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Effects of B-endorphin on nasal allergic inflammation

C. R. Baumgarten, P. Schmitz, A. O’Connor and G. Kunkel
Charité, Campus Virchow-Klinikum, Allergy and Asthma Clinic, Humboldt University, Berlin, Germany

Summary

Background B-endorphin is a derivative of pro-opiomelanocortin. Cells of the immune system can
also synthesize and secrete B-endorphin. Its concentration is increased during the allergic reaction
and during stress. Increased reactivity during psychological stress of allergic subjects is also well
known.

Objective Is B-endorphin one physiological link between stress and an exacerbation of the allergic
reaction?

Methods First, intranasal f-endorphin challenges with subsequent lavages to determine histamine
and albumin levels and measurements of nasal flow and resistance in dose-response and time course
experiments were performed. Secondly, we examined whether f-endorphin pre-treatment increased
the antigen-induced release of histamine and albumin in nasal lavages and the clinical symptoms.
Results  Exogenous B-endorphin (100pM—10puM/mL) induced a dose-dependent increase in nasal
symptoms in asymptomatic allergic subjects with rhinitis (n=14) as well as in non-allergic controls
(n=10), but did not release any mediators into nasal secretion. However, comparing the antigen-
evoked release of mediators into nasal secretions with that of a B-endorphin pre-treated antigen
challenge we could note a significant enhancement of human serum albumin influx (£<0.05) and
histamine liberation (P<0.05) 10min after antigen challenge compared with the allergen challenge
alone, with also a correlation with the more pronounced decrease in nasal flow (P<0.05).
Conclusion These results suggest that f-endorphin-induced increase in nasal congestion is medi-
ated through direct neuroendocrine receptor activation independent of mast cell activation and that
during the allergic reaction there is a f-endorphin/mast cell interaction that enhances the mediator

response to nasal allergen challenge.
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Introduction

B-endorphin is an endogenous peptide opiate comprising 31
amino acids and is a derivative of pro-opiomelanocortin
(POMC). Together with the other POMC peptides, in particu-
lar corticotrophin releasing factor (CRF), adrenocortico-
trophin hormone (ACTH) and alpha-melanocyte stimulating
hormone (a-MSH), B-endorphin is a powerful immunoregula-
tor that has a direct regulatory effect on lymphoid cells,
regulating immune reactions by the stimulation of immunore-
gulatory hormones (glucocorticoids) and also by acting on the
central nervous system, which in turn generates immunoregu-
latory nerve impulses [1-3]. Peptidergic nerves are major regu-
lators of the inflammatory response. There is evidence that after
allergen-induced inflammation neuropeptide expression in af-
ferent sensory nerves in guinea-pigs is increased [4], and it has
been shown that nasal challenge of allergic humans with antigen
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as well as with bradykinin can induce the release of the neuro-
peptide, substance P [5,6].

B-endorphin is synthesized mainly in the arcuate nucleus of
the hypothalamus, and projects into several brain areas [7].
Circulating B-endorphin might derive either from the pituitary
[7], or from a number of immune cells where it is synthezised. In
recent studies it has been demonstrated that the cells of the
immune system can also express the POMC gene and synthesize
and secrete many POMC-derived peptides such as f-endorphin
and ACTH [8-10]. Human T and B lymphocytes and mono-
cytes are able upon appropriate stimulation to produce and
release B-endorphin [10-12]. Furthermore, an increase of
PBMC B-endorphin concentrations has been observed in con-
ditions when immunosuppression and the Th2 cytokine pattern
prevail, e.g. in cells obtained from HIV-positive subjects or after
stress [13,14].

Current evidence suggests that neuroimmune mechanisms
are essential in normal physiology and, on the other hand,
abnormalities contributing to the aetiology of chronic inflam-
matory diseases, allergy, and asthma. Increased baseline levels
of B-endorphin in bronchoalveolar lavage fluid of allergic
subjects and a dose-dependent increase in f-endorphin levels
following a segmental intrabronchial antigen challenge in

© 2002 Blackwell Science Ltd



allergic patients [5] suggest a neural activity in man. As the
concentration of B-endorphin rises significantly during stress-
induced situations in the plasma of humans [22,23], the obser-
vation of increased reactivity during psychological stress of
allergic subjects supports the hypothesis that mast cell degranu-
lation is modulated by neural activity. B-endorphin seems to be
one physiological link between the psychological phenomenom
of stress and the physical manifestation of the allergic response,
for example an asthma attack. Indeed, we could show in earlier
studies that the tachykinin substance P enhances the antigen-
evoked mediator release to nasal allergen challenge [24].

We now demonstrate that intranasal administration of
B-endorphin strengthens the allergic response, apparently by
making the patient more sensitive to the allergen.

Materials and methods

Subjects

A total of 14 volunteers, with a history of seasonal or perennial
allergic rhinitis and a positive skin prick test response to grass
pollen or house-dust mite antigen and specific IgE levels with a
CAP class >2, were recruited (eight females, six males, age
range 20-40years). Ten healthy controls (five females, five
males, age range 19-50years) were also recruited. Subjects pre-
senting with any evidence of respiratory tract infection or nasal
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polyposis, were excluded. No subject was taking medication at
the time of, or in the 2weeks prior to, the study, nor had any
subject received immunotherapy. The study was performed 3
months before the beginning of the pollen season. All subjects
gave their informed consent. The study was approved by the
local ethics committee at the Humboldt University Berlin.

Materials

B-endorphin (NOVA Biochem, Schwalbach, Germany) was
prepared in 0.9% sterile saline with 0.25% human serum albu-
min, which also served as the control. It was applied to the nasal
cavity using a mechanical nasal pump spray that delivered a
volume of 0.ImL per actuation. The device produces wide-
spread distribution of the given fluid in the nasal cavity. Fresh
solutions were made each day from stock solutions stored at
—20°C, and were allowed to equilibrate with room temperature
prior to administration.

The technique of nasal challenge with subsequent lavage has
previously been described in detail [25,26]. Briefly the nasal
lavage was carried out by instilling SmL sterile saline into
each nostril, using a syringe with a nasal olive attached.
Subjects were positioned with the head bent forward, to prevent
loss of fluid into the nasopharynx. The lavage fluid was passed
into the nasal cavity and back into the syringe after 10s before
being collected in polypropylene tubes and stored on ice.
Recovery by this method was 89 + 10%.
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Fig. 1. (a) The experimental protocol of the first part of the study. Increasing dosages of B-endorphin were applied to the nasal mucosa of normal
volunteers and patients with allergic rhinitis at 10-min intervals to determine dose-responses. Flow and resistance measurements were performed 5min
after each B-endorphin application. (b) Time-course experiments with 0.1pM—100nM B-endorphin with determinations of NAR and nasal flow (1, 2, 5and
10min later) and consecutive nasal lavages (2, 5, 10min later, following 100nM B-endorphin). (c) The experimental protocol of the third part of the study.
The allergic patients underwent a sequence of three successive nasal allergen challenges (Ag 1-3), each followed by two nasal lavages at 10- and 20-min
intervals. Each challenge with the antigen was separated by 35min. Five minutes before the second nasal allergen challenge a $-endorphin (100nm/mL
B-endorphin in each nostril) or saline control was performed. Dil = diluent (albumine buffered saline).
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The nasal flow decease was determined by anterior rhino-
manometry using a WinRhino PC-Rhinomanometer 600
(Allergopharma J. Ganzer, Reinbek, Germany). The rhinoma-
nometry allows an objective and quantifiable statement to be
made about the patency (resistance characteristics) of the nose.
In physical terms, the resistance may be described by the air flow
through the nose as a function of the inspiratory and expiratory
pressure difference between the two choanae and the area in
front of the nostrils. The rhinomanometer records the two
quantities synchronously in physiological terms by measuring
the subjects’ spontaneous breathing. A positive nasal provoca-
tion will cause a reduction of flow at P=150 Pascal, by 40% or
more, compared with the flow at P=150 Pascal of the diluent
measurement.

For each determination of flow, triplicate measurements were
made on each side of the nasal airway. Data are presented as the
mean flow of both sides (cm?¥/s).

Each patient and normal volunteer was provided with a symp-
tom score card on which the nasal symptoms were recorded
at the same time as the lavages following the B-endorphin
challenge. The symptoms of nasal blockage, rhinorrhea and
nasal itching were rated on a four-point scale with 0=no symp-
toms, 1=mild, 2=moderate and 3=severe symptoms. A com-
posite nasal symptom score was then calculated from the
individual symptoms as previously described [27].

Study design

In each protocol, four initial washes were performed to remove
any pre-existing mediators, and the fourth wash retained and
used as a baseline. The subjects were than challenged with saline

control (albumin buffered saline) and nasal lavages were per-
formed 10min after the diluent challenge.

In the first part of the study increasing doses of f-endorphin
(100pM—10puM/mL) were applied topically to the nasal
mucosa of 10 normal volunteers and 14 patients with allergic
rhinitis at 10-min intervals to determine dose-responses. Nasal
lavages and flow and resistance measurements were performed
Smin after each B-endorphin application (Fig. 1a). In the ab-
sence of B-endorphin challenge, repetitive saline lavages did not
induce changes in nasal flow. Furthermore, sequential expos-
ures at 10-min intervals with the same dose of B-endorphin
revealed similar decreases of nasal flow, which excludes a cumu-
lative effect due to carryover from the previous challenge. The
effect of B-endorphin was not influenced by an oral pre-medica-
tion with 1.34mg clemastinhydrogenfumarat (n=7) (Tavegil,
Novartis Consumer Health; Munich, Germany) 60 min prior to
the challenge.

In the second part, time-course experiments with increasing
doses of B-endorphin (100pM—10pum/mL) were carried out
with consecutive determination of nasal airway resistance
(NAR) and nasal flow (1, 2, 5 and 10min later). In addition,
nasal lavages (2, 5 and 10min later) were performed after 100
nM B-endorphin application (Fig. 1b). The lavage fluid was
processed for the chemical analysis of histamine, tryptase and
albumin as described below.

In the third part of the study we examined whether -endor-
phin increased antigen-induced release of histamine and albu-
min. The allergic subjects underwent a sequence of three
successive nasal allergen challenges, each followed by two
nasal lavages at 10- and 20-min intervals and determination of
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Fig. 2. Endonasal challenges of both groups with increasing dosages of B-endorphin (100pM—10puM/mL) induced dose-dependent decrease in nasal
flow representing mainly symptoms of nasal congestion. The decrease in nasal flow was already significant after administration of 0.5nM B-endorphin
(P < 0.05) and reached a level of P < 0.001 with the higher doses of B-endorphin used (baseline vs. 100nM B-endorphin challenge). Black bars=13

allergic patients without symptoms, grey bars=10 controls.
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nasal flow and NAR. Each challenge with the grass pollen or
dust mite allergen (5000 SBE/mL of a commercial preparation,
Allergopharma J. Ganzer) was separated by 35min, according
to the experiences of earlier studies [5,24-26]. Fiveminutes prior
to the second nasal allergen challenge subjects received a nasal
spray of B-endorphin (100nM B-endorphin in each nostril) (Fig.
Ic). With a minimum time interval of 4weeks between both
experiments these allergic subjects underwent another sequence
of three successive nasal allergen challenges, each followed by
two nasal lavages at 10- and 20-min intervals and determination
of nasal flow and NAR, but 5min before the second nasal
allergen challenge they received a nasal spray of saline control
(albumin buffered saline).

Biochemical analysis

Histamine was measured as previously described [26]. In brief,
0.8-mL aliquots for histamine analysis were mixed with 0.2mL
of 8% HCl0,, centrifuged and the supernatants were assayed by
an automated fluorometric technique capable of detecting 0.5
ng/mL of histamine [28].

Tryptase in nasal lavage fluid was analysed by using the
Pharmacia UniCap system (Pharmacia Diagnostics, Freiburg,
Germany). A monoclonal antitryptase antibody is used for the
detection of tryptase in this system. The samples were assayed
according to the instructions of the manufacturers. The concen-
tration of tryptase is expressed as nanograms per millilitres, and
the lower limit of detection was 1 ng/mL.

Recovery experiments and tests of samples in various dilu-
tions confirmed the absence of interference in nasal lavage fluid.
B-endorphin (final concentration, 10uM/mL) did not interfere
with the measurement of tryptase in the lavage fluid samples.

Human serum albumin (HSA) in the lavage samples was
determined by using an ELISA as follows: an immunosorbant
microtitre plate (NUNC, Wiesbaden, Germany) was coated
with HSA (Spg/mL) and incubated overnight at 4°C. Non-
specific binding sites were blocked with 1% BSA, incubated
for 1h at room temperature and washed with TRIS buffer.
Appropriate dilutions of the samples and HSA standard
(Sigma Chemicals, Munich, Germany) were placed on a
Greiner microtitreplate; 1-100000 dilutions of purified mouse
anti-HSA (Pierce, Germany) were added and incubated for
another hour at 37°C. Then 150pL were transferred to the
coated NUNC plate and incubated for 1h, then washed three
times with TRIS buffer and incubated with alkaline phosphat-
ase-conjugated AffiniPure goat antimouse IgG (Dianova,
Hamburg, Germany) 1-1000 dilution for 1h. The wells were
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then washed four times and the reaction was developed with p-
nitrophenyl phosphate (Sigma Chemicals) and the absorbance
was read at 405nm. The assay standard curve for HSA ranged
from 9.76 (minimum detectable dosage) to 5000ng/mL. All
biochemical measurements carried out in a blinded fashion.

Statistical analysis

Statistical analysis was performed on an IBM compatible per-
sonal computer using the software STATGRAPHICS (STSC
Inc., Rockville, MD, USA). The dimensions of the nasal airway
vary between subjects and also within subjects from day to day,
and so the data have been normalized by expressing changes in
nasal flow as a percentage of the baseline value (control meas-
urements following diluent). In all studies, the comparisons
were made between active treatment and saline control.
Independent samples (allergic subjects/controls) were com-
pared using the Mann-Whitney U-test. Differences between
dependent samples (pre/post-B-endorphin) were tested for sig-
nificancy with the Wilcoxon matched pairs signed rank test, and
values of P<0.05 were taken as significant.

Results

Pre-challenge nasal flow and resistance were similar in the con-
trols and in the patients suffering from allergic rhinitis. Nasal
flow and resistance were not significantly affected by the saline
challenges. Endonasal challenges with increasing dosages of
B-endorphin (100pM—100uM/mL) caused a dose-dependent
decrease in nasal flow from baseline Smin after challenge (P
<0.05 for < 500pM) and were also similar in both groups
(Fig. 2). Furthermore, the quantitative response to f-endorphin
challenge was identical in the presence and absence of a potent
H,-antagonist. Clinical symptoms were nasal congestion paral-
lel to nasal flow changes and, to a very low extent, nasal itching
but no hypersecretion (Table 1). Systemic reactions or sensa-
tions were not observed in any case, even with the highest
challenge dose.

The time-course experiments with changes of nasal flow from
baseline following B-endorphin challenges are shown in Fig. 3,
upper panel. These findings denote clearly increased nasal re-
sponsiveness, mediated by increased dosages. The highest
changes in nasal flow were already seen 1-2min following [3-
endorphin challenge for all dosages used. The lower the concen-
tration of B-endorphin used, the earlier these changes in flow
diminished.

Table 1. The composite nasal symptom scores (mean + SEM), calculated from the individual symptoms (nasal blockage, rhinorrhea and nasal itching)

in 10 control and 13 allergic individuals 5min after 0.1-10000nM B-endorphin challenge

Dose (nM B-endorphin) Controls Allergic subjects

0.1 0.9+0.27 0.9+0.18
1.3+0.26 1.2+0.12

1 2.1+0.23 2.2+0.15

10 29+0.18 2.8+0.20

50 3.5+0.22 3.0+ 0.16

100 4.7+0.21 3.8+0.19

1000 49+0.23 41+0.18

10000 4.7 +0.15 3.9+0.14

The observed differences between controls and allergic subjects at each dosage are not significant.
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In all subjects, B-endorphin challenges did not result in an
increase in mediators measured (Fig. 3, lower panel, shows
the result for albumin and histamine following 100nM
B-endorphin). Especially the levels of histamine in the lavage
fluid did not show any significant changes over baseline level,
and the levels of tryptase were always under the minimum
detectable dosage of the assay, indicating that changes in
nasal flow were not mediated by mast cell degranulation or
influx of plasma constituents. These data indicate that
B-endorphin causes nasal obstruction without histamine release
or vascular leak.

Antigen provocation resulted in a decrease in percentage of
nasal flow 10 and 20min later (P<0.001) (Fig. 4, upper panel).
Antigen challenge caused a significant increase in the histamine
(P<0.001) and albumin levels (P<0.05) in the nasal lavage

fluids, both 10 and 20min later, compared with diluent control,
as shown in Figs 5 and 6. Following pre-treatment with
saline, there were no differences in the nasal flow measured
and the mediator profile of the lavage samples taken after the
second/following antigen provocation (Figs 4-6, upper panel).
However, provocation with B-endorphin 5min before the
second antigen challenges induced a significant increase in his-
tamine (P<0.05) and albumin (P<0.05) in nasal lavage fluid,
compared with the first antigen challenge (Figs 5 and 6, lower
panel). The size of the effects on albumin and histamine is a
twofold change/increase compared with antigen alone. All al-
lergic patients noted nasal blockage, rhinorrhoea and sneezes
but no systemic reactions during the repeated antigen challenge
procedures. The symptoms did not differ following sequential
antigen challenges (three challenges with saline pre-treatment
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Fig. 3. The time-course experiments showing the changes between diluent- and B-endorphin-induced nasal flow (upper panel). The highest changes in
flow were seen already 1-2min following challenge for all dosages of -endorphin. The lower the concentration of -endorphin used, the earlier these
changes in flow diminished. The lower panel shows the results for histamine and albumin following 100nM B-endorphin: there is no significantchange in
the levels of these markers in the nasal lavage fluid and also no significant difference between normal subjects and allergic subjects in all experiments.
The values are given as means. n=13 (six controls and seven allergic patients without symptoms).
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Fig. 4. The nasal flow induced by appropriate antigen challenge with or without pre-treatment with f-endorphin 5min before the second antigen
challenge. Data are means + SEM from 14 asymptomatic allergic patients. Significant decrease in nasal obstruction for the 3-endorphin pre-treatment

shown, compared with antigen alone.

before the second challenge). The second B-endorphin pre-
treated antigen challenge resulted in a significant increase of
symptoms (not shown). Parallel to the symptom and mediator
responses a more pronounced nasal airway flow reduction was
seen in the B-endorphin pre-treated challenges (P<0.05) (see
Fig. 4, lower panel).

Discussion

Neurogenic inflammation plays a role in pathological condi-
tions that include allergy, rhinitis, arthritis and gastrointestinal
hypersensitivity [29-33]. Nasal symptoms have been attributed
to the sympathetic and parasympathetic nervous system and the
non-adrenergic non-cholinergic nervous system [34-36]. The
distribution of peptidergic nerve fibres along gland acini and
blood vessel walls strongly suggests their regulatory role in the
secretory and vascular function of the nasal mucosa [37].
Hyper-responsiveness by neuronal stimulation may manifest
as increased activity of the afferent, efferent, or even the elem-
ents of a central, reflex. The activation of peptidergic nerve
fibres with local release of neuropeptides, demonstrated in
nasal mucosa of rodents [38,39] and humans [6], when epithelial
mucosa injury or mast cell degranulation occurs, and the re-
sponsiveness of the nasal mucosa to neuronal stimulation in

© 2002 Blackwell Science Ltd, Clinical and Experimental Allergy, 32:228-236

allergic subjects [24] reflects the direct secretagogue effect of
neuropeptides released as part of an axonal reflex.

Bradykinin, neurotensin, VIP, acetlycholine and noradren-
aline [40-43] have all been demonstrated to induce or enhance
mast cell histamine release. However, mast cell production
of certain cytokines can occur independently of the release of
other mediators, e.g. histamine. Substance P has been shown
to be capable of inducing an immediate release of TNF-o
from rat mast cells at concentrations below those required to
induce histamine release [44]. We have recently demonstrated
that exogenous substance P induces nasal obstruction in a
dose-dependent manner in normal subjects and patients with
allergic rhinitis without classical mast cell degranulation [24].
The latter observation could also be explained by mast cell
production of pro-inflammatory cytokines, which remains to
be explored.

Similarly, we now have shown that exogenous B-endorphin
induces nasal obstruction in a dose-dependent manner in both
normal volunteers and patients with allergic rhinitis under con-
ditions that do not induce histamine release or leakage.

One possible explanation could be that f-endorphin induces
an unknown cytokine production by mast cells. As the only
symptom was nasal blockage, it could be that the primary effect
of B-endorphin was mediated through a direct neurokinin
and/or other neuropeptide receptor activation.
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challenge procedures without pre-treatment of B-endorphin are not significant.

There is also evidence for nerve-mast cell interaction modu-
lating the mast cell function. Masini et al. [45] demonstrated
mast cell activation following stimulation of the viridan nerve in
patients with chronic hypertrophic non-allergic rhinitis, and in
the study mentioned above we have shown that substance P
enhances the antigen-dependent histamine release from human
nasal mucosa [24].

In asthma the role of psychological factors in disease exacer-
bation has been extensively reviewed [46,47]. However, there
are few experimental data that directly implicate a neuroim-
mune/mast cell interaction or an interaction of elements of a
central reflex with mast cells as a mechanism of disease modu-
lation in man.

Higher baseline levels of B-endorphin in asthmatic patients
compared with normal subjects, the demonstrated release of
B-endorphin to local antigen challenge [6], and their production
by cells of the immune system such as B and T lymphocytes and
monocytes [10-12], suggest such a modulation, e.g. a mast cell
interaction.

Although we could not demonstrate a B-endorphin-induced
mediator secretion in the nose, we could provide direct evidence
for this B-endorphin—mast cell interaction by a significant

increase of histamine concentrations in the lavage. As demon-
strated in the present study, pre-treatment of the nasal mucosa
with B-endorphin leads to an augmentation of the [gE-mediated
mediator release.

Together with the observation that f-endorphin rises signifi-
cantly during stress-induced situations [22,23], B-endorphin
seems to be one physiological link between the psychological
phenomenon of stress and the physical manifestation of an
enhanced allergic response. These observations provide direct
evidence that the immune system interacts with the neuroendo-
crine system. We believe that the central nervous system is the
highest immuno-regulatory organ controlling immune and in-
flammatory reactions, with the aid of classical hormones,
neurotransmitters and neuropeptides. The psychological stress
of allergic subjects, combined with increased reactivity of these
patients, possibly leads to a hyperactivity of the immune system.

In summary, we have shown that exogenously applied
B-endorphin induces nasal congestion in allergic rhinitis and
control subjects, without a PB-endorphin-induced mediator
release. However, in the atopic group we were able to demon-
strate a B-endorphin-mast cell interaction enhancing the aller-
gic inflammatory response.
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Fig. 6. Effect of successive nasal antigen challenge (Ag1to Ag3), with or without pre-treatment with B-endorphin, 100nM, prior to the second antigen
challenge, on the concentrations of albumin in the nasal lavage fluid. Data are means + SEM from 14 asymptomatic allergic patients. B-endorphin given
with allergen caused a large change in albumin, compared with allergen alone. The differences between albumin levels of the allergen challenge
procedures without pre-treatment of B-endorphin are not significant.

References 10 Buzetti R, McLoughlin L, Lavender PM et al. Expression of

proopiomelanocortin gene and quantification of

1 Reichlin S. Neuroendocrine-immune interactions. N Engl J] Med adrenocorticotropin hormone-like immunoreactivity in human
1993; 329:1246-56. normal peripheral cells and lymphoid and myeloid malignancies.

2 Panerai AE, Manfredi B, Granucci F et al. The B-endorphin J Clin Invest 1997; 83:47-56.
inhibition of mitogen-induced splenocyte proliferation is mediated by 11 Blalock JE. A molecular basis for bidirectional communication
central and peripheral paracrine/autocrine effects of the opioid. between the immune and neuroendocrine system. Physiol Rev 1989;
J Neuroimmunol 1995; 58:71-6. 69:1-32.

3 Groman CJ. Bilateral Communication Between the Endocrine and 12 Manfredi B, Clementi E, Sacerdote P et al. Age related changes in
Immune Systems. New York: Springer-Verlag, 1994. mitogen induced B-endorphin release from human peripheral blood

4 Fischer A, McGregor GP, Saria A, Phillippin B, Kummer W. mononuclear cells. Peptides 1995; 16:699-706.

Induction of tachykinin gene and peptide expression in guinea pig 13 Barcellini W, Sacerdote P, Borghi MO et al. -endorphin content in
nodosa primary afferent neurons by allergic airway inflammation. HIV-infected HuT78 cell line and in peripheral lymphocytes from
J Clin Invest 1996; 98:2284-91. HIV-positive subjects. Peptides 1994; 15:769-75.

5 Baumgarten CR, O’Connor A, Dokic D, Schultz KD, Kunkel G. 14 Sacerdote P, Manfredi B, Bianchi M et al. Intermittent but not
Substance P is generated in vivo following nasal challenge of allergic continuous inescapable footshock stress affects immune responses
individuals with bradykinin. Clin Exp Allergy 1997; 27:1322-7. and immunocyte -endorphin concentrations in the rat. Brain

6 Nieber K, Baumgarten CR, Rathsack R et al. Substance P and Behav Immun 1994; 8:251-60.

B-endorphin-like immunoreactivity in lavage fluids of subjects with 15 Daynes RA, Robertson BA, Cho BH, Burnham DK, Newton R.
and without allergic asthma. J Allergy Clin Immunol 1992; a-Melanocyte stimulating hormone exhibits target cell selectivity in
90:646-52. its capacity to affect interleukin-1-inducible responses in vivo and in

7 Olson GA, Olson RD, Kastin AJ. Endogenous opiates. Peptides vitro. J Immunol 1987; 139:103.

1995; 17: 1421-66. 16 Cannon JG, Tatro JB, Reichlin S, Dinarello A. a-Melanocyte

8 Sacerdote P, Breda M, Barcellini W et al. Age-related changes of stimulating hormone inhibits immunostimulatory and
B-endorphin and cholecystokinin in human and rat mononuclear inflammatory actions of interleukin-1. J Immunol 1986; 137:2232-9.
cells. Peptides 1991; 12:1353-6. 17 Smith EM, Hughes TKJ, Hashemi F, Stefano GB. Immuno-

9 Lyons P, Blalock JE. Proopiomelanocortin gene expression and suppressive effects of corticotropin and melanotropin and their
protein processing in rat mononuclear leukocytes. J Neuroimmunol possible significance in human immunodeficiency virus infection.
1997; 78:47-56. Proc Natl Acad Sci USA 1992; 89:782-90.

© 2002 Blackwell Science Ltd, Clinical and Experimental Allergy, 32:228-236



236 C. R. Baumgarten et al.

18

19

20

21

22

23

24

25

26

27

28

29

30

3

—

32

Chowdrey HS, Lightman SL, Harbuz MS, Larsen PJ, Jessop DS.
Contents of corticotropin-releasing hormone and arginine
vasopressin immunoreactivity in the spleen and the thymus during a
chronic inflammatory stress. J Neuroimmunol 1994; 53:17-26.
Bhardwaj RS, Schwarz A, Becher E et al. Pro-opiomelanocortin-
derived peptides induce IL-10 production in human monocytes.

J Immunol 1996; 156:2517-21.

Manfredi B, Sacerdote P, Bianchi M et al. Evidence of an opioid
inhibitory tone on T—cell proliferation. J Neuroimmunol 1993;
44:43-48.

Panerai AE, Sacerdote P. f-endorphin in the immune system: a role
at last? Immunol Today 1997; 18:318-9.

Dubois M, Pickar D, Martin R et al. Surgical stress in humans is
accompanied by an increase in plasma p-endorphin
immunoreactivity. Life Sci 1981; 29:1249-60.

Giuffre KA, Udelsmann R, Listwak S et al. Effects of immune
neutralization of corticotropin-releasing hormone
adrenocorticotropin and -endorphin in the surgically stressed rat.
Endocrinology 1988; 122:306-16.

Baumgarten CR, Witzel A, Kleine-Tebbe J, Kunkel G. Substance P
enhances antigen-evoked mediator release from human nasal
mucosa. Peptides 1997; 17:25-30.

Brunnee T, Nigam S, Kunkel G, Baumgarten CR. Nasal challenge
studies with bradykinin: influence upon mediator generation. Clin
Exp Allergy 1991; 21:425-31.

Naclerio RM, Meier HL, Kagey-Sobotka A et al. Mediator release
after nasal airway challenge with allergen. Am Rev Respir Dis 1983;
128:597-602.

Svensson C, Baumgarten CR, Pipkorn U, Alkner U, Persson CGA.
Reversibility and reproducability of histamine induced plasma
leakage in nasal airways. Thorax 1989; 44:13-8.

Siraganian RP. An automated continuous-flow system for the
extraction and fluorometric analysis of histamine. Anal Biochem
1974; 57:383-94.

Foreman JC. Neuropeptides and the pathogenesis of allergy.
Allergy 1987; 42:1-11.

Lundblad L, Lundblad JM, Anggard A, Zetterstrom D. Capsaicin-
sensitive nerves and the cutaneous allergy reaction in men. Possible
involvement of sensory neuropeptides in the flare reaction. Allergy
1987; 42:20-5.

Rajakulasingam K. Neural control of rhinitis. Clin Exper Allergy
1994; 24:897-8.

Denko CW, Gabriel P. Effect of peptide hormones in urate crystal
inflammation. J Rheumatol 1985; 12:971-5.

33

34

35

36

38

39

40

4

—_

42

43

44

45

46

47

McKay DM, Bienenstock J. The interaction between mast cells
and nerves in the gatrointestinal tract. Immunol Today 1994;
15:533-8.

Fowler EP Jr. Unilateral vasomotor rhinitis due to interference
with the cervical sympathetic system. Arch Otolaryng 1943;
37:710-2.

Malcomson KG. The vasomotor activities of the nasal mucous
membrane. J Laryng Otol 1959; 73:73-98.

Anggard A. Vasomotor rhinitis — pathophysiological aspects.

J Rhinol 1979; 17:31-5.

Baraniuk JN, Lundgren JD, Okayama M et al. Substance P and
neurokinin A in human nasal mucosa. Am J Respir Cell Mol Biol
1991; 4:228-36.

Lundblad L. Protective reflexes and vascular effects in the nasal
mucosa elcited by activation of capsaicin-sensitive substance
P-immunoreactive trigeminal neurons. Acta Physiol Scand 1984;
529 (Suppl.):1-42.

Uddman R, Malm L, Sundler F. Substance P-containing nerve
fibers in the nasal mucosa. Arch Otorhinolaryngol 1983;

238:9-14.

Church MK, Lowman MA, Robinson C, Holgate ST, Benyon RC.
Interaction of neuropeptides with human mast cells. Int Arch
Allergy Appl Immunol 1989; 88:70.

Shanahan F, Lee TDG, Bienenstock J, Befus AD. The influence of
endorphins on peritoneal and mucosal mast cell secretion. J Allergy
Clin Immunol 1984; 74:499-504.

Goetzl EJ, Chervov T, Renold F, Payan DG. Neuropeptide
regulation of the expression of immediate hypersensitivity.

J Immunol 1985; 135:802-5S.

Masini E, Fantozzi A, Conti A et al. Histamine release by
immunological mechanisms. Immunological modulation of
cholinergic histamine release in isolated rat mast cells. Agents
Actions 1985; 16:152-4.

Marshall JS. Chronic mast cell activation and the regulation of mast
cell populations. FASEB J AS 1992; (abstract) 462.

Masini E, Rucci L, Cirri-Borghi MB, Gianella E, Mannaioni PF.
Stimulation and resection of vidian nerve in patients with chronic
hypertrophic nonallergic rhinitis: effect of histamine content in nasal
mucosa. Agents Actions 1986; 18:251-3.

Teiramaa E. Psychic disturbances and severity of asthma.

J Psychosomatic Res 1978; 22:401-8.

Teiramaa E. Psychosocial and psychic factors at onset of asthma.

J Psychosomatic Res 1979; 23:27-37.

© 2002 Blackwell Science Ltd, Clinical and Experimental Allergy, 32:228-236



