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Abstract
In the airways, a new noncholinergic - nonadrenergic nervous system and new class of mol-
ecules, the neuropeptides, has recently been described. Irritants as dust, chemicals and
other substances stimulate these sensory nerves to release substance P (SP) and SP-like
neuropeptides (neurokinin A). SP and neurokinin A are neuropeptides that belong to the
family of tachykinins which are localized in the C-fiber endings in the airways of several
species including humans and guinea pigs. These tachykinins have the remarkable ability
to affect multiple cell systems in the lung airways (smooth muscle, glands, blood vessels)
and to produce smooth muscle contraction, mucus secretion and plasma extravasation. This
effect is termed "neurogenic inflammation". On the surfaces of all lung cells that contain
receptors for SP-like neuropeptides exist an enzyme named neutral endopeptidase (NEP),
also called enkephalina-se (EC 3.4.24.11). NEP inactivates the neuropeptides and by that
action limits the concentration of the neuropeptides that reaches the receptors on the
smooth muscles, glands and surfaces of other cell systems. The purpose of this article is to
present evidence concerning neurogenic inflammation and to consider our studies in pro-
posing the mecha-nism(s) involoving these nerves that may play important roles in lung
diseases. Summarizing results obtained in our studies, the following conclusive remarks
could be drawn: a) SP and SP-like tachykinins have potent effects on airway smooth mus-
cle, gland secretion and blood vessels, b) electrical stimulation of the nerves to airway
smooth muscles or chemical stimulation with capsaicin causes noncholinergic - nonadren-
ergic contraction of airways, effects that are abolished by a tachykinin antagonist, c) air-
way epithelium modulates the tissue responses to endogenous tachykinins released by elec-
trical field stimulation or capsaicin suggesting that the relaxing factor (NEP, prostaglandine
E2) in epithelium is important in modulation of tachykinin-induced neurogenic inflamma-
tion.
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INTRODUCTION
Involvement of airway epithelium in the pathogenesis of

lung diseases is suggested by the finding of abnormal epithe-
lium in the airways of patients with asthma bronchiale, and
some patients with chronic bronchitis and bronchial hyper-
reactivity (Bigbi and Nadel, 1987., Barne,1991, Barnes
2003): A second cell system, the sensory nerve exists near
the air-liquid interface of the airways. In addition to the sym-
pathetic and parasympathetic nervous systems, a new nona-
drenergic, noncholinergic nervous system has recently been
described. A new class of molecules, the neuropeptides, has
be¬en discovered. It is believed that these peptides play an

important role in neurotransmission or in neuromodulation.
On the other hand, it is believed that these peptides could be
involved in inflammation cold "neurogenic inflammation".

In experimental animals using the respiratory system,
skin and eye, it has been demonstrated that: a) tachykinins
are widely distributed in primary sensory neurons and in
afferent sensory fibers in the vagus, b) during antidromic
stimulation the tachykinins are released from the sensory
fibers, c) local inoculation of substance P (SP) mimics the
effect of stimulation of sensory fibers, and d) smooth mus-
cle contraction, hyperemia and increased vascular perme-
ability, induced by nerve stimulation or noxious stimuli, are
absent if the tissues were previously treated with capsaicin
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or with tachykinin-antagonists. These results suggest that
SP-containing nerve fibers are involved in the local regula-
tion of the smooth muscle tone, blood flow and vascular per-
meability, pathophysiological features of  neurogenic
inflammation.

The aim of this study
To the present time, the exact roles of neurogenic inflam-

mation in lung disease remain to be elucidated. It is likely
that multiple cells and multiple mediators are involved in
inflammation and that they interact. Because of the multiple
cell system stimulated by neuropeptides exemplified by sub-
stance P and the wide array of stimuli that could activate the
sensory nerves to release these mediators, this system may
play important roles in the pathogenesis of lung diseases.
The aim of this paper is to present evidence concerning neu-
rogenic inflammation and to consider our studies in propos-
ing the mechanisms involving these nerves that may play
important roles in lung disease.

The role of neuropeptides (tachykinins) ín neurogenic inflammation
Experimental studies in animals have shown that some

afferent sensory fibers are non-myelinated, and these are
designated C-fibers in distinction to the other more rapidly
conducting afferent fibers, which are myelinated. C-fibers
are stimulated by capsaicin (the hot extract of pepper).
Unmyelinated C-fibers in airways may contain sensory neu-
ropeptides, such as substance P. Neuropeptide-containing
nerves have been found in the airways of several species,
including humans (Lundberg et al., 1984a). These nerves are
present in the epithelium, smooth muscle and close to blood
vessels and glands (Nilsson et al., 1977). The tachykinins are
a group of neuropeptides that share the C-terminal sequence
Phe-X-Gly-Leu-Met-NH2  (Table 1).

Present evidence suggests that tachykinins, substance P
in particular, are involved in sensory neurotransmission. In
sensory neurons, substance P is usually accompanied by a
second tachykinin, neurokinin A (NKA). This is obtained by
the fact that of the three known substance P precursors,
alpha-, beta-, and gamma-preprotachykinin A (PPT-A), beta-
and gama-PPT-A contain NKA in addition to substance P
(Nawa et al., 1983; Kawaguchi,Y.,et al., 1986). The airways
has a moderate supply of SP/NKA-containing nerve fibers.
The SP-containing nerves surround smooth muscle, gland
and blood vessels and can be seen beneath or even within the
surface of epithelium (Lundberg et al., 1984). Stimulation of
the sensory nerves results in the release of substance P and
the reproduction of the various effects of exogenous sub-
stance P. These effects are prevented when the lungs are
depleted of substance P by capsaicin.

Of the neuropeptides-tachykinins present in the airways,
the best studied is substance P. Since its discovery (von
Euler and Gaddum, 1931), many studies have demonstrated

effects of substance P in various organs, including lungs
(Pemow,1983). Substance P has potent effects on airway
smooth muscle: it contracts airway smooth muscle directly
(Lundberg et al., 1983b; Sekizawa et al., 1987b), and it has

po¬tentiating effects on the vagai motor
pathways (Tanaka and Grunstein, 1984;
Sekizawa et al., 1987b). In the guinea pig,
the substance P-containing nerves are found
in the vagus (Lundberg et al., 1983a).
Release of substance P from afferent termi-
nals and collaterals in the airway may occur

as part of axon reflex (see Fig. 1). There is substantial evi-
dence that neuropeptide-containing nerves modulate smooth
muscle contraction. Thus, electrical stimulation of the
nerves to airway smooth muscle (Fig. 2) or chemical stimu-
lati¬on with capsaicin (Fig. 3) causes nonadrenergic, non-
cholinergic contraction of airway smooth muscle in guinea
pigs (Djokic et al. ,1989), effects that are abolished by a
tachykinin antagonist (Lundberg et al., 1983c).

Substance P is synthesized in the cell bodies of the sen-
sory ganglia and is transported down to the periphery of the
vagus nerve (Brimijoin et al., 1980). Stimulation of sensory
nerves in the spinal cord by capsaicin releases substance P
(Gamse et al., 1979, 1980). In the airways, capsaicin stimu-
lates bronchoconstriction and increases vascular permeabil-
ity, effects that are abolished by substance P antagonists
(Lundberg et al., 1983c, 1984b, Djokic et al., 1988).
Furthermore, pretreatment with capsaicin causes disappear-
ance of tachykinin-containing nerves in the airways (Jancso
et al., 1977; Lundberg and Saria, 1983), these studies
strongly suggest that the action of capsaicin on the airways

Table 1. Chemical structure of tachykinins
Substance P Arg-Pro-Ly8-Pro-Gln-Gln-Phe-Phe-Gly-Leu-Met-NH2
Neurokinin A Asp-Met-His-Asp-Phe-Phe-Val-Gly-Leu-Met-NH2
Neurokinin Â His-Lys-Thr-Asp-Ser-Phe-Val-Gly-Leu-Met-NH2

Fig. 1. Diagrammatic model hypothesized for mechanisms
of neutral endopeptidase modulation of  airway smooth muscle
tonus, gland secretion and  blood vessels permeability  to sub-

stance P (SP) and other tachykinins released from sensory
nerves by axon reflex. In airways, many of the release sites of

neuropeptides from the sensory nerves in the epithelium in
close contact with  basal cells which contain the enzyme neu-
tral endopeptidase on their surfaces. When the nerves release
substance P, cleavage and inactivation  of the SP reduced the

concentration of the peptides near sites of release. The remain-
ing SP diffuses toward target cells (in the example, smooth

muscles, glands and  blood vessels). Neutral endopeptidase on
the surface of  the airway further reduces the concentration of
SP and other neuropeptides in close contact with the receptors

of the surface of the effector cell.
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is most likely via the release of substance P or other
tachykinins from sensory nerves. Noncholinergic, nonadren-
ergic responses to electrical field stimulation are therefore
likely to be doe to the release of endogenous neuropeptides.
This conclusion was based on the findings that these
responses were abolished by a tachykinin receptor antago-
nist (Lundberg et al., 1983).

Neutral endopeptidase modulates neurogenic
inflammation

When neuropeptides are released from the nerve end-
ings, their role in regulating smooth muscle contraction
depends on how many molecules are able to reach the target
cell receptors. At sites of release (e.g., sensory nerves) and
at sites of action on target cells (e.g., efferent nerves, smooth
muscle, glands) peptidases such as neutral endopeptidase
(NEP) could degrade neuropeptides to inactive forms. The
action of NEP and other peptidases are not highly specific
because, for example, purified NEP hydrolyses many differ-
ent peptides, including enkephalins (Malfroy et al., 1978),
tachykinins (Almenoff and Orlowski, 1983; Gafford et al.,
1983; Matsas et al., 1984, Stephenson and Kenny, 1987),
bradykinin (Matsas et al., 1984) neurotensin (Matsas et al.,
1984; Djokic et al., 1989) and cholecystokinin (Turner et al.,
1985). Thus, much of the specificity and degree of action is
determined by the selectivity of the peptide released and by
the location of the peptidases. Airway smooth muscle
responses to substance P, neurokinin A and neurokinin Â
(Sekizawa et al., 1987a) as well as neurotensin (Djokic et al.,
1989) are all modulated by endogenous NEP. Furthermore,
because cholinergic neurotransmission is potentiated by
NEP inhibitors (Sekizawa et al., 1987a), NEP is also impor-
tant in modulating the effects of tachykinins in airways. A
recent study demonstrated that i.v. phosphoramidon potenti-
ated capsaicin-induced bronchoconstriction (Thompson and
Sheppard, 1988, Dusser et al., 1989). Finally, because sub-

stance P-induced secretion is potentiated by NEP inhibitors,
glandular NEP plays a significant role in modulating airway
secretion (Borson et al.,1987).

Neutral endopeptidase is a membrane-bound peptidase
that was initially identified in the kidney (Kerr and Kenny,
1974) and later in the brain (Malfroy et al., 1978).
Subsequently, enzymes from the two sources were shown to
be identical (Malfroy and Schwartz, 1982). NEP-like activi-
ty is present in the lungs and airways of guinea pigs
(Sheppard, et. al., 1988) and other species including humans

Fig. 2. Effects of phosphoramidon on the time course and mag-
nitude of bronchial muscle contraction and relaxation after

electrical fìeid stimulation (EFS, 2 Hz.) in five guinea pigs. The
tension (mean ± 1SE) is expressed in g (upper trace) and as the
percentage of the maximal tension in each tissue (lower trace).
Phosphoramidon (10-5M) ; closed circles) increased the magni-
tude of the contractile response to EFS and prolonged  the con-
traction compared to the electrically induced contracti¬ons in
control tissues (open circles) (Reproduced  from reference 21.)

Fig.3.  Noncholinergic. nonadrenergic contractile
responses to capsaicin (1.5 x 10-8M) in guinea pig bronchi

with and without the epithelium, in the absence and presence
of neutral endopeptidase inhibitor phosphoramidon. Data are
expressed as percentage of muscle contraction (mean ± 1SE)
induced by acetylcholine (10-3M). Removing the epithelium

increased slightly but significantly the capsaicin-induced con-
traction compared to the intact tissues (*p <.05).

Phosphoramidon (10-5M ) increased the response to capsaicin
in tissues with and without epithelium (**p<.001; n=7 each)

(Reproduced from reference 21. )

Fig. 4 Effects of various enzyme inhibitors on the non-
cholinergic, nonadrenergic contractile response to EFS at 2
Hz in  bronchi  from five guinea pigs. Data are expressed as

the percentage of the control contraction (mean ± 1SE)
induced by EFS in each tissue. Captopril, bestatin, leupeptin
and physostigmine (each drug, 10-5M) did not alter the con-
tractile response to EFS significantly. Phosphoramidon and
leucine-thiorphan (each drug. 10-5M) increased electrically

induced contraction significantly and substantially (p <.
01)(Reproduced from reference 21. )
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(Borson et. al., 1986, Johnson et. al., 1985, Kenny et. al.,
1985, Llorens and Schwartz, 1981, Sekizawa et. al., 1987).
Our results show that the profiles of inhibition of phospho-
ramidon, captopril, and MGPA on NEP-like activity in
guinea pig airway are similar to those observed on purified
NEP (Malfroy and Schwartz, 1984, Matsas et. al., 1984).
These results suggest that the NEP-like enzyme in guinea
pig airway is very similar to NEP. NEP hydrolyses substance
P and other tachykinins in vitro (Kerr and Kenny, 1974).
This peptidase cleaves substance P at different sites but
mainly between the 9 and the 10 positions, generating NH2-
terminal fragments that are inactive or much less potent than
substance P on airway smooth muscle in guinea pigs and
other species (Mizrahi et. al., 1985, Sekizawa et. al., 1987)
as well as on the majority of systems (Mizrahi et. a1.,
Watson, 1984). Phosphoramidon is a potent and selective
inhibitor of NEP with a nanomolar affinity constant (Hudgin
et. al., 1981) (Fig. 5). 

From the particle sizes that were generated by the ultra-
sonic nebulizer, we can predict that in our study, the
aerosolized substances that reached the lungs deposited
mainly in the airways (Bates et. al., 1966). Therefore, by
using phosphoramidon as an aerosol, it is likely that we
inhibited NEP-like enzyme preferentially in the conducting
airways, although we cannot exclude the possibility that
phosphoramidon also diffused in the blood circulation.
Thus, if exogenous substance P locally administered in the
airway or endogenous tachykinins are inactivated by NEP-
like enzymes in the airways, then aerosolized phosphorami-
don should potentiate SP-induced effects by preventing the
degradation of this peptide locally in the airways. This
hypothesis is compatible with the findings that in vitro phos-
phoramidon decreased the rate of substance P degradation
by guinea pig lung membranes and increased the binding of

substance P to its receptors on bronchial membranes
(Stimler-Gerard, 1987). In our study, aerosolized phospho-
ramidon increased neither the baseline resistance nor the
response to acetylcholine. Therefore the possibility that the
effects of phosphoramidon were nonspecific is unlikely.

The role of neutral endopeptidase in
tachykinin-induced bronchoconstriction
Airway neutral endopeptidaselike enzyme modulates

tachykinin-induced bronchoconstriction in vivo. Was found
that aerosolized substance P has no effect on airway resist-
ance in control anesthetized guinea pigs (Dusser et al.,
1989) (Fig. 6). However, in the presence of the aerosolized
NEP inhibitor, phosphoramidon, aerosolized SP produces a
concentration-dependent increase in resistance (Fig. 6).
Additionally, phosphoramidon potentiates the atropine-
résistant responses to vagus nerve stimulation. Furthermore,
after phosphoramidon, the responses to vagus nerve stimula-
tion develop slowly and are much more prolonged than in
the absence of the peptidase inhibitor. Finally, the potentiat-
ing effect of phosphoramidon on the atropine-résistant
response to vagus nerve stimulation is abolished by a
tachykinin receptor antagonist (Dusser et al., 1989) (Fig. 6).
NEP-like activity is present in guinea pig airway. We con-
clude from these results that airway NEP-like enzyme nor-
mally prevents the bronchoconstriction from occurring after
the administration of aerosolized substance P and that air-
way NEP-like enzyme modulates the effects of endogenous
tachykinins released by noncholinergic vagus nerve stimula-
tion in vivo in guinea pigs (Dusser et a1., 1989).

As opposed to intravenous injection of substance P,
which may induce bronchoconstriction at very low concen-
trations (Andersson and Persson, 197.), Dusser,1989) shows

Fig. 5. Effects of administration (90 breaths) of increasing
concentrations of aerosolized phosphoramidon on aerosolized
substance P-induced bronchoconstrictor responses (10-4M , 7
breaths) in 5 anesthetized guinea pigs. Total pulmonary resist-
ance (RL, means ± 1SE) is expressed as percent of maximum

increase in RL above response observed without phosphorami-
don. Maximum effect of phosphoramidon was observed at 3x

10-5M in every animal (Reproduced  from reference 25.).

Fig. 6. Effects of tachykinin antagonist [D-Arg1, D-Pro2,
D-Trp7,9, Leu11]-substance P on potentiation by phospho-

ramidon of atropine-résistant response to vagus nerve stimu-
lation m anesthetized guinea pigs. Response to vagus nerve
stimulation (10 V, 2 Hz, 5 ms  for 20 s) was measured either
15 minutes after administration of aerosolized 0.9% NaCl

solution (90 breaths) alone  or 15 minutes after administra-
tion of aerosolized phosphoramidon (10-4M, 90 breaths) in

absence and in presence of pretreatment by [D-Arg1, D-Pro2,
D-Trp7,9, Leu11]-substance P. Total pulmonary resistance

(RL) is mean ± 1SEM of data collected from 5 guinea pigs in
each condition. * Significant differences (p<.01) between ani-

mals treated with phosphoramidon alone and the 2 other
groups. No difference existed between responses observed in

animals treated with phosphoramidon in presence of
tachykinin antagonist and control animals (p>.5) 

(Reproduced  from reference 25.)
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that in the absence of phosphoramidon, he was unable to
provoke an increase in airway resistance with concentrations
of aerosolized substance P as large as 104M (Fig. 7). The
in¬ability to provoke bronchoconstriction by substance P,
given as an aerosol, was also observed in humans (Fuller et.
al., 1987). However, our study demonstrates that by inhibit-
ing airway NEP-like enzyme, aerosolized substance P
induces a potent and longlasting increase in resistance in a
concentration-dependent fashion. From our findings, we
conclude that under normal conditions, airway NEP-like
enzyme cleaves substance P very efficiently, preventing sig-
nificant concentrations of the active exogenous peptide from
binding to the smooth muscle receptors. Although it is diffi-
cult to estimate the concentrations of substance P present at
the airway smooth muscle receptors after the administration
of seven breaths of aerosolized substance P, it is likely that
they were much lower than the concentrations of the
aerosolized solution. Thus, from the effect of phosphorami-
don on the response to aerosolized substance P, we infer that
the NEP-like enzyme might also modulate the effect of low
concentrations of endogenously released tachykinins.
Therefore, we also studied the effects of aerosolized phos-
phoramidon on the noncholinergic responses to vagus nerve
stimulation (Fig. 7). The increase in airway resistance induc-
ed by vagus nerve stimulation in the presence of atropine in
the guinea pig has been previously reported to be related to
the release of endogenous tachykinins (Dusser et al., 1989.).
This conclusion was based on the demonstration that these
responses were completely abolished when guinea pigs were
pretreated with (D-Argl,D-Pro2,D-Trp7,9,Leul 1)-SP,
atachykinin antagonist, as well as when the animals were
pretreated with capsaicin, which induced a depletion in cap-
saicin-sensitive SP-containing nerves (Lundberg and Saria,
1983, Lundberg et. al., 1983). These suggest that the effect
of phosphoramidon was mediated via tachykinins and that
airway NEP-like enzyme modulates the effects of endoge-
nous tachykinins released by vagai nerve stimulation. (D-
Argl,D-Pro2,D-Trp7,9, Leull)-SP is a competitive antagonist
that inhibits SP-induced bronchoconstriction (Lundberg and

Saria, 1983). This antagonist inhibits both types of
tachykinin receptors, the SP-P and SP-E type receptors and,
therefore, is not specific for substance P but also inhibits
other tachykinins (Watson, 1983). Because nerve endings
contain substance P and other tachykinins all of which may
be cleaved by NEP (Matsas et. al., 1984), it is impossible to
determine from these results which endogenous tachykinins
are modulated by airway NEP-like enzyme.

CONCLUSION
Summarizing results obtained in our studies investigated

the neurogenic inflammation induced by neuropeptides and
the role of neutral endopeptidase in a modulation of
tachykinins-induced bronchial responses, the following con-
clusive remarks could be drawn:

- substance P and other tachykinins have potent effects
on airway smooth muscle, gland secretion and blood vessels,

- electrical stimulation of the nerves to airway smooth
muscle or chemical stimulation with capsaicin causes nona-
drenergic, noncholinergic contraction of airway smooth
muscle, effects that are abolished by a tachykinin antagonist,

- in airways, neutral endopeptidase is located on the sur-
faces of multiple cells including epithelium, smooth muscle,
glands and nerves, thus providing multiple potential sites for
degrading neuropeptides when they are released,

- airway epithelium modulates the tissue responses to
endogenous tachykinins released by electrical field stimula-
tion or capsaicin suggesting that the relaxing factor (neutral
endopeptidase, prostaglandine E2) in epithelium is impor-
tant in modulation of tachykinin-induced neurogenic inflam-
mation, On the base of our results, we hypothesize that the
sensory nervous system and its neurogenic inflammatory
responses of smooth muscle, blood vessels and glands secre-
tion act as follows: a large number of foreign substances and
irritants in the airways stimulates the airway afferent senso-
ry nerves involving the axon reflex to release substance P
and other related neuropeptides - tachykinins. We suggest
that these neurogenic responses are normal and protective.
Gland secretion, chloride transport (and associated water
movement toward the airway lumen), and cough may assist
in the dilution and clearance of the irritant. The short-lived
increase in vascular permeability tends to dilute the stimu-
lus. Because of the presence of neutral endopeptidase, the
tissue responses are small and, unless the stimulus is great,
not clinically manifest. However, when neutral endopepti-
dase is down-regulated or inactivated (e.g. by viral infec-
tion), stimuli that activate the sensory nerves now produce
exaggerated responses because substance P and related
tachykinins are not cleaved, and the responses may become
clinically evident. 

Fig.7. Dose-response curves to aerosolized substance P
(7 breaths) in the absence (open circles) or 15 minutes after

the administration of aerosolized phosphoramidon (10-4M, 90
breaths, closed circles) in anesthetized guinea pigs (n=5 for

each condition). Total pulmonary resistance (RL) is expressed
as means ± 1SE. *Significant differences between control ani-
mals and animals treated with aerosolized phosphoramidon (p

<. 005) (Reproduced from reference 25. )
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Apstrakt
U disajnim putevima je, ne tako davno, otkrivena tre}a komponenta

autonomnog nervnog sistema neholinergi~ni-neadrenergi~ni nervni sistem, kao i
nova klasa supstanci neuropeptidi. Iritansi kao {to je pra{ina i brojne hemijske
supstance stimuli{u senzorna nervna vlakna na osloba|anje supstance P (SP) i
SP-sli~nih neuropeptida (neurokinin A). SP i neurokinin A pripadaju subklasi
neuropeptida nazvanih tahikinini koji su lokalizovani u C-vlaknima disajnih
puteva ~oveka i vi{e `ivotinjskih vrsta. Tahikinini poseduju sposobnost da delu-
ju na mnoge tkivne sisteme u disajnim putevima (glatki mi{i}, `lezde, krvni
sudovi) i uzrokuju bronhokonstrikciju, sekreciju mukusa i ekstravazaciju plazme.
Ovi efekti su nazvani "neurogena inflamacija". Na povr{ini }elija koje sadr`e
receptore za SP i njoj sli~ne neuropeptide, postoji enzim pod imenom neutralna
endopeptidaza (NEP, Enkefalinaza, EC 3.4.24.11). NEP biolo{ki inaktivira neu-
ropeptide i time reguli{e koncentraciju neuropeptida i njihov efekat na glatki
mi{i~, `lezde i druge }elijske sisteme. Cilj ovog rada je da prezentira ulogu neu-
rogene inflamacije u svetlu najnovih svetskih saznanja uklju~uju~i i autorove
radove, i predlo`i mehanizme u kojima SP-senzorni nervi mogu imati zna~ajnu
ulogu u patogenezi bolesti plu}a. Sumiraju}i rezultate dobijene u na{im brojnim
istra`ivanjima, utvr|eno je, da: a) SP i SP-sli~ni tahikinini poseduju sna`an efekat
na glatki mi{i}, sekreciju `lezda i krvne sudove, b) elektri~na stimulacija sen-
zornih nerava ili hemijska stimulacija kapsicinom uzrokuje neholinergi~nu – nea-
drenergi~nu kontrakciju disajnih puteva, efekat koji je mogu}e blokirati
tahikinin-antagonistima, c) intaktni epitel disajnih puteva modulira tkivne odgov-
ore na endogene tahikinine {to ukazuje da relaksantni faktori (NEP, prostaglandin
E2) u epitelu poseduju zna~ajnu ulogu u modulaciji tahikinin-indukovane neuro-
gene inflamacije. 
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