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Introduction

Neurotensin (NT) is a tricadepeptide local-
ized in the central nervous system and the
gastrointestinal tract1,2,3. Neurotensin plays an
important role in the regulation of various
physiologic mechanisms: (1) inhibition of gas-
tric acid secretion4,5,6; (2) control of pancreat-
ic function7; (3) control of intestinal blood
flow5,8,9 and involvement in the pathophysiol-
ogy of colonic inflammation10; (4) neuromod-
ulator of dopaminergic systems11; (5) myocar-
dial pathophysiology12; and (6) induction of
airway constriction13,14. NT exerts its action
directly on the airway smooth muscle, and
therefore cholinergic antagonists do not af-
fect bronchoconstriction15.

Recent studies described a correlation be-
tween NT and malignancies16,17,18,19, in partic-
ular with small cell lung cancer (SCLC)20. In
fact, NT receptors described on SCLC cells
suggest that NT functions as an autocrine
growth factor in this type of cancer21,22.
Furthermore, an NT receptor antagonist (SR
48692) inhibits the growth of SCLC cells23. 

Several enzymes, especially the membrane
bound neutral endopeptidase (NEP) (also
designated enkephalinase, CALLA, CD10,
or E.C.3.4.24.11)24 metabolize NT. Neutral
endopeptidase is found in the respiratory
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Abstract. – Background: The role of pul-
monary metabolism of endogenous neurotensin
(NT) in asthma is still unclear. Information on
this subject in humans is scarce.

Objectives: Evaluation of the pulmonary me-
tabolism of the endogenous NT in asthmatic
subjects during symptom-free periods and after
a methacoline challenge test and in healthy indi-
viduals.

Methods: Ten asthmatic subjects (aged 34 to
70 years), diagnosed with extrinsic (n = 5),
atopic (n = 3), and mixed asthma (n = 2), were
compared to a group of 10 healthy individuals
(aged 45 to 69 years). The asthmatic group of
patients was evaluated with a PD20-FEV1 metha-
coline challenge test 3 days after a washout pe-
riod from cessation of their regular medications.
Two catheters were inserted in order to draw
blood samples for the evaluation of NT concen-
tration: one was inserted into the pulmonary
artery and the other into the radial artery. The
mean concentration of NT in pulmonary and
systemic arterial blood, as well as the arteriove-
nous difference of NT and the absolute value of
production rate [PR/m'], PR/m'/kg and PR/m'/m2

were calculated for each participant. 
Results: The mean neurotensin concentration

in normal subjects was higher in mixed venous
blood (pulmonary artery) than in systemic arteri-
al blood (p < 0001). Similarly, mean NT mixed ve-
nous levels in asthmatic subjects was shown to
be higher than mean NT levels in systemic arter-
ial blood, before and after the bronchoconstric-
tion with methacoline (p = 0.05 and p = 0.02, re-
spectively). In contrast, the arterovenous differ-
ence and the mean values of PR of NT were sim-
ilar in both groups. 

Conclusions: Our findings suggest that (1)
NT concentration in mixed venous blood
changes in transit through the pulmonary
parenchyma, indicating that the pulmonary
parenchyma is an important site of NT metab-
olism; (2) Pulmonary clearance of NT is unaf-
fected by cholinergic bronchoconstriction.
Further clinical studies are needed in order to
improve both the understanding and the thera-
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tract in various sites: the basal cells of the res-
piratory epithelium, type II alveolar cells,
sub-mucosal glands, neutrophils, airway
smooth muscle, post-capillary venules, and
nerves25. Neutral endopeptidase may play an
important role in the modulation of airway
smooth muscle tone, providing many sites for
the degradation of peptides that have potent
effects on airway caliber, blood vessels, and
secretion production. Indeed, more knowl-
edge on NT pulmonary metabolism would
help to elucidate the physiology of bronchial
hyper-responsiveness and would provide a
better understanding of the biological mecha-
nisms of cancer. 

To date, no studies have confirmed the in-
volvement of endogenous NT metabolism in
the airways of asthmatic patients (pts).
Therefore we conducted a trial comparing
normal subjects and asthmatic subjects dur-
ing symptom-free periods in basal conditions
out after a methacoline challenge test. Both
groups were evaluated for NT pulmonary
metabolism.

Material and Methods 

Two groups of subjects enrolled in the
study: group A comprised 10 healthy subjects
(aged 45 to 69 years; 7 males) unaffected by
any bronchopathy, and group B comprised 10
asthmatic pts (aged 34 to 70 years; 4 males),
diagnosed with extrinsic (n = 5 pts), atopic (n
= 3 pts), and mixed asthma (n = 2 pts); all
subjects were non-smokers. Patients in group
B were ordered to cease all current medica-
tions 5 days prior to their evaluation, and a
PD20-FEV1 methacoline challenge test was
performed 3 days after a washout period, ac-
cording to the Guidelines for Methacholine
and Exercise Challenge Testing - 1999 of the
American Thoracic Society26. Patients in-
group B were classified as asthmatics, accord-
ing to criteria of the American Thoracic
Society27.

All patients underwent right heart
catheterization in order to exclude cardiac
disease. The ten healthy subjects were en-
rolled from a group of patients who under-
went cardiac catheterization to evaluate the
existence of a possible cardiopathy. Exclusion
criteria included medical conditions that may

lead to pulmonary hypertension: left-sided
valvular disease, chronic hypoxia, chronic
veno-occlusive disease, chronic obstructive
pulmonary disease, chronic restrictive pul-
monary disease, or interstitial lung disease.
Cardiac output was determined by the Fick
equation.

Two catheters were used: one was inserted
percutaneously under fluoroscopic imaging
into the pulmonary artery and the other
(made of teflon) was inserted into the radial
artery. Several blood samples were obtained
before and after a methacoline challenge test.
Blood was collected in 10 ml-vacuumed test-
tubes with EDTA 7.2 mg/5 ml and placed on
ice. Samples were separated in a refrigerated
centrifuge for 15 minutes at 760 rpm, and
frozen immediately thereafter. In each sam-
ple the NT concentration was measured twice
by radioimmunoassay kit (Technogenetics,
Italy). The following formula was used to cal-
culate the PR of NT:

PR(picomoli/m') = Cardiac output(ml/m') × A-V difference(picomoli/ml)

Mean concentration of NT in the pul-
monary and systemic arterial blood, the
arterovenous difference of mean NT, the
PR/m'/kg or PR /m'/m2 or PR picom/m' be-
fore and after the methacoline-induced bron-
choconstriction, was calculated in group B.
Same evaluations were performed obviously
only in basal condition in group A. Mean val-
ues of the two groups were compared using a
two-tailed t test. The level of statistical signif-
icance was set at p < 0.05. 

All patients gave their informed consent
prior to participating in the study, which was
approved by the Ethics Committee of the
University Hospital of Genoa, Italy. 

Results

In group A (normal subjects) the mean NT
concentrations in pulmonary and systemic ar-
terial blood were 78.7 ± 2.73 and 55.6 ± 2.51
picomol/ml, respectively. Results were statis-
tically significant (p < 0.001) (Table I).

Comparison of means NT basal levels in
pulmonary arterial blood of healthy individu-
als and asthmatic pts did not reveal any sig-
nificant difference (78.7 ± 2.73 and 73.7 ±
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6.34 respectively; p = 0.15). Similarly, no sig-
nificant difference was found between mean
NT levels in the systemic arterial blood of
both groups (55.6 ± 2.51 and 58.7 ± 6.54 re-
spectively; p = 0.28).

A significant difference in basal mean NT
levels in pulmonary and systemic arterial
blood of asthmatic patients. was found before
(73.7 ± 6.34 and 58.7 ± 6.54 picomol/ml, re-
spectively; p = 0.05) and after the methacol-
ine challenge test (73.7 ± 2.41 and 60.4 ± 5.02
picomol/ml respectively; p = 0.02). In both

evaluations the mean NT concentration was
significantly higher in mixed venous blood
than in systemic arterial blood. In contrast,
the arterovenous difference in mean NT con-
centration did not change significantly (p =
0.34) following methacoline-induced bron-
choconstriction. The arteriovenous difference
in mean NT concentration (basal condition)
was no significant in both groups (Table II).
Likewise, there was no significant difference
in the asthmatic subjects in the mean PR val-
ues of NT before and after the methacoline
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Normal subjects X SE t df P(t) p

Pulmonary arterial blood 78.7 2.73
7.64 9 0.99998 < 0.001

Systemic arterial blood 55.6 2.51

Basal NT values (asthmatic pts) X SE t df P(t) p

Pulmonary arterial blood 73.7 6.34
2.26 9 0.9749 0.05

Systemic arterial blood 58.7 6.54

NT after methacoline (asthmatic pts) X SE t df P(t) p

Pulmonary arterial blood 73.7 2.41
2.80 9 0.9896 0.02

Systemic arterial blood 60.4 5.02

Table I. Pulmonary metabolism of NT (picomoli/m') in normal and asthmatic subjects: 1. Mean values in pulmonary and
systemic blood in normal subjects. 2. Mean values in pulmonary and systemic blood in asthmatic pts before methacoline
challenge test. 3. Mean values in pulmonary and systemic blood in asthmatic pts after methacoline challenge test.

Table II. Pulmonary metabolism of NT (picomoli/m'): 1. Comparison of mean NT values in pulmonary arterial blood
between normal subjects and asthmatic pts. 2. Comparison of mean values in systemic arterial blood between normal
subjects and astmatic pts. 3. Comparison of the artero-venous difference in asthmatic patients before and after
methacoline challenge test.

Normal/asthmatic X SE t df P(t) p

Pulmonary arterial blood 78.7 2.73
1.584 9 0.9257 0.15

Pulmonary arterial blood 73.7 6.34

Normal/asthmatic X SE t df P(t) p

Systemic arterial blood 55.6 2.51
1.375 9 0.898 0.28

Systemic arterial blood 58.7 6.54

NT A-V difference (asthmatic pts) X SE t df P(t) p

Basal -15 6.635
1 9 0.8288 0.34

Methacoline -9.6 5.679



78

test (p = 0.48 for picomoli/m', p = 0.43 for pi-
com/m'/kg, and p = 0.34 for picom/m'/m2 re-
spectively) (Table III). 

No significant difference was found be-
tween PR mean NT levels in basal conditions
in normal and asthmatic subjects (p = 0.41 for
the global picomoli/m') (Table IV).

Discussion

Several authors have investigated the role
of NT in the pathophysiology of different
cancers22,16-18,19

, as well as small cell lung can-
cer (SCLC)21,23,20 but current knowledge re-
garding neural mechanisms involved in the
pathogenesis of asthma is scarce, and many
questions remain to be answered, in particu-
lar the role of pulmonary endogenous NT
metabolism. NT was shown to be a modula-
tor of different processes including cate-
cholamine production and mast cell mediated

inflammation14,12. To date research done re-
garding the exogenous pulmonary metabo-
lism of NT was carried out on animal models
only28. There is scarce published data ad-
dressing NT metabolism in humans because
of the major difficulties involved in an in vivo
study. Our study, a first in vivo human study
to be performed, tries to elucidate the role of
NT metabolism in humans. 

Results obtained from the healthy subjects
showed clearly that in addition to the already
known role of the kidneys, brain, liver, and
plasma in NT metabolism29

, the pulmonary
parenchyma also has an important function.
In fact, the endogenous NT concentration in
mixed venous blood of healthy subjects was
higher than the concentration in systemic ar-
terial blood, decreasing (metabolized) in
transit through the pulmonary parenchyma
from 78.8 ± 3.73 SE to 55.6 ± 2.73 SE pico-
mol/ml, a difference that was statistically sig-
nificant. This is probably caused by NT
degradation by pulmonary neutral endopepti-
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Production rate picomoli/m' X SE t df P(t) p

Basal -83280 40552
0.73 9 0.758 0.48

Methacoline -53340 32498

Production rate/m'/kg X SE t df P(t) p

Basal -1345 696
0.83 9 0.786 0.43

Methacoline -795 507

Production rate/m'/m2 X SE t df P(t) p

Basal -49024 23477
1 9 0.8283 0.34

Methacoline -31284 19241

Table III. Pulmonary metabolism of NT in the asthmatic pts: pulmonary production rate of NT (picomol/m'). 1. Mean
values in the basal condition and after methacoline challenge test expressed ad total picomol/m' and comparison be-
tween the values. 2. The same expressed as picomol/m'/kg. 3. The same expressed as picomol/m'/mq surface body.

Table IV. Pulmonary metabolism of NT. Mean value of pulmonary production rate of NT (expressed as total pico-
moli/m') in the normal subjets and comparison between the of NT pulmonary production rate in the normal subjects
and the value before methacolin challenge test of the asthmatic pts.

Production rate picomoli/m' X SE t df P(t) p

Normal subjects -71653 34520
0.885 9 0.785 0.41

Asthmatic subjects -83280 40552



dase, which may lead to bronchodilation.
Neutral endopeptidase is rapidly eliminated
from the circulation by means of metabolism
in the plasma, kidneys, brain and liver29. This
results in a significant peripheral arterove-
nous difference in NT concentrations25. 

Interestingly, NT concentrations in healthy
subjects did not differ from that in asthmatic
pts (in pulmonary mixed venous blood and
systemic arterial blood) (Table I). This obser-
vation may exclude a possible role of this
peptide in asthma. Moreover, in the asthmat-
ic pts NT mean values remained unchanged
before and after a PD20-FEV1 methacoline
challenge test as confirmed by comparing the
arteriovenous differences in concentration
(Table II). In addition, analysis of NT PR
mean values (calculated in picomoli/m',
m'/kg, and m'/m2), showed that the PR does
not change before and after the PD20-FEV1

methacoline challenge test (Table III). 
In conclusions, (1) NT is quickly metabo-

lized in the pulmonary parenchyma as
demonstrated by the arteriovenous differ-
ence; (2) although a role for NT in bronchial
hyper-responsiveness could be suggested
through its influence on histamine release14,12,
it seems unlikely that this neuropeptide be
implicated in bronchial reactivity in asthma
since its levels do not differ between asthmat-
ic and healthy subjects; (3) pulmonary clear-
ance of NT is not modified by bronchial
cholinergic stimulation. 

Further studies of pulmonary endogenous
NT metabolism at the level of the conduct-
ing airways should be performed. Different
NT receptors have been cloned and could
have potential diagnostic and therapeutic
uses3. The evaluation of NT may have an
important diagnostic and therapeutic role in
bronchial inflammatory conditions includ-
ing asthma and needs to be investigated
thoroughly.
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