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Six aropic subjects with grass pollen allergy and six nonallergic healthy volunteers were 
enrolled into this study. Substance P-like immunoreactivity (SP-LIR) and P-endorphin-like 
immunoreactivity (BE-LIR) were determined in bronchoalveolar lavage (BAL) and nasal lavage 
(NAL) fluid% before and after allergen (grass pollen) provocation. A signijicant increase in the 
baseline concentration of SP-LIR and /3E-LIR was seen in BAL of allergic subjects. In NAL of 
allergic subjects an increased baseline concentration of SPUR was found (/3E-LIR not 
detectable). After allergen provocation there was a rise of SP-LIR and /3E-LIR in BALJEuids of 
allergic subjects immediately after provocation. In NAL jluids of allergic subjects allergen 
challenge resulted in a rise of SP-LIR within IO minutes. Allergen provocation did not influence 
SP-LIR and /3E-WR concen@ation in BAL and NAL in nonallergic controls. The demonstrated 
higher baseline levels of SPUR and /3E-LIR as well as the increase after provocation in the 
BAL and NAL of allergic subjects but not in nonallergic controls support the hypothesis that 
these neuropeptides contribute to allergic reactions in airways of humans. (J ALLERGY CLIN 
hWUNOL 1992 ;90:646-52. ) 
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One of the diagnostic features of bronchial asthma 
is airway hyperactivity to pharmacologic, environ- 
mental, and allergic stimuli. The mechanisms under- 
lying this nonspecific airway hyperactivity, although 
subject to scientific and clinical investigations, are not 
yet established. From experimental and clinical stud- 
ies it has been recognized that allergic bronchial 
asthma is a complex process not limited to an im- 
mediate mediator release by mast cells and basophils . 
Mast cells obviously are not involved in either the 
late response that follows allergen challenge or bron- 
chial hyperactivity.’ Experimental evidence exists that 
induced bronchial hyperactivity in animals is associ- 
ated with airway inflammation.* Indeed, epithelial 
damage associated with airway inflammation is a char- 
acteristic feature in asthma and may be causally related 
to the accompanying airway hyperactivity. 3-5 
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Abbreviations used 
SP-LIR: Substance P-like imrnunoreactivity 
PE-LIR: f3-endorphin-like immunoreactivity 

BAL: Bronchoalveolar lavage 
NAL: Nasal lavage 
RIA: Radioimmunoassay 
NEP: Neutral endopeptidase 

A new but controversial hypothesis integrates the 
neuropeptides, cotransmitters of classic transmitters 
in central and peripheral tissues, to the processes of 
bronchial diseases. 

Many neuropeptides have been identified in the hu- 
man airways.6 Although the precise physiologic or 
pathophysiologic role of neuropeptides in airways re- 
mains uncertain, the potent effects of these peptides 
on various aspects of airway function suggest that they 
may be involved in controlling airway tone and se- 
cretion. Neural and neuropeptide control mechanisms 
might be affected by inflammation.7 Therefore it is 
possible that defective function of neuropeptide con- 
taining nerves might be involved in bronchial hyper- 
activity and asthma.8 

A potent role for neuropeptides in asthma has been 
suggested recently, including vasoactive intestinal 
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polypeptide, neurokinin A, calcitonin gene-related 
peptide, or substance P-like immunoreactivity (SP- 
LIR).7, 9 SP-LIR is the best evaluated neuropeptide. 
It is found in sensory nerve endings that are located 
in smooth muscle, in and around blood vessels, in 
glands, and in the lateral intercellular spaces of the 
surface epithelium. Release of SP-LIR from sensory 
nerves can be induced by capsaicin or by antidromic 
vagal stimulation. Physiologic stimuli including bra- 
dykinin, histamine, and nicotine have also been shown 
to induce the release of SP-LIR.” Several effects have 
been demonstrated in vivo and in vitro. In accordance 
with the axon reflex hypothesis it was discussed that 
mechanical and chemical stimulation of sensory air- 
way nerve endings cause antidromic release of SP- 
LIR from axon collaterals, leading to secretion, va- 
sodilation, extravasation of plasma proteins, acute air- 
way obstruction in whole animals, and contraction of 
airway smooth muscle in vitro,‘, “2 ‘*-I4 but few studies 
have examined its effects on airway function in 
humans. 15. 16-18 

Other neuropeptides of the opioid family (leu-en- 
kephahn, dynorphin) were also detected in the lung 
tissue and bronchoalveolar lavage (BAL) fluids of 
rats. I9 However, opioids were mainly confined to dif- 
fuse granule-containing cells. The role of these neu- 
ropeptides in normal lung function and in pulmonary 
diseases is unknown.” Barth0 et al.” showed that the 
noncholinergic contraction of the guinea pig isolated 
main bronchi as a result of electrical stimulation were 
inhibited by a stable enkephalin peptide. This effect 
was abolished by naloxone. Naloxone alone induced 
no change in the evoked contraction of the bronchus, 
indicating that no endogenous opioid control is present 
in bronchi of untreated guinea pigs.*’ 

To get more information about the role of SP-LIR 
and opioids in the pathogenesis of allergic asthma, the 
baseline concentration of SP-LIR and B-endorphin- 
like immunoreactivity (EE-LIR) was determined in 
nasal lavage (NAL) and BAL fluids obtained from 
patients with grass pollen asthma/rhinitis and healthy 
nonallergic subjects. Furthermore, the effect of aller- 
gen provocation on SP-LIR and EE-LIR concentration 
was measured in BAL and NAL fluids of allergic 
patients in comparison with nonallergic healthy in- 
dividuals . 

MATERIAL AND METHODS 
Subjects 

The study protocol was approved by the local ethics com- 
mittee. After giving written informed consent six healthy 
nonallergic subjects (volunteers: 3 women, 3 men; age 
range, 19 to 41 years) and six patients with grass pollen 
asthmairhinitis (allergies: 2 women, 4 men; age range, 18 
to 43 years) were enrolled into the study out of season. The 

diagnosis was confirmed by history, skin prrck test, and 
radioallergosorbent test. 

The history of seasonal asthma lasted from L to 8 years. 
The following criteria for selection of allergic patients were 
used*‘: 

1. Age 18 to45years 
2. History of mild seasonal grass pollen asthmairhinitis 
3. Functional evidence of reversible obstructive airway dis- 

ease by nonspecific (histamine) and specific t grass pollen 
allergen) bronchial provocation test 

4. Normal pulmonary function for 4 weeks &fore exami- 
nation without medication 

5. FEV, immediately before lavage > 80% of the predicted 
value 

6. Total airway resistance CO.4 kPa/L!second. 
No drugs were allowed during the study. 

Bronchial provocation 

The individual allergen provocation dose was determined 
by bronchial provocation with a drop of FEV, and rise of 
airway resistance of 20% and lOO%, respectively.2’ One 
week later, bronchoscopy with adequate provocation dose 
in the right middle lobe bronchus was performed with pre- 
challenge and postchallenge BAL. BAL was repeated 8 
hours and 24 hours later, and SP-LIR as well as @E-LIR 
were determined in the BAL fluids by radioimmunoassay. 
The premeditation for the bronchoscopy consisted of the 
following drugs: 0.5 mg atropine and 0.1 mg fentanyl di- 
hydrogen citrate. Commercially available grass pollen ex- 
tracts from ALK-Scherax, Hamburg, Germany. were used 
(local provocation dose 10 to 2500 standardized quality units 
[SQUI. 

Nasal provocation 

Allergies and volunteers were challenged with grass pol- 
len extract from ALK-Scherax in increasing concentration 
of 1000 SQU/ml, 10000 SQUlml, or IOOOQO SQU!ml. 
Before the study the allergen provocation dose was deter- 
mined for each individual by titration. The challenge ma- 
terial was sprayed onto the inferior turbinate area of both 
nostrils with a plastic hand-activated nebulizer (De Vilbiss 
40; De Vilbiss Co., Somerset, Pa.). NAL was performed 
10 or 20 minutes after allergen challenge by institlation of 
5 ml normal saline (preheated to 37” C) into each nostril. 
After 10 seconds, the fluid was expelled into a plastic beaker 
and immediately placed on ice. Diluent control and four 
prewashes were done before the provocation. ’ 

Assay methods 

BAL and NAL fluids were collected in aliquots (500 
mm3), after centrifugation (10 minutes, 500 g) and removal 
of cellular elements, in cooled plastic tubes containing 0.5 
wgitube bacitracin dissolved in distilled water and frozen 
immediately. Bacitracin was used as protease inhibitor and 
antibacterial preservative. SP-LIR was directly measured in 
100 mm’ lavage fluid in triple sets and calculated to pico- 
grams per milliliter lavage fluid. A highly specific radio- 
immunoassay (RIA) was used (detection limit 1.5 fmol = 
2 pg per incubate; minimal detectable concentration IS 
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fmol/L = 20 pg per ml lavage fluid). The RIA was per- 
formed in 0.05 mol/L sodium barbital buffer, pH 8.6, con- 
taining 0.02% (wtlvol) NaN, and 2.5% (vol/vol) outdated 
human serum, and all dilutions were made in this buffer. 
A 100 mm3 volume of standard substance P or unknown 
was incubated with 100 mm3 of antiserum and 300 mm3 
buffer for 2 hours at 4” C. Then, 100 mm’ tracer (5000 
cpm) was added and kept incubated further for 20 hours at 
4” C. The antigen-antibody complex was separated from 
free antigen by charcoal adsorption as follows. A 200 mm3 
volume of 1% (wt/vol) charcoal slurry (Norit supra med) 
was added to the RIA buffer (without human serum) and 
incubated for 20 minutes at 4” C. After centrifugation the 
supematant was decanted and the radioactivity of the bound 
fraction was measured. 

‘ZsI-(p-HP)-Argl-SP was used as a tracer, with a specific 
activity of 60 to 65 TBqlmollL with 50% to 60% binding 
to the antibody in a dilution of 1: 240.000.*’ The antibody 
(M 27 from guinea pig) was directed against the C-terminal 
as well as the N-terminal sequence of SP. 

BE-LIR was directly measured in 900 mm’ lavage fluid 
concentrated by lyophilization and desolved in 300 mm’ 
RIA buffer containing 0.01 mol/L sodium phosphate buffer, 
pH 7.4 with 0.12 mol/L NaCl, 0.1% (wtlvol) NaN, and 
0.25 % (wt/vol) human serum albumin. The BE-LIR con- 
tent was calculated to picograms per milliliter lavage fluid. 
A highly specific RIA was used for detection (detection 
limit 1.4 fmol/L = 5 pg per incubate; minimal detectable 
concentration 5 fmol/L = 17 pg per ml lavage fluid). 

1ZSI-@-E was used as a tracer with a specific activity of 
70 TBq/ mmol/ L, with 20% to 30% binding to the antibody 
in a final concentration of 1: 15.000. 

The antibody M 50 from rabbit was used (prepared and 
generously supplied by A.D. Dimitriev, Institute of Psy- 
chiatry, Academy of Medical Sciences, Moscow). The RIA 
was performed as follows: 100 mm’ volume of standard or 
reconstituted unknown was incubated with 100 mm3 tracer 
(5000 cpm), 300 mm3 RIA buffer and 100 mm’ antiserum 
for 20 hours at 4” C. The separation of free from bound 
antigen was made as described above. 

SP-LIR and BE-LIR were determined with nearly quan- 
titative recoveries because of the direct measurements in the 
lavage fluids, avoiding any extraction or prepurification 
steps in the two used RIAs. 

Statistical analysis 

All results represent the mean ? SEM of six subjects. 
Independent samples (allergicslvolunteers) were compared 
with the I test. A p value less than 0.05 was considered 
significant. Statistical analysis of the multiple time points 
was performed by analysis of variance (ANOVA) by use of 
the program SPSS/PC, version 4, procedure anova. An 
alpha value less than 0.05 was considered significant. 

RESULTS 
Baseline concentration of SP-LIR and BE-LIR 
in lavage fluids from allergies 
and volunteers 

Before performing experiments on allergies and 
nonallergic controls, it was necessary to demonstrate 

that the RIAs could provide quantitative measure- 
ments and that the changes in immunoreactivity reflect 
changes in the target substance. This was done in 
preliminary experiments. These experiments showed 
that serial dilutions of nasal and bronchial samples 
produce an RIA displacement curve that paralleled 
the standard curve. Furthermore, it was shown that 
recovery of standard SP-LIR or BE-LIR that was 
added to nasal or bronchial fluids at collection was 
95% + 6% (n = 6) for SP-LIR and 98% + 5% 
(n = 6) for BE-LIR. Recovery of added neuropep- 
tides showed no significant variation at any stage in 
the experimental protocol. In addition, the cross-reac- 
tivity with fragments or related peptides was inves- 
tigated. It was shown that the antibody M 27 was 
directed against the C-terminal as well as the N-ter- 
minal sequence of SP and showed cross-reactivity to 
a remarkable degree only with the following partial 
sequences: decapeptide SP (2-l 1) 60%; nonapeptide 
SP (3-l 1) 30%; octapeptide SP (4-l 1) 26% eledoisin, 
neurokinin A, neurokinin B, angiotensin II, chole- 
cystokinin-octapeptide, (me@-enkephalin, (leu5)-en- 
kephalin, gonadotropin-releasing hormone, thyrotro- 
pin-releasing hormone, or bradykinin did not show 
any cross-reactivity (less than 0.5%). The antibody 
M 50 showed cross-reactivity to P-lipotropin of 10% 
and to a-endorphin of 2%. Gamma-endorphin, (leu5)- 
enkephalin, and (met5)-enkephalin did not cross-react 
with the antibody (less than 0.2%). 

Since peptides are known to be easily destroyed in 
vivo, early experiments (n = 3) were performed by 
collecting fluids in the presence and absence of se- 
lected concentrations of bacitracin (0, 0.25, 0.5 
kg/ sample) and synthetic substance P (8.4 
fmol/ L/ sample). These results, SP-LIR concentration 
6.80 + 0.30 fmol/L/sample without bacitracin and 
8.57 + 0.25 fmol/L/sample with 0.5 kg/sample 
bacitracin, indicate protease activity in the fluids. The 
selected concentration of bacitracin did not influence 
the radioimmunologic determination of the peptides. 
Therefore the determination of peptides was per- 
formed in the presence of bacitracin. 

The data obtained from allergies and volunteers in- 
dicate a significant difference (p < 0.01) in the base- 
line concentration of SP-LIR and PE-LIR in BAL 
fluids. The baseline concentration of SP-LIR was 6.8 
times higher in allergies compared with the volunteers, 
whereas the elevation of EE-LIR in the allergies was 
14.3 times compared with the volunteers (Table I). 

In NAL fluids there was also an elevation of SP- 
LIR in allergies compared with the baseline concen- 
tration of volunteers (1.8 times, p < 0.05). But in 
NAL fluids the elevation was not so drastic as in BAL 
fluids (Table I). 

The baseline concentration of BE-LIR in NAL 
fluids was under the detection limit. 



VOLUME 90 
NUMBER 4. PART 1 

Substance P and beta-endowbin 649 

SP pg/ml 

250 - 

200 - 

150 - 

100 - 

50 - 

o- 
Baseline 4 min 8h 

Time after provocation 
24 h 

FIG. 1. SP-LIR concentration in BAL fluids before and after intrasegmental allergen provocation 
in nonallergic subjects (volunteers, n = 6) and patients allergic to grass pollen (allergic% n =~ 6). 
*CX < 0.05 after versus before provocation. 

SP-Llf? in BAL and NAL fluids after 
ahgem provocation 

After allergen provocation there was a significant 
rise (37.9% p < 0.05) of SP-LIR in BAL fluids of 
allergies 4 minutes after provocation. The allergen- 
induced rise of the SP-LIR concentration gradually 
returned to the baseline within 24 hours (Fig. 1). 

In BAL fluids of volunteers no significant difference 
in the SP-LIR concentration before and after allergen 
provocation was found (Fig. 1). 

In NAL fluids of allergies the saline challenge re- 
sulted in a slight but not significant increase of SP- 
LIR concentration. But allergen challenge increased 
the SP-LIR concentration significantly by 53.7% 
(p < 0.05) within 10 minutes. SP-LIR concentration 
was not significantly affected by a second allergen 
challenge 10 minutes later. The elevated SP-LIR con- 
centration returned to the baseline 20 minutes after 
provocation (Fig. 2). Allergen provocation was with- 
out significant effect on SP-LIR concentration in all 
BAL and NAL fluids of volunteers (Fig. 2). 

PE-LII? in BAL fluids after 
allwgan provocation 

PE-LIR in BAL samples of allergies was affected 
by allergen provocation in the same way as SP-LIR. 
Four minutes after allergen provocation a significant 
rise of the PE-LIR concentration was detectable. The 
average rise was 110%. Twenty-four hours after al- 
lergen provocation the PE-LIR concentration returned 
to the baseline ( Fig. 3). 

TABLE I. Baseline concentration of SP and 
P-E in BAL and NAL fluids of healthy 
nonatopic subjects (volunteers) and patients 
allergic to grass (allergies). 

Substance P 
&ml 

BAL 37.0 t 9.0 253 ” 24* 
NAL 22.1 i- 4.5 241 ? 1x** 
B-endorphin 

@ml 
BAL 3.5 -+ 0.6 50 *- l6.3* 
NAL Not detectable Not detectable 

_-..--- 
*p < 0.01. 
**p < 0.05. 
Mean k SEM of six subjects in each group. 

The allergen provocation had no detectable effect 
on the PE-LIR concentration in BAL fluids of vol- 
unteers (Fig. 3). 

DISCUSSION 

The airway narrowing associated with asthma has 
previously been regarded as predominantly caused by 
contraction of smooth muscle. Now it is recognized 
that asthma is an inflammatory disease.“4 The mech- 
anism of inflammation in asthma is not completely 
understood but is associated with many inflammatory 
cells and several mediators. Since mediator release in 
the airway lumen or from the airway mucosa is likely 
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FIG. 2. SP-LIR concentration in NAL fluids before and after nasal allergen provocation in non- 
allergic subjects (volunteers, n = 6) and patients allergic to grass pollen (allergies, n = 6). NAL 
was performed 10 minutes after saline challenge (a), 10 minutes after first (b) or second (c) 
allergen challenge, and repeated 20 minutes after last allergen challenge (d). *a < 0.06 after 
versus before provocation. 

6-E pg/ml 

Baseline 4 min 0h 24 h 

Time after provocation 

FIG. 3. 6E-LIR concentration in SAL fluids before and after intrasegmental allergen provocation 
in nonallergic subjects (volunteers, n = 6) and patients allergic to grass pollen (allergies, n = 6). 
l u. < 0.05 after versus before provocation. 

to be important in the pathogenesis of airway disease,= mechanisms may have an important contribution to 
lavage techniques have been performed in patients the inflammatory reaction in the airway in addition to 
with bronchial asthma or rhinitis to study the mech- other mediators, for example, histamine, prostaglan- 
anisms underlying airway diseases.26-28 In attempts to dins, leukotrienes, platelet activating factor, and the 
understand the pathophysiology, considerable interest like. On the other hand, opioids, for example, en- 
has focused on the airway neuropeptides, especially dorphins, enkephalins, and dynorphin, play an im- 
SP-LIR, since sensory neuropeptides and neural portant role in regulatory disorders, especially after 
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activation of the sympathetic adrenomedullary axis ,‘j 
but the participation of opioids in airway diseases is 
not yet clear. 

To clarify some questions concerning the role of 
SP-LIR and PE-LIR in the pathogenesis of allergic 
asthma it was necessary to develop a specific analytic 
assay for determination. The described RlAs for SP- 
LIR and PE-LIR specifically permit the determination 
of the undecapeptide of SP-LIR and BE-LIR (p-li- 
potropin 61-91). With use of specific antibodies, no 
cross-reactivities were found with fragments or related 
peptides. Therefore these assays are suitable to de- 
termine SP-LIR and PE-LIR in human BAL and NAL 
fluids. 

The present results give clear evidence that allergic 
asthma is accompanied by an elevated baseline con- 
centration of SP-LIR and PE-LIR in lavage fluids. 
Moreover, the findings indicate that allergen provo- 
cation induces an immediate rise of the two neuro- 
peptides but only in allergic patients, which is prob- 
ably due to increased activity in sensory nerves and 
epithelial alterations. Up to now the reason for an 
increased neuropeptide concentration is speculative. 
As to SP-LIR, the following explanation is possible. 
Following the hypothesis of Barnes7 and our previous 
results”’ in allergies an abnormally elevated activity 
exists of nonadrenergic noncholinergic nerves with 
liberation of SP-LIR. Normally SP-LIR is cleaved by 
the enzyme-neutral endopeptidase (NEP). As de- 
scribed for virus-infected airway hyperactivity,3’ dam- 
age of airway epithelium leads to a loss of NEP and 
subsequently increased concentration and effects of 
SP-LIR. Both the increased nonadrenergic noncholi- 
nergic activity and the decreased NEP activity may 
contribute to an elevated baseline concentration of 
SP-LIR. 

The physiologic role of PE-LIR in the airways is 
unknown. Therefore an interpretation of the findings 
is difficult. With respect to our results it seems of 
interest that the elevation of PE-LIR differs from that 
of SP-LIR. In volunteers the baseline concentration 
of PE-LIR (3.5 pg/ml) is lower compared with SP- 
LIR (37.0 pgi ml). These data support the findings of 
Barth0 et a1.2” that no opioid control is present in 
airways. On the other hand, the baseline concentration 
of SP-LIR suggests a participation in the control of 
airway function. The elevation of SP-LIR and PE-LIR 
concentrations in allergies in relation to volunteers is 
approximately in the same range, but the elevation of 
PE-LIR (110%) after allergen provocation is more 
pronounced compared with SP-LIR (38%). It seems 
possible that under certain conditions, endogenous re- 
leased SP-LIR and PE-LIR may have different func- 
tions in the pathogenetic pathways of allergic asthma. 

Substance P and beta-ondorphin 651 

This assumption is supported by in vitro experiments 
on guinea pig isolated main bronchi indicating that 
capsaicin-induced bronchial contractions were=in 
contrast to electrical stimulation-not influenced by 
a stable enkephalin peptide, which suggests a different 
site of action.20 

In conclusion, our results give clinical evidence 
about the participation of SP-LIR and @E-LIP. in the 
pathogenesis of allergic asthma. 

The authors thank Drs. E. La&, R. Hennig, and 
S. Miiller, Research Institute for Lung Diseases and Tu- 
berculosis, Berlin-Buch, for carrying out the clinical in- 
vestigations. 
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