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The activation of mast cells is generally considered to be an important trigger mechanism 
in the immediate allergic response. This study focused on the determination of three 
markers of mast cell activation after an allergen challenge. Nasal allergen challenges were 
performed in 25 subjects with seasonal allergic rhinitis using three allergen doses 
increasing in 10-fold steps in a standardised nasal lavage model for the subsequent 
recovery of the markers of mast cell activation. The levels of histamine and tryptase in the 
nasal lavage fluid were determined using radioimmunoassays, while the TAME-esterase 
activity was determined using a radiochemical technique. The nasal symptoms obtained 
on challenge were assessed using a scoring technique. The allergen challenge resulted in 
significant increases in the levels of all three markers, tryptase, histamine and TAME- 
esterase. In the individual measurements after the challenges there was a highly signifi- 
cant correlation between the TAME-esterase levels and the tryptase levels (r = 0.71; P < 
0.001), while the generation of histamine and tryptase was not significantly correlated. 
When comparing the cumulative generation of the three markers, significant correlations 
were found between all three. Allergen challenges in six non-allergic controls using the 
same technique did not result in any increase in tryptase levels. The findings suggest that 
the determination of tryptase in nasal lavage fluid may be a valuable indicator of mast 
cell activation in the upper airways. 
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The activation of mast cells is generally con- 
sidered to be an important trigger mechanism in 
the immediate allergic response (7 ,  8, 13). The 
activation of mast cells by the interbridging of 
surface IgE on the mast cells leads to the release 
of preformed mediators such as histamine (13). 
It has also been shown that the activation of 
mast cells is accompanied by the release of 
tryptase, the major neutral protease in the mast 
cells (21, 24). It has been suggested that this can 
be used as a marker of mast cell activation, 

since most mediators including histamine may 
also come from other sources, such as basophils. 
Furthermore, in contrast to several of the other 
mediators, the half-life of released tryptase is 
considerably longer and may therefore be de- 
tected within another time-frame than other 
markers of cell activation (24). 

The most accessible part of the airway 
mucosa is that in the upper airways, which 
makes it suitable for studies of the pathophysiol- 
ogy of allergic airways mucosa (16). It is pos- 
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sible to study pathophysiological events by re- 
peated sampling of cells and cell surface liquids 
in relation to functional measurements both in 
the challenge setting and during natural aller- 
gen exposure (2, 15, 17, 18). It has also been 
suggested that it is possible to show changes in 
local tryptase levels as a result of the allergen 
exposure of nasal mucosa (5). The aim of the 
present study was to explore any dose-response 
relationship between allergen exposure and the 
local release of tryptase. Further, we intended to 
study the relationship between the local gener- 
ation of tryptase and the levels of histamine and 
TAME-esterase activity. 

MATERIAL AND METHODS 

Study design 

The study was designed as a nasal allergen 
challenge study of 25 patients with strictly sea- 
sonal allergic rhinitis. A similar procedure was 
used in six normal controls. A nasal lavage 
technique was used to monitor changes in local 
levels of tryptase, histamine and TAME-este- 
rase activity, The study was performed during 
pollen-free winter months. At least 2 weeks after 
a preparatory interview, including a diagnostic 
allergen challenge, the patients were subjected 
to the nasal allergen challenge of this study. 

Subjects 

Twenty-five patients (19 men and 6 women), 
aged 21-47 years (mean age 27.8 years), with 
strictly seasonal allergic rhinitis entered the 
study, which was performed during the winter 
months of January to March 1989. They all had 
a positive history of birch and/or timothy pollen 
allergy without any dermal or bronchial mani- 
festations. Their allergy had been verified by a 
positive skin prick test and a positive nasal 
allergen challenge. Six non-atopic controls were 
studied. They were volunteers from the labora- 
tory staff, five men and one woman with a 
mean age of 31.8 years (range 24-40). The 
nasal lavage fluids from the controls were only 

analysed with regard to tryptase. None of the 
controls had nasal symptoms and they were all 
negative to nasal challenges with a panel of 
pollen extracts, as well as being negative in skin 
prick tests and RAST tests. Informed consent 
was obtained from each individual and the trial 
was approved by the Ethics Committee of Goth- 
enburg University. 

Nasal challenge procedure 

A challenge procedure involving nasal lavages 
for the harvesting of mediators was used. The 
technique has previously been described in de- 
tail (14). Briefly, the procedure started with 3 
quick lavages with 10 ml of saline, 5 ml into 
each nasal cavity, with the head tilted back- 
wards during closure of the soft palate. Lavages 
were then performed at constant 10 min in- 
tervals. Each of the lavages, starting with the 
fourth, was immediately followed by the admin- 
istration of a challenge agent, the sequence be- 
ing oxymethazoline, diluent, diluent 100 Bio- 
logical Units (BU) of allergen (birch or 
timothy), 1,000 BU and, finally, 10,000 BU. 
Each lavage was designed to harvest the result 
of the preceding challenge, as shown in Fig. 1. 
The lavage fluid was immediately chilled and 
then aliquoted and frozen for the subsequent 
analysis of the levels of histamine, tryptase and 
TAME-esterase activity. Each patient and nor- 
mal subject was given a diary card on which the 
nasal symptoms were to be recorded at the same 
time as the lavages. The symptoms of nasal 
blockage, secretion, nasal itching and sneezing 
were rated on a 4-point scale where 0 = no 
symptoms, 1 = mild, 2 = moderate and 3 = se- 
vere symptoms. A composite symptom score 
was calculated from the individual symptoms. 

Biochemical analysis 

The TAME-esterase activity was measured in 
the nasal secretions using a radiochemical 
method originally described by Imanari et al. 
(9) and adapted for the nasal challenge proce- 
dure (14). The detection of histamine using 
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monoclonal antibodies was performed using an 
Immunotech Histamine RIA assay (Immuno- 
tech, Marseille, France) (10, 12). In the present 
study, the determination of histamine was 
carried out in accordance with the manufac- 
turer’s instructions. In the RIA, 100 p1 of nasal 
lavage fluid was acylated after centrifugation by 
adding 1 mg of acylating reagent and 50 pl of 
borate buffer, pH 8.2. 1 ml of 1251-labelled ace- 
tylated histamine was then added. The mixture 
was incubated for 18 h at 4°C in tubes coated 
with anti-acylated histamine monoclonal anti- 
bodies and then the tubes were counted in a 
gamma counter. Tryptase in the lavage fluid 
was analysed with a modified Pharmacia Tryp- 
tase RIACT assay (Pharmacia Diagnostics AB, 
Uppsala, Sweden) using two monoclonal anti- 
bodies for tryptase (16, 17). In the RIACT, 
50p1 of nasal lavage fluid, 50 p1 of sample 
diluent and 50 p1 of 1251-labelled anti-tryptase 
antibody were simultaneously added to plastic 
tubes coated with anti-tryptase antibody. After 
incubation overnight, the tubes were washed 
three times and then counted in a gamma coun- 
ter. The lower limit of detection for the assay is 
less than 0.5 ngiml (Enander I. et al., to be 
published). 

Statistics 

The statistical analysis was performed on a 
microcomputer using a statistical software pack- 

- =Tima axis: I =Challenge agenl; 1=Nasai lavage; 
* =Lavage sample saved for analysis 

Fig. 1. The nasal lavage procedure. After 3 quick lavages 
with 5 ml of saline into each nasal cavity, the lavages were 
performed at constant 10 min intervals. Each lavage, starting 
with the fourth, was immediately followed by the admini- 
stration of a challenge agent. 

age. An analysis of variance was used to see 
whether there were any statistically significant 
differences between the repeated observations. 
A further analysis was made using Student’s 
t-test (two-tailed). Any putative correlations be- 
tween the levels of the different markers were 
analysed using a regression analysis. 

RESULTS 

As expected, the allergen challenges induced a 
dose-dependent increase in nasal symptoms as 
shown in Fig. 2.  Correspondingly, there was a 
dose-dependent increase in TAME-esterase ac- 
tivity as well as in the levels of tryptase in the 
lavage fluid; this is also shown in Fig. 2. Com- 
pared to the levels found after diluent challenge, 
there was a statistically significant increase in 
TAME-esterase after all three allergen challenges 
and in tryptase after the two highest dose levels. 
The levels of histamine in the lavage fluid did not 
show a dose-response relationship. A significant, 
3-fold, increase (P < 0.001) was noted after the 
first allergen challenge but no further rise was 
noted, as shown in Fig. 2. The individual levels of 
tryptase in the lavage fluid after the challenges 
with diluent and the three allergen doses are 
shown in Fig. 3 .  Of specific interest is the obser- 
vation that there was no detectable increase in 
tryptase level in the first lavage fluid. Although 
symptoms were present after the highest allergen 
dose in all the allergic individuals who were 
tested, the tryptase levels of four of the subjects 
were not above the limit of detection in the corre- 
sponding lavage fluid. The results from the con- 
trols are also shown in Fig. 3 .  As expected, none 
of the controls exhibited any increase in tryptase 
level in the lavage fluid. 

The relationships between the individual 
levels of tryptase, TAME-esterase activity and 
histamine obtained after challenge with diluent 
and the three allergen doses are given in Fig. 4. 
As shown, there was a fairly strong correlation 
between TAME-esterase and tryptase levels 
(r = 0.71; P < 0.0001; n = loo), while the rela- 
tionship between the levels of tryptase and hista- 
mine was much weaker (r = 0.30; P < 0.001; 
n = 100). The corresponding values for TAME- 
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Fig. 2. Combined figure showing the symptoms and various markers of mast-cell activation after provocation with diluent and 
increasing doses of allergen. The upper panels show the resulting symptoms and the levels of tryptase obtained. The lower 
panels show the TAME-esterase and histamine levels. As shown, increasing levels of allergen, delivered topically into the 
nasal cavity, resulted in increasing nasal symptoms and increasing levels of the various markers in the nasal lavage fluid. 
*P < 0.05, **0.01, ***0.001 (diluent challenge levels versus allergen challenge levels). 

esterase levels and histamine did not demon- 
strate any statistically significant relationship 
(r = 0.15; P > 0.05; n = 100) 
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Fig. 3. Individual values of tryptase levels in nasal lavage 
fluid after local challenge with increasing levels of allergen in 
25 patients (0)  with strictly seasonal allergic rhinitis and 6 
normal subjects (0). As shown, increasing doses of allergen 
resulted in increasing numbers of patients with levels above 
the limit of detection of the assay. None of the controls had 
increased levels of tryptase in the lavage fluid as a result of 
the allergen exposure. 

Since there might be a difference in timing in 
the generation of the different mediators, a cor- 
responding analysis of relationships was also 
made between the total amount of the markers 
generated after the three allergen challenges in 
the 25 patients. These figures are presented in 
Table 1. A statistically significant correlation 
was then present between the two mast cell- 
derived markers tryptase and histamine. Since 
tryptase was measurable in the largest number 
of patients after challenge with the highest aller- 
gen dose, these levels were correlated to the 
composite symptom score for this allergen chal- 
lenge (r = 0.12; P > 0.05: n = 25) as well as to 
a cumulative composite score (r = 0.26; P > 
0.05: n = 25). No significant correlation was 
obtained. 

DISCUSSION 

In this study, we were able to demonstrate the 
release of tryptase in the human nose after nasal 
allergen challenge in allergic individuals but not 
in healthy controls. Further, we were able to 
demonstrate significant relationships between 
the generation of tryptase, TAME-esterase ac- 
tivity and histamine. 



TRYPTASE. HISTAMINE AND TAME IN NASAL ALLERGY 463 

60 - 

50 - 
40 - 
30 - 

0 0 

0 

0 

20 - 0 .  

0 
0 

- t o  00. 
0 1 I 

TAME (cpm) 
0 20000 40000 60000 

, O O t  0 

l o o L  0 
0 10 2 0  30 4 0  5 0  6 0  

Tryptase (ng) 

l o 0 I  0 0-0.0 

0 20000 40000 60000 
TAME (cpm) 

It has previously been shown that it is pos- 
sible to measure increased levels of tryptase in 
nasal lavage fluid after local allergen challenge 
( 5 ) .  In the present study, we increased the num- 
ber of subjects studied, measured the levels after 
exposure to several allergen dose levels and also 
compared the results with other markers of the 
allergic inflammatory response, TAME-esterase 
activity and histamine. Furthermore, we sought 
specific relationships between the two mast-cell- 
derived markers, histamine and tryptase in rela- 
tion to symptoms. Histamine was significantly 
increased in the lavage fluid after challenge with 
the lowest allergen dose, while a statistically 
significant rise in tryptase was only detectable 
after the second allergen challenge. This is in 
harmony with the findings of Castells et al. ( 5 ) .  
The dissociation between histamine and tryp- 
tase levels may be due to technical factors, such 
as assay sensitivity. The difference in timing in 
the release process might well explain the lack of 
a strong relationship between the individual 
levels of histamine and tryptase (23). Another 
possible explanation for a difference in appear- 
ance is that the two markers may behave differ- 
ently in terms of their ability to diffuse through 
the tissue to the locality where they are harvest- 
ed (1). Nevertheless, the stronger relationship 
between the total generation of tryptase and 
histamine might indicate that these two markers 
are released together. These findings lend fur- 
ther support to the concept that mast cell activa- 
tion is an essential part of the immediate allergic 
response. In  this study we found a strong corre- 
lation between the individual levels of TAME- 
esterase and tryptase. This was not surprising 
since 25-30 % of the TAME-esterase activity 
measured in the challenge situation represents 

Table 1. 

Correlation table for the total generation of the 
three markers, tryptase, histamine and TAME esterase 

after allergen challenge 

Marker Tryptase Histamine TAME Fig. 4. Combined figure showing the relationships between t6e 
individual levels of histamine, tryptase and allergen in nasal 
lavages after challenge with diluent and increasing doses of 

allergen. The correlation coefficients between TAME esterase Histamine 0.70'* 1 
and tryptase were r = 0.71 (P< 0.0001; n = loo), between T ~ M E  0.73" 0.36* 1 

T~~~~~~ 1 

tryptase and histamine r = 0.30 (PC 0.001; n = loo), and 
between the TAME-esterase levels and histamine r = 0.15 
(P> 0.05; n = 100. 

*P < 0.05, **O.O1 
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tryptase activity, while the remainder largely 
represents plasma kallikrein activity (3). 

Like previous reports on histamine levels in 
nasal lavage fluid (6, 11, 14), we found only a 
weak relationship between the severity of 
symptoms after the allergen challenges and the 
levels of tryptase. These findings appear to be 
at variance with the previous report by Cas- 
tells et al. ( 5 ) ,  who pointed to the possibility of 
a correlation between the severity of symptoms 
and the levels of tryptase. This was, however, 
based on results from only seven allergic sub- 
jects, using varying amounts of allergen for 
challenge in the individual patients. The lack 
of a strong relationship between the amount of 
mast cell-derived marker and nasal symptoms 
is not so surprising since there are several 
modulating steps between the initial trigger 
and the final symptomatology. It was also in- 
teresting to note that baseline tryptase (the 
first lavage, see Fig. 3) was not above the 
limit of detection. This appears to contrast 
with the findings relating to histamine. High 
and variable baseline histamine levels in nasal 
lavage fluid have confused several authors (4, 
6, 11). However, this is a consistent finding 
(4, 11, 14, 19, 20) and the present finding of 
low tryptase levels in these lavages does not 
shed any light on the specific source of this 
histamine and its putative physiological 
function. 

In this study, we have used an RIA with a 
monoclonal antibody to detect histamine in the 
nasal lavage fluid. This assay is specific to 
histamine and does not determine the first 
degradation product of histamine, methyl-his- 
tamine, in contrast to the traditional OPT 
reaction-based methods (26) .  This might well 
explain why we failed to obtain a clear-cut 
dose-response relationship after the allergen 
challenges. We were nevertheless able to dem- 
onstrate an increase in the histamine levels 
after allergen challenge. 

In conclusion, the present study provides 
further evidence of mast cell activation in the 
initial nasal response to allergen exposure. We 
have shown a relationship between histamine 
and tryptase levels in nasal lavage fluid after 
allergen challenge, which might indicate a si- 

multaneous release. Whether the determina- 
tion of tryptase levels in nasal lavage fluid can 
also be used as a marker of mast cell activa- 
tion during natural disease remains to be 
determined. 
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