‘-"\

ELSEVIER

European Journal of Pharmacology 280 (1995) 113-118

v

Corticotropin-releasing factor inhibits antigen-induced plasma
extravasation in airways

Shigemi Yoshihara, Fabio L.M. Ricciardolo, Pierangelo Geppetti, Anders Lindén,
Masato Hara, Brendan Chan, Jay A. Nadel *

Cardiovascular Research Institute and the Departments of Medicine and Physiology, University of California San Francisco, San Francisco, CA
94143, USA

Received 2 January 1995; revised 7 March 1995; accepted 21 March 1995

Abstract

We investigated the potential of corticotropin-releasing factor (CRF) to reduce neurogenic plasma extravasation in sensitised
guinea pig airways evoked by antigen challenge. Inhalation of 5% ovalbumin for 2 min in the presence of phosphoramidon (2.5
mg/kg, i.v.) increased extravasation of Evans blue dye in the trachea and main bronchi. The increase in plasma extravasation
induced by antigen challenge was significantly reduced by pretreatment with CRF (30 nmol /kg, i.v.) (73% in the trachea and
42% in the main bronchi). The inhibition of plasma extravasation by CRF (30 nmol /kg, i.v.) alone was not different from the
inhibition induced by the combination of CRF and the tachykinin NK; receptor antagonist, CP-99,994 (4 mg/kg, i.v.) (73% in
the trachea and 38% in the main bronchi). CRF (30 nmol /kg, i.v.) inhibited by 32% in the trachea and by 43% in the main
bronchi plasma extravasation induced by aerosolised bradykinin but did not reduce the plasma extravasation caused by
aerosolised substance P in the presence of phosphoramidon. These findings suggest that CRF reduces ovalbumin-induced plasma
extravasation in guinea pig airways by inhibiting the release of tachykinins from primary sensory nerves.
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1. Introduction

Release of peptide transmitters from sensory nerve
endings results in a series of inflammatory responses,
collectively referred to as neurogenic inflammation. In
the airways these responses include plasma extravasa-
tion (Lundberg et al., 1983; Bertrand et al., 1993a,b),
vasodilation (Piedimonte et al., 1992), adhesion of
leukocytes to the vascular endothelium (Umeno et al.,
1989) and bronchoconstriction (Lundberg et al., 1983;
Ricciardolo et al., 1994). Tachykinin NK; and NK,
receptors mediate the responses induced by tachykinins
released from sensory nerves in the airways (Regoli et
al., 1988, Maggi et al., 1991). In particular, tachykinin-
evoked plasma extravasation in the guinea pig trachea
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and main bronchi is entirely mediated by activation of
tachykinin NK, receptors (Abelli et al., 1991; Lei et al.,
1992; Piedimonte et al., 1993). Neutral endopeptidase
(NEP, E.C.3.4.24.11) cleaves tachykinins and inhibition
of neutral endopeptidase causes an increase in neuro-
genic inflammatory responses (Nadel, 1992). Neuro-
genic inflammation has been shown to be involved in
inflammatory responses in the airways induced by sev-
eral stimuli. Recent studies have shown that plasma
extravasation evoked by antigen challenge in the tra-
chea of sensitised guinea pigs is largely mediated by
tachykinin release from sensory nerve endings
(Bertrand et al., 1993a; Nadel, 1994).

Tachykinin receptor antagonists may be used to
reduce neurogenic inflammatory responses in the air-
ways. Alternative strategies to obtain the same goal
include the use of agents that inhibit the release of
peptide transmitters from sensory nerve endings. Sen-
sory neuropeptide release in the airways may be inhib-
ited by various agents including opioids and ne-
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docromil sodium (Barnes, 1994). Corticotropin-releas-
ing factor (CRF), a 41 amino acid peptide that controls
the pituitary-adrenal axis, is co-localised with other
neuropeptides in capsaicin-sensitive nerves in rat brain
(Skofitsch et al., 1985). CRF has been found to inhibit
neurogenic plasma extravasation in the paw skin and in
the trachea of the rat (Wei et al., 1986; Wei and Kiang,
1987, Wei and Kiang, 1989). In the present studies we
tested the possibility that CRF inhibits inflammatory
responses in airways by the inhibition of sensory neu-
ropeptide release. For this purpose, evaluation of
plasma extravasation induced by ovalbumin challenge
in sensitised guinea pigs was chosen because (a) the
leakage of plasma proteins is an important feature of
airway inflammation, (b) the anaphylactic response to
ovalbumin is a relevant model of allergic asthma, and
(¢) in the trachea of guinea pigs pretreated with the
neutral endopeptidase inhibitor, phosphoramidon, we
observed that plasma extravasation induced by the
ovalbumin was markedly reduced by a tachykinin NK,
receptor antagonist, thus implicating tachykinins in the
response (Bertrand et al., 1993a,b). The specific aim of
the present study was two-fold. First, we tested whether
CRF inhibits plasma extravasation in response to anti-
gen in sensitised guinea pig airways. Second, we inves-
tigated whether the inhibitory action of CRF on anti-
gen-induced plasma extravasation is due to the ability
of this compound to inhibit tachykinin release in the
guinea pig airways.

2. Materials and methods

2.1. Animals

Male Hartley guinea pigs (Simonsen Laboratories,
Gilroy, CA) weighing 250-300 g at the time of housing,
were used in this study. They were kept in a tempera-
ture-controlled environment with standard laboratory
food and water freely available.

2.2. Sensitisation procedure

Animals were sensitised according to a protocol
described previously (Ricciardolo et al., 1994;: Dunn et
al., 1988) that consisted of injection of 70 mg ovalbu-
min (Grade V) in 1.5 ml 0.9% NaCl intraperitoneally
twice with a 1 week interval between injections. The
animals were studied 2 weeks after the second injec-
tion.

2.3. Cardiovascular measurements

A polyethylene catheter (i.d. 0.8 mm, length 2.5 cm;
Angiocath, Arrow International, Reading, PA) was in-

serted into the left carotid artery and then connected
to a pressure transducer (model 1270A, Hewlett-
Packard, Palo Alto, CA) for measurement of arterial
blood pressure. The amplified signal from the trans-
ducer (module M2102B, Electronics for Medicine,
Pleasantville, NY) and displayed continuously on a
video monitor (model OM, Electronics for Medicine)
and recorded using an oscillographic recorder (model
DASH-8, Astro-Med, West Warwick, RI). Heart rate
was derived from the pressure pulse signal by a cardio-
tachometer coupler.

2.4. Experimental design

On the day of the experiment, the animals (500-600
g) were anaesthetised with sodium pentobarbital (45
mg/kg i.p.; Anthony Product Corp., Arcadia, CA). A
midline cervical incision was made to expose the larynx
and upper trachea. The trachea was incised immedi-
ately below the larynx, and a cannula was inserted 4
mm into the trachea. The animals were then ventilated
artificially at a frequency of 70 breaths/min with a
tidal volume of 6 ml (Bertrand et al., 1993a). Pretreat-
ment of CRF (30 nmol /kg, i.v.; Neurobiological Tech-
nologies, Richmond, CA) or vehicle was injected 15
min before the inhalation of ovalbumin (Rogers et al.,
1993). The NK, tachykinin receptor antagonist, CP-
99,994 (4 mg /kg, i.v.) or saline was injected along with
phosphoramidon (2.5 mg /kg, i.v.; Peninsula Laborato-
ries, Belmont, CA) dissolved in 0.9% NaCl (Piedi-
monte et al.,, 1993), into the jugular vein over a 10 s
period 5 min before the inhalation of ovalbumin.

We used Evans blue dye (3% solution in 0.9% NaCl;
Polysciences, Warrington, PA) to measure plasma ex-
travasation. Immediately after the injection of the dye
(30 mg/kg i.v. over 5 s) in the jugular vein, an aerosol
of either 0.9% saline or 5% OVA, which has previously
been shown to produce a nearly maximum amount of
plasma extravasation (Bertrand et al., 1993a), was de-
livered to sensitised or control animals for 2 min via
the tracheal cannula, using an ultrasonic nebuliser
(Pulmo-Sonic model 25, De Vilbiss Co., Somerset, PA;
aerosol delivery rate 0.2 ml/min).

The chest was opened 10 min after injection of the
tracer, a cannula was inserted into the ascending aorta
through the left ventricle, and the circulation was per-
fused for 3 min with a phosphate buffer of pH 5 at a
pressure of 120 mmHg. The trachea was then removed,
opened longitudinally along the ventral midline, blot-
ted on bibulous paper, and weighed. Tissues were
incubated in 3 ml of formamide (Fisher Scientific,
Santa Clara, CA) at 50°C for 18 h to extract the
extravasated Evans blue dye (Lundberg and Saria,
1983). These results were compared with those ob-
tained from animals not treated with CRF.
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2.5. Measurement of plasma extravasation

Extravasation of the dye-labelled macromolecules
was assessed by measuring the optical density of the
formamide extracts at a wavelength of 620 nm with a
spectrophotometer (UV160U, Shimadzu, Columbia,
MD). The amount of Evans blue dye extravasated from
the tissue, expressed in ng/mg of wet weight, was
interpolated from a standard curve of Evans blue dye
concentrations.

2.6. Drugs

Ovalbumin was obtained from Sigma Chemical (St.
Louis, MO). Phosphoramidon was purchased from
Peninsula Laboratories (Belmont, CA). Rat/human
amino acid sequence CRF was a kind gift from Neuro-
biological Technologies. CP-99,994 was kindly provided
by Dr. J.A. Lowe (Pfizer Central Research Division,
Groton, CT).

2.7. Statistical analysis

All data are expressed as means + S.E.M. Statistical
comparisons were performed using a one way analysis
of variance and Dunnett’s test or bilateral unpaired
Students ¢-tests, when appropriate. In all cases, a P
value of less than 0.05 was considered significant.

3. Results

3.1. Effects of CRF on vascular permeability

The extravasation of Evans blue dye in the trachea
and main bronchi of sensitised guinea pigs after expo-
sure to aerosolised vehicle of ovalbumin and in the
presence of phosphoramidon (2.5 mg/kg, i.v.) was 26.5
+ 4.5 ng/mg (n = 5, Fig. 1, upper columns) and 18.7 +
5.9 ng/mg (n = 5, Fig. 2, lower columns), respectively.
Inhalation of 5% ovalbumin for 2 min in the presence
of phosphoramidon (2.5 mg/kg, iv.) increased the
extravasation of the Evans blue dye significantly in
both the trachea (78.5+ 5.4 ng/mg, n=35; Fig. 1,
upper columns) and the main bronchi (109.0 + 6.9
ng/mg, n=25; Fig. 1, lower columns). Pretreatment
with CRF (30 nmol /kg, i.v.) 15 min or CP-99,994 (8
pmol /kg, i.v.) 5 min before aerosol challenge, did not
affect the extravasation of the Evans blue dye caused
by the ovalbumin vehicle (data not shown). Pretreat-
ment with CRF (30 nmol /kg) significantly reduced the
plasma extravasation produced after ovalbumin chal-
lenge in the trachea (40.7 + 2.4 ng/mg, n = 5; Fig. 1,
upper columns) and in the main bronchi (71.0 + 9.7
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Fig. 1. Effect of corticotropin-releasing factor (CRF) alone (30
nmol/kg) or CRF and the tachykinin NKI1 receptor antagonist
CP-99,994 (4 mg/kg) on Evans blue extravasation in guinea pig
trachea (upper columns) and main bronchi (lower columns) induced
by inhalation of ovalbumin (OVA; 5% for 2 min) in presence of
phosphoramidon (2.5 mg/kg, i.v., 5 min before the exposure to
OVA). Vascular extravasation was evaluated by measuring the
amount of Evans blue dye extravasated in the trachea after 10 min.
Values are means+SEM; n=>5 per group. " P <0.01 vs. control
(inhalation of 5% OVA in presence of phosphoramidon) in trachea
and * P < 0.05 in main bronchi.

ng,/mg, n =5, Fig. 1, lower columns). Finally, pretreat-
ment with a combination of CRF (30 nmol /kg, iv.)
and CP 99,994 (8 wmol/kg, iv.) also reduced the
plasma extravasation in the trachea (40.4 + 3.8 ng/mg,
n = 5; Fig. 1, upper columns) and main bronchi (74.7 +
8.3 ng/mg, n = 5; Fig. 1, lower columns). Inhibition of
ovalbumin-induced plasma extravasation caused by the
combination of CRF and CP-99,994 was not signifi-
cantly different from the inhibition caused by CRF
alone either in the trachea or the bronchi.

CREF inhibited significantly the plasma extravasation
caused by aerosolised bradykinin (100 M, 2 min in-
halation) in the guinea pig trachea (60.5 + 4.1 ng/mg
vs. 75.1 + 4.2 ng/mg, n = 5; Fig. 2, upper columns) and
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bronchi (58.5 + 8.9 ng/mg vs. 85.9 + 3.5 ng/mg, n = 5;
Fig. 2, lower columns). However, CRF did not affect
the plasma extravasation caused by aerosolisation of
substance P (10 uM, 2 min inhalation) in the guinea
pig trachea (75.2 +89 ng/mg vs. 74.1 +2.9 ng/mg,
n =5; Fig. 3, upper columns) and bronchi (80.6 + 5.8
ng/mg vs. 83.8+2.4 ng/mg, n=2>5; Fig. 3, lower
columns).

3.2. Cardiovascular parameters

In the animals treated with CRF (30 nmol /kg, i.v.)
heart rate was not significantly different from the heart
rate observed in animals pretreated with vehicle of
CRF (179 + 10 beats /min vs. 174 + 9 beats/min, n =
4). Intravenous administration of CRF (30 nmol/kg,
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Fig. 2. Effect of corticotropin-releasing factor (CRF; 30 nmol /kg) on
Evans blue extravasation in guinea pig trachea (upper columns) and
main bronchi (lower columns) induced by inhalation of bradykinin
(100 M, 2 min) in presence of phosphoramidon (2.5 mg/kg, i.v., 5
min before exposure). Vascular extravasation was evaluated by mea-
suring the amount of Evans blue dye extravasated in the trachea
after 10 min. Values are means+ SEM; n =5 per group. " P < 0.05
versus control (inhalation of bradykinin in presence of phosphorami-
don) in both trachea and main bronchi.
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Fig. 3. Effect of corticotropin-releasing factor (CRF; 30 nmol /kg) on
Evans blue extravasation in guinea pig trachea (upper columns) and
main bronchi (lower columns) induced by inhalation of Substance P
(10 uM, 2 min) in presence of phosphoramidon (2.5 mg/kg, iv., 5
min before exposure). Vascular extravasation was evaluated by mea-
suring the amount of Evans blue dye extravasated in the trachea
after 10 min. Values are means+ SEM; n = 5 per group.

i.v.) increased mean arterial blood pressure as com-
pared to the vehicle of CRF (88.75 + 4.72 mmHg vs.
76.67 + 5.77 mmHg; n =4, P <0.05).

4, Discussion

The major finding of the present study is that pre-
treatment with CRF significantly reduces ovalbumin-
induced extravasation of Evans blue dye in the trachea
and main bronchi of sensitised guinea pigs pretreated
with the neutral endopeptidase inhibitor, phospho-
ramidon. In experimental conditions identical to those
used in the present study, ovalbumin-evoked plasma
extravasation in the trachea of sensitised guinea pigs
was largely mediated by stimulation of sensory nerve
endings and the release of tachykinins (Bertrand et al.,
1993a,b). The present observation that inhibition in-
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duced by CRF was not different from the inhibition
induced by the combination of CRF and the tachykinin
NK, receptor antagonist CP-99,994 indicates that CRF
and CP-99,994 utilize a final common pathway to in-
hibit ovalbumin-induced plasma extravasation in the
guinea pig airways. CP-99,994 is a potent antagonist of
the tachykinin NK, receptors in guinea pigs, with mi-
nor calcium antagonist properties compared to its par-
ent compound CP-96,345 (McLean et al., 1993), that
was used in the previous study (Bertrand et al., 1993a).
Therefore, it is possible that the inhibitory action of
CP-99,994 on ovalbumin-evoked plasma extravasation
is due to its antagonism of tachykinin NK, receptors.
However, CRF did not inhibit substance P-induced
extravasation, suggesting that CRF does not act by
antagonizing tachykinin NK, receptors.

It is possible that CRF reduces ovalbumin-induced
plasma extravasation by inhibiting the release of neu-
ropeptide transmitters from sensory nerve endings. This
hypothesis is compatible with the previous observation
that CRF reduces neurogenic plasma extravasation in
the skin and airways induced by antidromic stimulation
of the vagus nerves (Wei et al., 1986; Wei and Kiang,
1987, Wei and Kiang, 1989).

To test this hypothesis further, we studied the effect
of CRF on the plasma extravasation induced by
aerosolised bradykinin or substance P in the guinea pig
airways. Locally applied bradykinin increases vascular
extravasation in rodent airways by two mechanisms: a
major component that is due to stimulation of sensory
nerves and, possibly via the activation of axon reflexes,
with subsequent release of tachykinins, and a minor
component that is probably due to the activation of
bradykinin receptors on the venular endothelium (Saria
et al., 1983; Lotvall et al., 1991; Geppetti, 1993). Plasma
extravasation induced by aerosolised substance P is not
neurally mediated but is due entirely to the direct
stimulation of tachykinin NK, receptors in the post-
capillary venules (Bertrand et al., 1993b). The present
observation that CRF reduces the extravasation of the
Evans blue dye induced by bradykinin but not the
extravasation induced by substance P suggests that
CREF reduces plasma extravasation by inhibiting sen-
sory neuropeptide release.

Locally applied bradykinin increases plasma extrava-
sation by a direct action on its receptors on endothelial
cells or indirectly by stimulating the release of
tachykinins from sensory nerve terminals (Saria et al.,
1983; Ichinose et al., 1990). OVA-induced plasma ex-
travasation is clearly due to indirect mechanisms, in-
cluding sensory nerve stimulation (Bertrand et al.
1993a,b). The observation that CRF was more effective
in reducing the plasma extravasation induced by OVA
than the plasma extravasation induced by bradykinin
suggests that CRF acts on additional indirect mecha-
nisms which increase plasma leakage, different from

sensory nerve activation. However, further experiments
are required to clarify this point.

In the present study, CRF increased arterial blood
pressure. An increase in arterial blood pressure may
indicate peripheral vasoconstriction which may reduce
plasma extravasation by reducing the flow to the leak-
age sites, but this is unlikely because CRF did not
reduce plasma extravasation in response to aerosolized
SP.

CRF releases corticosteroids indirectly from the
adrenal glands. Corticosteroids inhibit vascular ex-
travasation due to various stimuli, without showing any
selectivity for neurogenic plasma extravasation. There-
fore, it is unlikely that the inhibition by CRF of ovalbu-
min- and bradykinin-induced plasma extravasation is
mediated by the release of corticosteroids. A recent
preliminary study showed that CRF inhibits vagally
induced bronchoconstriction but not bronchoconstric-
tion caused by NKA (Rogers et al., 1993). Thus, the
present findings support the conclusion that CRF in-
hibits neural transmission in sensory neurons. Mi-
crovascular leakage is an essential component of the
inflammatory response to antigen in sensitised individ-
uals and plays a critical role in asthma in producing
edema and thickening of the bronchial mucosa which
may underlie airway hyperresponsiveness (Rogers and
Evans, 1992; Bertrand et al., 1993a,b; Yoshihara et al.,
1995). The ability of CRF to reduce plasma extravasa-
tion through inhibition of sensory neuropeptide release
suggests that this compound is a possible candidate in
the therapy of asthma.

References

Abelli, L., C.A. Maggi, P. Rovero, E. Del Bianco, D. Regoli, G.
Drapeau and A. Giachetti, 1991, Effect of synthetic tachykinin
analogues on airway microvascular leakage in rats and guinea-pigs:
evidence for the involvement of NK-1 receptors, J. Auton. Phar-
macol. 11, 267.

Barnes, P.J., 1994, Neuropeptides and asthma, in: Neuropeptides in
Respiratory Medicine, ed. M.A. Kaliner (Marcel Dekker, Inc.,
New York) p 501.

Bertrand, C., P. Geppetti, J. Baker, I. Yamawaki and J.A. Nadel,
1993a, Role of neurogenic inflammation in antigen-induced vas-
cular extravasation in guinea pig trachea, J. Immunol. 150, 1479.

Bertrand, C., J.A. Nadel, I. Yamawaki and P. Geppetti, 1993b, Role
of kinins in the vascular extravasation evoked by antigen and
mediated by tachykinins in guinea pig trachea, J. Immunol. 151,
4902.

Dunn, CJ., G.A. Elliott, J.LA. Oostveen and I.M. Richards, 1988,
Development of a prolonged eosinophil-rich inflammatory leuko-
cyte infiltration in the guinea pig asthmatic response to ovalbu-
min inhalation, Am. Rev. Respir. Dis. 137, 541.

Geppetti, P., 1993, Sensory neuropeptide release by bradykinin:
mechanisms and pathophysiological implications, Regul. Pept. 47,
1.

Ichinose, M., M.G. Belvisi and P.J. Barnes, 1990, Bradykinin-induced
bronchoconstriction in guinea pig in vivo: role of neural mecha-
nism, J. Pharmacol. Exp. Ther. 253, 594.



118 S. Yoshihara et al. / European Journal of Pharmacology 280 (1995) 113~118

Lei, Y., P.J. Barnes and D.F. Rogers, 1992, Inhibition of neurogenic
plasma exudation in guinea-pig airways by CP 96, 345, a new
non-peptide NK-1 receptor antagonist, Br. J. Pharmacol. 105,
261.

Lotvall, J., K. Tokuyama, P.J. Barnes and K.F. Chung, 1991,
Bradykinin-induced airway microvascular leakage is potentiated
by captopril and phosphoramidon, Eur. J. Pharmacol. 200, 211.

Lundberg, J.M. and A. Saria, 1983, Capsaicin-induced desensitiza-
tion of airway mucosa to cigarette smoke, mechanical and chemi-
cal irritants, Nature 302, 251.

Lundberg, .M., A. Saria, E. Brodin, S. Rosell and K. Folkers, 1983,
A substance P antagonist inhibits vagally induced increase in
vascular permeability and bronchial smooth muscle contraction in
guinea pig, Proc. Natl. Acad. Sci. USA 80, 1120.

Maggi, C.A.,, R. Patacchini, P. Rovero and P. Santicioli, 1991,
Tachykinin receptors and noncholinergic bronchoconstriction in
the guinea-pig isolated bronchi, Am. Rev. Respir. Dis. 144, 363.

McLean, S., R.M. Snider, M.C. Desai, T. Rosen, D.K. Bryce, K.P.
Longo, AW. Schmidt and J. Heym, 1993, CP-99,994, a nonpep-
tide antagonist of the tachykinin NK; receptor, Regul. Pept. 46,
329.

Nadel, J.A., 1992, Regulation of neurogenic inflammation by neutral
endopeptidase, Am. Rev. Respir. Dis. 145, S48,

Nadel, J.A., 1994, Modulation of neurogenic inflammation by pepti-
dases, in: Neuropeptides in Respiratory Medicine, ed. M.A. Ka-
liner (Marcel Dekker, Inc., New York) p. 351.

Piedimonte, G., J.LE. Hoffman, W.K. Husseini, W.L. Hiser and J.A.
Nadel, 1992, Effect of neuropeptides released from sensory nerves
on blood flow in the rat airway microcirculation, J. Appl. Physiol.
72, 1563.

Piedimonte, G., C. Bertrand, P. Geppetti, R.M. Snider, M.C. Desai
and J.A. Nadel, 1993, A new NK1 receptor antagonist (CP-99,994)
prevents the increase in tracheal vascular permeability produced
by hypertonic saline, J. Pharmacol. Exp. Ther. 266, 270.

Regoli, D., G. Drapeau, S. Dion and R. Couture, 1988, New selec-
tive agonists for neurokinin receptors: pharmacological tools for
receptor characterization, Trends Pharmcol. Sci. 9, 290.

Ricciardolo, F.L.M., J.A. Nadel, P.D. Graf, C. Bertrand, S. Yoshi-
hara and P. Geppetti, 1994, Role of kinins in anaphylactic-in-
duced bronchoconstriction mediated by tachykinins in guinea
pigs, Br. J. Pharmacol. 113, 508.

Rogers, D.F. and T.W. Evans, 1992, Plasma exudation and oedema
in asthma, Br. Med. Bull. 48, 120.

Rogers, D.F., Y.-H. Lei and P.J. Barnes, 1993, Corticotrophin-releas-
ing factor inhibition of neurogenic plasma exudation and bron-
choconstriction in guinea pigs in vivo, Am. Rev. Respir. Dis. 147,
A814.

Saria, A., J.M. Lundberg, G. Skofitsch and F. Lembeck, 1983,
Vascular protein leakage in various tissues induced by substance
P, capsaicin, bradykinin, serotonin, histamine and by antigen
challenge, Naunyn-Schmied. Arch. Pharmacol. 324, 212.

Skofitsch, G., N. Zamir, CJ. Helke, J.M. Savitt and D.M. Ja-
cobowitz, 1985, Corticotropin releasing factor-like immuno-
reactivity in sensory ganglia and capsaicin sensitive neurons of
the rat central nervous system: colocalization with other neu-
ropeptides, Peptides 6, 307.

Umeno, E., J.A. Nadel, H.T. Huang and D.M. McDonald, 1989,
Inhibition of neutral endopeptidase potentiates neurogenic in-
flammation in the rat treachea, J. Appl. Physiol. 66, 2647.

Wei, E.T. and J.G. Kiang, 1987, Inhibition of protein exudation from
the trachea by corticotropin-releasing factor, Eur. J. Pharmacol.
140, 63.

Wei, E-T. and J.G. Kiang, 1989, Peptides of the corticoliberin
superfamily attenuate thermal and neurogenic inflammation in
rat paw skin, Eur. J. Pharmacol. 168, 81.

Wei, ET, J.G. Kiang, P. Buchan and T.W. Smith, 1986, Corti-
cotropin-releasing factor inhibits neurogenic plasma extravasation
in the rat paw, J. Pharmacol. Exp. Ther. 238, 783.

Yoshihara, S., B. Chan, 1. Yamawaki, P. Geppetti, F.L.M. Ricciar-
dolo, P.P. Massion and J.A. Nadel, 1995, Plasma extravasation in
the rat trachea induced by cold air is mediated by tachykinin
release from sensory nerves, Am. J. Respir. Crit. Care Med. 151,
1011.



