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INTRODUCTION

Peptidyl leukotrienes (LT), C4, D4, E4, and F4 are arachidonic

acid metabolites that can play important roles in IgE-mediated

inflammatory diseases [1,2]. In human nasal allergy these LT

can enhance nasal vascular permeability and mucus secretion

[3,4]. LT are also involved in the infiltration and activation of

eosinophils into asthmatic individuals [5,6]. Many studies have

reported that both histamine and LT are released into nasal

secretion [7-11]. Lewis et al [12] reported that IgE-dependent

release of slow-reacting substance of anaphylaxis (SRS-A)

(now known to be LT), from human lung fragments or dis-

persed human lung cells did not begin until histamine release

was almost completed. Furthermore, Orange [13] reported that

IgE-dependent release of histamine could be separated phar-

macologically from production and release of SRS-A. 

Previously we have established that the number of formalin-

sensitive or tryptase positive mast cells in the nasal epithelium

increased in correlation with the severity of symptoms and

antigen-specific serum IgE levels in allergic rhinitis. Using

nasal scraping, we showed that antigen-induced histamine

release after began within 30 sec and was over by 5 to 7 min

[14,15]. In the current study we investigated the relationship

between the time course of histamine release and LT release.

MATERIAL AND METHODS

Subjects

Fifty-nine patients (23 male and 36 female subjects; age range,

9 to 39 years; mean age  ± SEM, 19.4 ± 1.2 yr), sensitized only

by house dust (H.D) mite were studied for relationships

between mite-induced LT and histamine release from nasal
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scrapings and for relationships between mediator release and

clinical findings. The patients had moderate to severe perenni-

al nasal symptoms and CAP-RAST class 1 to 6 [16] for der-

matophagoides pteronyssinus (DP). Patients who had severe

perennial nasal symptoms with >class 3 CAP-RAST for DP

were selected to study the time course of LT (6 patients: 5

male, 1 female, aged 13.8 ± 2.6 yr), and histamine release (8

patients: 2 male, 6 female, aged 18.2 ± 1.9 yr). In addition, the

effect of the mast cell stabilizer, pemirolast potassium on hista-

mine and LT release from nasal scrapings was studied (7

patients: 2 male, 5 female, aged 16.7 ± 0.8 yr). Informed con-

sent was obtained in all cases. The ethics committee of Nippon

Medical School approved the protocol.

Nasal scrapings

Epithelial specimens of the nasal inferior turbinate were

obtained by gentle scraping (without bleeding) with a curette

(Nagashima Co., Tokyo, Japan) until the specimen filled the

cup of the curette. With this procedure, about 6mg (wet vol-

ume) of the epithelial layer was obtained.

Antigen-induced histamine and leukotriene release 

Histamine and leukotriene release from nasal scrapings was

performed as previously described [15,17,18]. Nasal scrapings

(6mg) from the inferior turbinate surface were placed on a

small square of filter paper (16mm
2

No.4 Tokyo Roshi Co.,

Tokyo, Japan), and moistened with cold solution containing 10

mM N-(2-hydroxyethyl)piperazine-N’-(2-ehanesulfonic acid

(HEPES)-buffered Tyrode’s solution with 0.1% bovine serum

albumin without Ca
2+

and Mg
2+

(composed of 137 mmol/L

NaCl, 5.6mmol/L glucose, 2.7 mmol/L KCl, 0.4 mmol/L

NaHPO4, pH 7.4). Specimens were placed into a small plastic

tube contained 900 µl of prewarmed HEPES-buffered Tyrode’s

without Ca
2+

and Mg
2+

, and incubated for 20 min at 37°C. To

induce histamine and LT release, the specimens were placed in

450 µl of prewarmed HEPES-buffered Tyrode’s solution with

1.8 mmol/L CaCl2 and 0.5 mmol/L MgCl2 together with 0.22

µg PN/ml (1:2x10
4
dilution) DP mite antigen extract (gift from

Torii pharmaceutical Co., Tokyo, Japan), or in HEPES-buffer

as a control for 30 min at 37°C. We used the same source and

dose of PD antigen in this study as previously [15]. The reaction

was terminated with 900 µl of cold HEPES-buffered Tyrode’s

solution. The tube was centrifuged at 200x g for 3 min and 450

µl of the supernatant was separated for LT assay and frozen at

–50°C, and 900 µl heated to 90°C for 10min and then used for

the histamine assay. The remaining tissue was suspended in

900 µl of cold HEPES-buffered Tyrode’s solution, boiled and

used to assay remaining histamine. 

Histamine and peptidyl-leukotriene (C4, D4, E4, F4) measurements

Antigen-induced LTs release in supernatant (A) and sham

control (A’) was measured by radioimmunoassay kit (DuPont

NEN Research Products, Boston, USA) in duplicate.

Histamine release (B) in the supernatant, and residual hista-

mine (C), as well as histamine in sham treated control samples

(B’, C’) in same patients were measured by the method of May

et al. [19] with a modification. Histamine extracted was taken

up in high performance liquid chromatography mobile phase

(40% methanol in water containing 0.042 mol/l acetate buffer

pH 4.0) and chromatography was performed on a YMC Packed

Column A-302 (Yamamura Chemical Laboratories, Kyoto,

Japan). The flow rate was 1 ml/min and the fluorescence was

monitored at 460 nm with excitation at 360 nm. Percent hista-

mine release was calculated by {(histamine in B)/(histamine in

B plus C)} x 100. Antigen induced net % histamine release was

calculated from (B/B+C – B’/B’+C’) x 100, and antigen

induced net histamine content (ng) was calculated from (B+C)

x (B/B+C – B’/B’+C’).

To standardize LT release from nasal scraping to metachro-

matic cell number in the tissues, we expressed the LT content

in relation to the total histamine content (pg/ng). Antigen-

induced net LT (pg)/ng histamine was calculated from

(A/B+C) – (A’/B’+C’) and antigen induced net LT content

(pg) was from{(A/B+C) – (A’/B’+C’)} x (B+C) }. 

Time course of histamine and leukotriene release

To study the time of LT (6 patients: 5 male, 1 female; aged

13.8 ± 2.6 yr) and histamine (8 patients: 2 male, 6 female, aged

18.2 ± 1.9 yr) release, four nasal scrapings from one side of the

nose of each patient were pooled in 3µl of HEPES-buffered

Tyrode’s solution with 1:20,000 dilution of DP antigen. For

histamine and LT measurements, 200 µl each of supernatant

was sampled at each time point.

Effect of pemirolast potassium on histamine and LT release from

nasal scrapings

Five nasal scrapings were taken from one site of the nose from

each 7 patients. The first specimen was incubated with HEPES

buffer only, and the second with DP antigen (1:20,000 dilu-

tion); the third, fourth and fifth specimens were preincubated

with 10
-6

mol/L, 10
-5

mol/L, 10
-4

mol/L of pemirolast potassi-

um (final concentration) for 10 min prior to exposure to DP

antigen. Each specimen was incubated for 30 min and then

samples collected as outlined above and LT and histamine

release determined.

Statistical analysis

Correlation coefficients between the antigen-induced net LT

(pg/ng histamine) and net percent histamine secretion, and

antigen-induced net LT (pg) and histamine (ng) released were

obtained by using Spearman’s Rank analysis. For comparisons

of antigen-induced net LT (pg/ng histamine) and net LT (pg)

release between groups of CAP-RAST classes, the degrees of

nasal symptoms, and for inhibition effect of pemirolast potassi-

um, F analysis was conducted to determine if the variances

were equal. If this was true, then t-tests were used. If the vari-

ances were not equal, then the non-parametric Mann-Whitney

U statistic was used. Data is presented as mean ± SEM.
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RESULTS

Time course of histamine and LT release 

Histamine release began within 30 sec of antigen exposure and

plateaued by 10 min (Figure 1A, n=8). When histamine release

was calculated per min, the magnitude was high in the first 30

sec (~22 ng/min), and was sustained for up to 5 min, but

thereafter stopped (Figure 1A). By contrast, antigen-induced

LT release was limited at 5 min (n=6), increased by 10 min

and reached a plateau by 45 min. Fifty % of the total LT

released occurred within 30 min. When LT release was calcu-

lated per min (Figure 1B), maximum rate of release occurred

by 10 min and was sustained until 45 min. From 60 to 180 min

LT release subsided. Some variation occurred in the rate

release among the patient samples (Table 1), and there were

evidences for a second phase of release from 90 to 150,

although this was only 24.6 ± 6.9% of the magnitude of the

first sustained period of LT release (10 to 45 min). 

Magnitude of antigen-induced histamine and leukotriene release

from nasal scrapings

From each patient four scrapings were taken and duplicated

test were done for control and antigen-induced histamine and

LT release.

The total histamine content in nasal scrapings from 59 patients

was 88.7 ± 12.0 ng. Antigen-induced histamine release was

19.7 ± 3.2 ng, whereas spontaneous, sham-induced releases

were 7.4 ± 1.1 ng. Thus, antigen specific histamine release was

13.4% of total histamine. 

Antigen-induced LT release for 30 min was 2.0 ± 0.3 ng,

whereas sham-induced LT release was 0.5 ± 0.1ng. Antigen-

induced LT was 22.9 ± 2.4 pg/ng histamine, while sham-

induced release was 5.4 ± 0.7 pg/ng histamine. Thus, mean

antigen-specific LT release was 19.1pg/ng histamine. 

LT release induced by antigen correlated well with antigen-

induced histamine release (R=0.76, p<0.001). Moreover, anti-

gen-induced specific LT release/ng histamine correlated with

antigen-induced specific percent histamine release 

(R=0.62, p<0.005). Total specific LT release correlated with

antigen-induced specific total histamine release 

(R=0.72, p<0.0001)(Figure 2). These observations support the

suggestion that LT release occurred largely from histamine

containing, metachromatic cells, either mast cell or basophils. 

Table 1. Peptydyl leukotriene release per 10 minutes from nasal scrapings.

Min 0 2 5 10 20 30 45 60 90 120 150 180

Cases

1 222.6 -24.0 411.0 774.8 658.3 196.4 481.6 54.9 -1.5 1.0 20.8 -3.8

2 0 0 0 0 315.0 549.1 70.5 -13.3 246.2 126.9 -69.8 -61.2

3 0 0 0 0 0 0 278.1 -12.7 13.5 15.1 62.4 58

4 0 0 0 1151 1087.9 203.7 167.6 109.8 -154.4 162.4 9.8 35.9

5 0 0 0 0 0 388.7 290.0 -149.5 65.0 176.0 181.4 -224.6

6 0 0 0 0 0 467.9 270.2 250.9 43.4 89.9 46.3 23.2

Each value indicates antigen induced LT product (pg per 10 minutes) from nasal scraping.

Minus value was caused from LT content measured by radioimmunoassay was less than LT content at former time

Figure 1. A) Time course of total histamine and LT release. B)

Histamine release and LT were calculated per minute and 10 minutes

respectively.

Figure 2. Correlation between antigen induced net LT content and

antigen induced net histamine content.
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Relationship between antigen-induced leukotriene release, serum

IgE antibody and clinical findings

Fifty-nine patients were divided into 6 groups according with

CAP-RAST serum IgE antibody to DP: class 1, RAST 0.35 to

0.7, n=5; class 2, RAST 0.8 -3.5 n=14, class 3, RAST 3.6 to

17.5, n=6; class 4, RAST 17.6 to-50, n=10; class 5, RAST 51 to

100, n=10; class 6, RAST >100, n=13. Both LT and histamine

increased as the RAST class group increased (Figure 3).

Patients’ symptoms were assessed by a questionnaire in which

sneezing, nose blowing and nasal stuffiness were graded from

0 to 3 according to the degree of each symptom. The symptom

score was the sum of the grade of nasal stuffiness together

with the higher score of either sneezing or nose blowing.

Scores of 1 to 2 were considered mild, 3 to 4 moderate and 5 to

6 severe. Antigen-specific LT release (pg/ng histamine) was 9.9

± 3.0 in the mild group, 22.0 ± 3.6 in the moderate group, 21.4

± 3.6 pg/ng in the severe group (Figure 4A). Both the moder-

ate and severe groups were statistically different than the mild

group in LT release. A similar pattern of LT release was

demonstrated for total specific release (Figure 4B). 

Effect of pemirolast potassium on histamine and leukotriene

release from nasal scrapings

Pemirolast potassium significantly (p<0.02) inhibited antigen

specific histamine secretion at 10
-4

M (51.2% inhibition)(Table

2). For antigen specific LT release (pg/ng histamine), signifi-

cant inhibition occurred at both 10
-5

and 10
-4

pemirolast potas-

sium (34% and 65% inhibition respectively). 

DISCUSSION

Leukotrienes are important arachidonic acid metabolites in

allergic respiratory disease, especially nasal allergy and asthma

[1,2]. There is abundant evidence about the role of LT in asth-

ma and recently it has become clear that LT play important

roles in nasal allergy. Since early reports of the effects of LT

Figure 3. A) Relationships between DP-CAP-RAST class and antigen-

induced LT (pg/ng histamine) or antigen induced net % histamine

release. In net antigen-induced  LT (pg/ng histamine); class 1 and 2-6

(p<0.05), class 2 and 4-6 (p<0.01). In net % histamine release; class 1

and 2-6 (p<0.01), 2 and 3-6 (p<0.05). B) Relationship between DP-

CAP-RAST class and antigen-induced net LT content or antigen-

induced net histamine release. In the net LT content; class 1 and 2, 4-6

(p<0.05), 2 and 5-6 (p<0.01), 3 and 5-6 (p<0.05). In the net histamine

release; class 1 and 2-6 (p<0.05), 2 and 3, 5-6 (p<0.02), 4 and 5

(p<0.05).  Bars indicate means ± SE.

Figure 4. Comparisons of net LT (pg/ng histamine) and net LT con-

tent among severity of nasal symptoms. *Averages of antigen induced

net LT (pg/ng histamine) and net LT content in groups of moderate

and severe of symptoms were significantly higher than in mild group

(p<0.05).

Table 2. Effect of pemirolast potassium on histamine and LT release from nasal scrapings.

Specific histamine % %inhibition Specific LT(pg/ng histamine) %inhibition  

Antigen 16.6±3.0  24.2±2.9       

+10-6  M 15.6±3.8 7.1±12.9% 19.6±4.1 25.7±10.1%*

+10-5 M 14.5±4.0 13.4±16.5% 16.5±2.8 33.8±4.8%**      

+10-4 M 8.8±3.2 51.2±15.1 %* 9.0±1.8 64.8±5.1%***

*p<0.05, **p<0.005, ***<0.0001      

Spontaneous histamine and LT releases were 7.1±0.3 % and 4.3 (pg/ng histamine) respectively.

Pemirolast potassium was added 10 minutes before antigen addition.
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on nasal physiology and pathophysiology, there have been

numerous advances [20,21]. 

The purpose of this study was to evaluate the time course of

LT and histamine release in the early phase of IgE-mediated

reponses in nasal scrapings from monosensitized (HDM)

patients. We had previously shown that >80% of were tryptase

positive mast cells that increased in number in correlation with

the severity of nasal allergic symptoms and IgE antibody levels

[15]. 

Cysteinyl leukotrienes, LTC4, LTD4 and LTE4 are produced

by activated mast cells and eosinophils. The eosinophil derived

LT in the nasal scrapings could not be ignored. However mast

cells release LT as well as histamine by antigen challenge in

the early phase response whereas eosinophils act mostly in the

late phase response and have no evidence to release LT by

antigen-IgE mediated reaction.  

Our current results show that whereas antigen specific hista-

mine secretion from nasal scrapings is complete in about 5

min, LT release does not begin until about 5 min and contin-

ues over 45 min and up to 150 to 180 min. Interestingly, both

histamine and LT release also correlated with DP specific IgE

levels in plasma and with symptom scores. Although the time

course of antigen specific histamine and LT secretion differed,

their magnitude correlated, suggesting that metachromatic

cells were likely to be an important source of LT, or involved

in inducing/enhancing their secretion.

In support of this contention, we employed pemirolast potassi-

um, a drug known to inhibit LT release from rat peritoneal

mast cells [22] and human peripheral blood leukocytes and lung

fragments [23]. Pemilolast significantly inhibited both histamine

and LT release from nasal scrapings. However, given current

evidence about the specificity of pemirolast potassium and cell

sources of LT, it cannot be excluded that other cell types such

as eosiniphils and macrophages are important sources of LT in

nasal allergy, as has been shown in asthma [6]. In addition it

was reported that bronchial epithelial cells of the human pro-

duced cysteinyl-LT in the RSV-infection or ozone exposure

[24,25]. Our study showed that LT production was undetectable

from nasal scraping with no MC or little histamine.

Sneezing appears within 1 min of antigen challenge on the sur-

face of the inferior turbinate, and is normally over within 5

min. It is thought to be mediated by histamine [26]. Nasal

obstruction occurs by 10 to 30 min after antigen provocation

and it is thought to involve LT-induced alterations in the local

vasculature. The time course of LT release from nasal scrap-

ings was similar to that of nasal resistance after local antigen

challenge.

Lewis et al. [12] reported that IgE-dependent release of SRS-A

from either human lung fragments or enzymatically dispersed

human pulmonary cells did not begin until histamine release

was almost complete. Moreover, Orange et al. [13] showed that

IgE-dependent histamine release can be pharmacologically

separated from generation and release of SRS-A. Miadonna et

al. [10] and Wang et al. [27] observed the maximal LTC4 con-

centration in nasal secretion at 5 to 10 min after allergen chal-

lenge. LT concentration peaked concurrently with histamine

levels. However, Shaw et al. [8] stated that LT levels in nasal

washings from allergic patients were elevated for up to 30 min

after local allergen challenge. Shirasaki et al. [28] in studies of

sensitized guinea pigs observed increased LT concentration for

up to 90 min after allergen challenge, whereas histamine levels

were elevated for only 10 min.

Thus, our results have detailed the time course of antigen spe-

cific histamine and LT release from nasal scrapings mono-sen-

sitized rhinitis patients. There was a strong correlation

between histamine and LT release, despite their differences in

time course following allergen challenge. This study further

demonstrated the value of nasal scrapings in studies of human

allergic inflammation and such scrapings can be used as a tool

for assessment of new anti-allergen and antigen-inflammatory

agents. 
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