechanism. Thirdly, 10 examine if it is possible 1
tmnsfer tshis factor (or factors) between isolated
preparations, which wouid indicate an accumulation not
only in the lissue but also in the surrounding {luid,
Our preparation also made it possible 0 evaluate if
ganglionic transmission was alfected, besides postgan-
glionic structures.

Materials and methods

The siudy was performed in vitro using a nerve-
muscic preparation of ferret trachea. Male ferrets were
rendered unconscious by eleciric shocks and killed by
exsanguination. The trachea, with intact right recurrent
and vagus nerves, was rapidly removed and immersed
in an organ bath filled with 200 m! Krebs Ringer
solution (KR) of the following composition (in mM);
NaCl 118, KCi 5.9, CaCl, 2.5, MgSO, 1.2, NaH PO,
25.5 and gilucose 5.6, mainmained at 38°C and gasscd
with 94% O, to 6% CO,. Ascorbic acid was added w0
the KR in a concentration of 0.3 mM as an antioxidant
10 prevent the formation of oxygen free radicals. The
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Discussion

We have demonstraled in this study a marked
successive decay of repealed contractions induced by
nerve stimufation in tracheal preparations with intact
mucosa. This decay can be reversed by selectively
removing the mucosa over the tracheal muscle. The
successive decay indicates accumulation of (an) inhib-
itory factor(s). The factor can be transferred wia the
surrounding fluid medium.

The inhibitory cffect can be blocked to a major par,
but not totally abolished, by indomcthacin (10 pM),
indicating involvement of prosiaglandins or other
cyclooxygenase products. Release of PGE, has been
demonstrated from the rabbit bronchial cpitﬁclium and
from cultured caninc epithelial cells as well as from the
pig nasal mucosa [9, 16, 17]. Tt is well known that
prosiaglandins of the E-scries have bronchodilator
properties in animals and man [18, 19]). It has also
been shown thal exogenous arachidonic acid causcs
relaxaion of guinea-pig Lrachea isolated with intact
epithelium, whercas in epithelivm denuded preparations
or indomethacin treated preparations, this relaxation was
converted to contraction [11, 12]. Thus, it is obvious
that airway epithelium can release relaxant
prostaglandins and our data show that prostaglandins
participate in the mucosa dependent inhibition of
smooth muscle contractions in ferret rachea. However,
we found a small but significani mucoss dependent
inhibition even in the presence of indomethacin. This
might be due to an incomplete inhibition of cyclooxy-
genase activity. Altematively, it could be explained by
additional relcase of a cyclooxygenase independent fac-
tor. Partial blocking cffects of epithelium derived relaxa-
tion by cyclooxygenase inhibition has also previously
been reported [3, 4], In bovine wrachea no effect at all
of indomethacin was found on cpithelial modulation of
smooth muscle contraction [2]. Thus, it scems likely
that the mucosa derived inhibition in Fferret rachea is
mediated to a major part through release of prosta-
glandins and to a minor part through release of
cyclooxygenase independent factors.

The wansfer experiments show that inhibitory factors
are rcleased and accumulaled not only within the
tissue but in the surrounding fluid as well. An unex-
pected finding was that the second transfer of bath fluid
(T2} causcd a much more pronounced effect. This might
be due to a ime dependent increased sensitivity in the
recipient preparation or to increasing relcase of inhib-
ttory factor(s) from the donor preparation.

The fairly marked inhibitory cffect of T2 was com-
plciely blocked by indomcthacin wreatment of the
donor preparation. This indicates that (he factor(s) trans-
ferred via the bath Ruid is a cyclooxygenase product
We could not demonstrate transfer of any cyclooxyge-
nasc independent factor, possibly due to low bath
concentration or to chemical insiability.

Cholinergic contractions induced by postganglionic
(EFS) and preganglionic (DNS) nerve stimulation were
inhibilced to a similar degree. Thus, the inhibition
occurs at a posiganglionic site, although we cannot

exciude a small ganglionic effect at low frequencies, as
we compared pre- and postganglionic activation only at
12 Hz. We have not yel clarified whether the inhibi-
tion is a direct effect on the smooth muscle or if it
affects the transmission ai the neuro muscular junclion,
The latter possibility is supporied by earlicr studies
showing the ability of prostaglandins to modulate trans-
mission at the cholinergic neuro muscular junclions
[20-22].

In our preparations we only removed the mucosa over
the tracheal muscle. This lechnique was more effective
and reproducible than rubbing off the epithelium from
the whole circumfcrence (own unpublished observations
from an ir vitro ring preparation of ferret trachea). The
pronounced effcct of this limited mucosal removal
indicates that this part of the mucosa might be more
important for modulating smooth muscle contractions
than the mucosa covering the carlilage. A possible
explanation is that the close rclationship between the
muscle and mucosa is necessary for the release
or activity of the relaxant or inhibitory factors. Differ-
ences in biochemical activities or neuaral or vascylar
supply might also be important,

In this work we studied Lhe ellccls of removal of the
epithelium and a major part of the subepithelial tissue
covering the lracheal muscie. This means that several
possible cellular sources have o be considered as re-
sponsible for the relcase, such as cpithelial cells, inflam-
matory cells or neural structures within the mucosa.

It has carlicr been hypothesized that, in rat irachea,
the epitheliom dependent modulation of muscle tone is
under neural, maybe peptidergic, control [23]. Our
results may also indicate an interaction between the
airway mucosa and the airway nervous sysiem. Further
studies are required to clarify the mechanisms of release
and acuion of this inhibitory factor.

We conclude that ferret trachea in vitro can release
(a2) mucosa derived factor(s) which inhibits the contrac-
tile responscs to cholinergic nerve stimulation. The
relcase and accumulation of this factor can be activated
by electrical field suimulation and the rclease can be
blocked by indomethacin, indicating involvemeni of
prosiaglandins. Finally this factor can be ransferred via
the surrounding fuid medium.
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