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Adenosine monophosphate and histamine
induced bronchoconstriction: repeatability and
protection by terbutaline

E Egbagbe, I D Pavord, P Wilding, J Thompson-Coon, A E Tattersfield

Abstract providing different information from that
provided by PD20 histamine.Background – Inhaled adenosine mono-
(Thorax 1997;52:239–243)phosphate (AMP) is thought to cause

bronchoconstriction in asthmatic patients
indirectly through mast cell mediator re- Keywords: adenosine monophosphate, histamine, bron-

chial responsiveness.lease. It may therefore be a more sensitive
marker of airway inflammation in asthma
and hence more specific for epi-
demiological surveys of asthma than chal-

Bronchial hyperresponsiveness, an exaggeratedlenges that act directly on airway smooth
airway response to constrictor stimuli, is a keymuscle such as histamine. There is some
component of asthma.1 2 Constrictor stimuliuncertainty as to how repeatable the
can be divided into those that act pre-measurement is and this is important if it
dominantly through a direct effect on airwayis to be used for epidemiological studies.
smooth muscle such as histamine and metha-Methods – The response to histamine and
choline and those that act indirectly by stimu-AMP challenges and the protection affor-
lating neural pathways or release of inflam-ded by terbutaline (500 lg) against these
matory mediators. Adenosine monophosphatetwo challenges was measured on two oc-
(AMP) is thought to cause bronchoconstrictioncasions two weeks apart in 20 subjects with
by increasing the release of mediators fromasthma (19 completed the study). The re-
mast cells.3–6 It may therefore be a more sens-sponse to histamine and AMP was meas-
itive marker of airway inflammation and henceured as the provocative dose causing a 20%
more specific for asthma. In keeping with this,fall in forced expiratory volume in one
three studies have shown that b agonists causesecond (PD20) and the protection afforded
greater bronchoprotection against AMP thanby terbutaline in doubling doses (DD). histamine or methacholine challenge in patientsRepeatability was assessed as the limits of with asthma.7–9 The specificity for asthma couldagreement. be useful for epidemiological studies if the testResults – Although terbutaline had a was repeatable.slightly greater protective effect against In a recent study the response to AMP ap-AMP than histamine on both the first peared to be slightly less repeatable than that(DPD20=2.66 versus 2.11 DD) and second to histamine.10 We have therefore comparedoccasion (2.56 and 2.15 DD), the differ- the repeatability of histamine and AMP chal-ences were not statistically significant. The lenge and their protection by terbutaline afterlimits of agreement for the two histamine a two week interval in patients with asthma.

and two AMP challenges after placebo We measured the response to histamine and
were from 3.06 to −3.5 and from 3.78 to AMP as the provocative dose of AMP or his-
−4.54 DD respectively, and these values tamine causing a 20% fall in forced expiratory
did not differ significantly. The agreement volume in one second (PD20).limits between the first PD20 histamine

Division of and PD20 AMP values after placebo were
Respiratory Medicine, similar, being from 3.73 to−3.72 DD after
University of allowing for the 17.8-fold higher PD20 val- MethodsNottingham,
City Hospital, ues for AMP compared with histamine. 
Hucknall Road, Conclusions – Terbutaline caused a Twenty subjects aged 22–56 years with stableNottingham NG5 1PB, slightly greater inhibition of the broncho- asthma and no other significant illness wereUK
E Egbagbe constrictor response to AMP than his- studied. All were current non-smokers and had
I D Pavord tamine but the differences were small and mild asthma with a forced expiratory volumeP Wilding non-significant. Any differences in re- in one second (FEV1) at least 60% predictedJ Thompson-Coon

peatability between AMP and histamineA E Tattersfield and requiring less than four puffs per day of a
challenges are small and in this study were short acting inhaled b agonist and/or an inhaledCorrespondence to:

Professor A E Tattersfield. not significant. The fact that the agree- corticosteroid. Twelve subjects were taking an
ment between histamine and AMP PD20Received 12 February 1996 inhaled corticosteroid and all were taking an

Returned to authors values was similar to the agreement be- inhaled b agonist. Nineteen subjects were26 April 1996
tween repeat histamine or repeat AMPRevised version received atopic. Subjects gave written consent to the

16 August 1996 PD20 values suggests that, within an asth- study which was approved by the NottinghamAccepted for publication
18 September 1996 matic population, PD20 AMP may not be City Hospital ethics committee.
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 protection afforded by terbutaline on AMP and
methacholine in 12 subjects was statisticallyFEV1 was measured with a dry bellows spir-

ometer (Vitalograph, Buckingham, UK) as the significant.
higher of two successive readings within
100 ml. The PD20 AMP and histamine were
determined using a breath activated dosimeter   
(MEFAR, Brescia, Italy). The nebuliser was PD20 values for histamine and AMP were log
set to nebulise for one second with a pause of transformed for analysis and geometric mean
six seconds at a pressure of 22 lb/in (152 kPa). values are given. Differences in PD20 were
Histamine and AMP (Sigma, Poole, Dorset, measured in doubling doses (DD). The pro-
UK) were dissolved freshly in saline to tective effect of terbutaline on histamine and
produce a doubling concentration range of AMP was measured in doubling doses for each
0.115–118 lM for AMP and 0.021–21 lM for subject by calculating
histamine. FEV1 was measured one minute
after each dose. Inhalation was stopped when log PD20 (terbutaline) – log PD20 (placebo)

log 2
the FEV1 had fallen by 20% or more, when
subjects had inhaled the highest dose of con-
strictor agent, or if side effects occurred. The

and compared by paired t test. The repeatabilityPD20 value was determined by interpolation
of histamine and AMP PD20 measurements wasbetween the last two points on the log dose–
assessed as the limits of agreement according toresponse plot. Extrapolation was allowed for
Chinn11 as the mean (SD) difference in PD20one further dose.
difference × t0.05 and converted to doubling
doses. The limits of agreement for histamine
and AMP PD20 were then compared by un-
paired t test.The study had a placebo controlled crossover

The limits of agreement for the first his-design. Subjects taking an inhaled steroid kept
tamine and first AMP measurement were alsothe dose constant throughout the study. All
computed as above after dividing PD20 AMPstudies were carried out at the same time of
values by 17.8 since the mean PD20 AMP wasday and after subjects had withheld inhaled b
17.8 times higher on average than the meanagonist treatment for at least eight hours.
PD20 histamine value.Subjects attended the laboratory on four oc-

casions within a week and after a two week
interval on a further four occasions within a
week. After resting for 15 minutes they inhaled Results

Twenty subjects (nine men) aged 22–56 yearsplacebo or terbutaline (500 lg) by dry powder
inhaler (Turbohaler) followed 15 minutes later were recruited. Nineteen completed all eight

studies and one failed to return for the secondby an inhaled histamine or AMP challenge. All
four combinations of placebo and terbutaline set of four measurements. The mean initial

FEV1 was 2.62 litres (82% predicted). Detailswith the two challenges were given in random
order on the four days before and on the four of the patients are presented in table 1.

On 20 of the 160 occasions a PD20 coulddays after the two week interval. Treatment
with placebo and terbutaline was double blind; not be obtained because patients did not bron-

choconstrict with the highest dose of constrictorthe nature of the histamine and AMP challenge
was known to the investigator but not to the agent after terbutaline (n= 16; one for his-

tamine and 15 for AMP) or because of cough-subjects.
The number of subjects studied was based ing after a lower dose of constrictor (n= 4).

On these occasions the PD20 value was censoredon the study by O’Connor et al8 in which a
difference of 1.1 doubling doses between the to the highest dose of AMP or histamine given

Table 1 Details of age, sex, atopic status, spirometric measurements and treatment

Patient no. Age Sex Atopic status FEV1(l) FEV1 (% predicted) Treatment

1 54 M H,C,G 1.85 57 Sb,BDP 800 lg
2 37 M H,C,G 2.85 84 Sb,Bud 400 lg
3 27 M H,C 4.35 100 Sb,BDP 400 lg
4 35 M H,C,G 3.40 90 Sb,BDP 400 lg
5 34 F H,C,G 2.45 86 Sb
6 28 F C,G 2.95 87 Tb
7 51 F H 2.20 77 Sb,BDP 400 lg
8 38 M H,C,G 2.70 63 Tb,BDP 400 lg
9 55 F H,C,G 1.10 56 Sb,BDP 400 lg

10 34 M H,C,G 4.15 95 Sb,BDP 400 lg
11 54 F Negative 1.40 62 Sb,BDP 400 lg
12 55 F H,C,G 2.40 95 Sb
13 56 F Negative 2.00 87 Sb,BDP 800 lg
14 28 F H,G 3.50 111 Sb
15 42 F H 2.00 85 Sb,BDP 200 lg
16 40 M H 3.75 85 Sb
17 54 M H,C,G 2.05 63 Sb,BDP 400 lg
18 23 F H,C,G 3.30 107 Sb,Bud 800 lg
19 24 F H,C,G 2.70 79 Sb
20 22 M H 4.50 105 Sb

FEV1= forced expiratory volume in one second; BDP= beclomethasone dipropionate; Bud= budesonide (dose is total daily
dose); Sb= salbutamol as required; Tb= terbutaline as required.
Atopic status describes positive skin prick tests to H= house dust mite, C= cat, G= grass.
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Figure 1 Difference between the first and second measurements of (A) log PD20 AMP and (B) log PD20 histamine
plotted against the mean PD20 measurements in 19 subjects with asthma. The relation between the first PD20 AMP and
PD20 histamine values after placebo are also shown in (C) after the AMP values∗ have been divided by 17.8 (see text).

after extrapolation by one dose.11 The pro- AMP compared with 2.11 and 2.15 DD for
histamine). The mean difference between thetective effect of terbutaline was then assessed

in two ways – in the 10 subjects who had no protective effect of terbutaline on histamine
and AMP PD20 was 0.58 DD (95% CI−0.28censored values and by including all subjects

and including the censored values. The mean to 1.44; p= 0.17) on the first occasion and
0.41 DD (95% CI −0.53 to 1.56; p= 0.37)PD20 values on each occasion are given in table

2. on the second. When the results from the 10
subjects with no censored values were analysed
in the same way the difference between the
protective effect of terbutaline against AMP

The agreement between the first and second and histamine induced bronchoconstriction re-
mained non-significant on both the first (AMPPD20 histamine values and between the first

and second AMP values is shown in fig 1 2.82 DD, histamine 2.64 DD; mean difference
0.18 DD; 95% CI −0.58 to 0.94; p= 0.6)according to the method of Bland and Alt-

man.12 The agreement limits for the two PD20 and second occasion (AMP 3.14, histamine
2.46; mean difference 0.68 DD; 95% CI−0.94histamine and two AMP measurements after

placebo were from 3.06 to−3.5 and from 3.78 to 2.29 DD; p= 0.37).
There was no significant difference in theto−4.54 doubling doses, respectively, and the

agreement limits for the two challenges did not change in PD20 with terbutaline for either AMP
(2.27 versus 2.22 DD) or histamine (1.9 versusdiffer significantly (p<0.05).
2.44 DD) between the 13 patients who were
taking an inhaled corticosteroid and the seven
who were not.  20   20 

Following placebo the mean PD20 AMP value
was 17.8 times higher than the mean PD20

histamine value (p<0.001). The relation be- Discussion
tween the first PD20 histamine and the first The mechanism underlying the broncho-
PD20 AMP values following placebo is shown constriction caused by inhalation of AMP in
in fig 1, the AMP values having been divided patients with asthma is not certain but in-
by 17.8. The agreement limits for comparison creased release of mast cell mediators is prob-
of the first histamine and first AMP PD20 meas- ably involved. Adenosine and its synthetic
urements after allowing for the 17.8-fold analogues such as AMP potentiate IgE de-
difference in mean PD20 values were 3.73 to pendent release of the preformed mediators
−3.72 doubling doses. histamine and hexosaminidase from rodent13

and human6 mast cells in vitro, and drugs that
inhibit mast cell activation (sodium cro-

    moglycate and nedocromil sodium)14 15 or in-
Terbutaline had a slightly greater protective hibit the effect of mast cell products (the
effect against AMP than histamine on both the selective H1 receptor antagonists, terfenadine
first and second occasions (terbutaline induced and astemizole16–18) have been shown to protect
changes in PD20 were 2.70 and 2.56 DD for against AMP induced bronchoconstriction in

both atopic16 and non-atopic17 subjects with
asthma. Bronchoconstrictor prostanoids such

Table 2 Geometric mean PD20 histamine and AMP values after placebo and terbutaline as prostaglandins D2, F2a and thromboxane A2

Measurement PD20(lmol) may also be involved since indomethacin and
lysine acetylsalicylate inhibit adenosine andHistamine AMP
AMP induced bronchoconstriction in asth-

Placebo First 0.4 6.97 matic subjects.19–21 The action of adenosineSecond 0.42 7.65
After terbutaline First 1.71 45.2 may also involve neural reflexes since adenosine

Second 1.86 40.0 potentiates the constrictor response to nerve
Second measurement was made two weeks after the first. stimulation via an A2-receptor mechanism22
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and antimuscarinic drugs have a minor pro- several hours following AMP25 and histamine,26

though usually in normal subjects or patientstective effect against adenosine induced bron-
choconstriction in asthma.23 with mild asthma. To our knowledge, it has

not been seen after 24 hours in patients withThe bronchoconstrictor response to ad-
enosine therefore involves one, or possibly two, asthma. Our studies were carried out at least

a day apart as were the studies by O’Connorpathways which may be abnormally activated
in asthma, suggesting that it may be a more et al8 and as their patients had, if anything,

milder asthma, tachyphylaxis would have beenspecific marker of asthma than broncho-
constrictor challenges such as histamine and more likely. Since we have also been unable to

confirm that regular inhaled budesonide resultsmethacholine. This could be of value for epi-
demiological studies where the lack of speci- in greater protection against AMP than his-

tamine induced bronchoconstriction,10 we con-ficity of histamine and methacholine in
distinguishing asthma from other lung diseases clude that any difference in the ability of

terbutaline or regular budesonide to providelimits their value. Using AMP to measure bron-
chial responsiveness would only be of value if greater protection against AMP is small in

subjects with relatively mild asthma.the test was repeatable and this was questioned
in a previous study.10 The present study shows The agreement between a single PD20 AMP

and PD20 histamine measurement after placebono significant difference in the repeatability of
the response to AMP when compared with that was similar to the repeatability of AMP and

histamine after allowing for the 17.8 timesof histamine challenge.
Previous studies have shown that a single higher mean values for AMP. This suggests

that PD20 AMP might not be adding anythingdose of terbutaline (500 lg)7–9 or chronic treat-
ment with budesonide24 provide greater pro- further to the information given by PD20 his-

tamine in patients with asthma and that bothtection against bronchoconstriction induced by
AMP than that induced by methacholine. This are reflecting the same pathophysiological pro-

cess in the airways. A study in children sug-difference has aroused interest since it may
reflect drug effects other than airway smooth gested that PD20 AMP was better able to

distinguish asthma from COPD than metha-muscle relaxation such as inhibition of mast
cell mediator release by b agonists and an anti- choline.27 Further studies that include non-

asthmatic patients are needed to determineinflammatory effect of inhaled corticosteroids.
The protection against histamine induced whether PD20 AMP provides greater specificity

for asthma in adults in an epidemiological set-bronchoconstriction in our study was similar
to that seen with the same dose of terbutaline ting.

In conclusion, we have shown reasonableagainst methacholine challenge by O’Connor
et al,8 whereas the effect of terbutaline against agreement between PD20 AMP and PD20 his-

tamine in 20 patients with asthma and similarAMP was less and the difference in protection
against the two challenges was not statistically repeatability between AMP and histamine PD20

values in these patients. We have been unablesignificant. The effect of terbutaline against
AMP induced bronchoconstriction may have to confirm the previous finding of a greater

protective effect of terbutaline against AMPbeen underestimated in our study since several
subjects had censored PD20 AMP values fol- compared with a challenge that is not mast cell

dependent. These findings suggest that AMPlowing terbutaline, although the fact that the
difference in the protective effect of terbutaline PD20 gives similar information to histamine

PD20 in an asthmatic population; further fieldwas not significant in the 10 subjects without
a censored value argues against this. studies are needed to determine whether it is

more specific for asthma in a population ofThe differences between our findings and
those in previous studies could reflect differ- adults containing non-asthmatic patients.
ences in asthma severity, or in the contribution
of mast cell mediator release to broncho- We thank Ms H Tattersall for help with the randomisation of

the study and Ms S Lewis for help with the analysis.constriction, or in previous treatment. The
asthma severity appears to be similar to that in
two of the previous studies7 9 since patients 1 American Thoracic Society. Standards for the diagnosis and

care of patients with COPD and asthma. Am Rev Respirhad identical mean FEV1 percentage predicted Dis 1987;136:225–44.
2 Yan K, Salome CM, Woolcock AJ. Prevalence and naturevalues (92%) and similar consumption of b

of bronchial hyper-responsiveness in subjects with chronicagonists (average two puffs per day) before the obstructive pulmonary disease. Am Rev Respir Dis 1985;
132:25–9.study. In the third study8 subjects had a higher

3 Marquardt DL, Parker CW, Sullivan TJ. Potentiation ofFEV1 and b agonists were replaced with ip- mast cell mediator release by adenosine. J Immunol 1978;
120:871–8.ratropium for one week before the study.

4 Cushley MJ, Holgate ST. Adenosine-induced broncho-Corticosteroid treatment differed between the constriction in asthma: role of mast cell mediator release.
J Allergy Clin Immunol 1985;75:272–8.studies with 13 patients taking an inhaled

5 Ng WH, Polosa R, Church MK. Adenosine broncho-corticosteroid in a constant dose in our study constriction in asthma: investigations into its possible
mechanism of action. J Clin Pharmacol 1990;30:89–98S.compared with none in the studies by O’Con-

6 Hughes PJ, Holgate ST, Church MK. Adenosine inhibitsnor et al 8 9 and five of nine subjects in the and potentiates IgE-dependent histamine release from
human lung mast cells by an A2 purinoceptor mediatedstudy by Phillips et al.7 We found no difference,
mechanism. Biochem Pharmacol 1984;33:3847–52.however, in the relative protection of ter- 7 Phillips GD, Finnerty JP, Holgate ST. Comparative pro-
tective effect of the inhaled b2-agonist salbutamol (al-butaline against AMP and histamine between
buterol) on bronchoconstriction provoked by histamine,those taking and those not taking an inhaled methacholine, and adenosine 5′-monophosphate in
asthma. J Allergy Clin Immunol 1990;85:755–62.corticosteroid. Finally, we have considered

8 O’Connor BJ, Aikman Sarah, Barnes PJ. Tolerance to thewhether tachyphylaxis to histamine or AMP non-bronchodilator effects of inhaled b-agonists in
asthma. N Engl J Med 1992;327:1204–8.may be relevant since this has been seen over
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9 O’Connor BJ, Fuller RW, Barnes PJ. Nonbronchodilator enosine and ATP-induced contraction of guinea pig
isolated trachea. Br J Pharmacol 1982;77:39–44.effects of inhaled b2-agonists. Am J Respir Crit Care Med

20 Wang MM, Wisniewski AF, Pavord ID, Knox AJ, Tat-1994;150:381–7.
tersfield AE. Comparison of three inhaled non-steroidal,10 Wilding PJ, Clark MM, Oborne J, Bennett JA, Tattersfield
anti-inflammatory drugs (NSAIDs) on the response toAE. Effect of regular terbutaline on the airway response
sodium metabisulphite and adenosine 5′-monophosphateto inhaled budesonide. Thorax 1996;51:989–92. challenge in asthma. Am J Respir Crit Care Med 1995;151:11 Chinn S. Repeatability and method comparison. Thorax A403.1991;46:454–6. 21 Crimi N, Polosa R, Magri S, Prosperini G, Milazzo VL,

12 Bland JM, Altman DG. Statistical methods for assessing Santonocito G, et al. Inhaled lysine acetylsalicylate
agreement between two methods of clinical measurement. (L–ASA) attenuates the bronchoconstrictor response to
Lancet 1986;i:307–10. adenosine 5′-monophosphate (AMP) in asthmatic sub-

13 Marquardt DL, Walker LL, Wasserman SI. Adenosine re- jects. Eur Respir J 1995;8:905–12.
ceptors on mouse bone marrow-derived mast cells: func- 22 Gustafsson LE, Wiklund NP, Cederqvist B. Apparent en-

hancement of cholinergic transmission in rabbit bronchitional significance and regulation by aminophylline. J
via adenosine A2 receptors. Eur J Pharmacol 1986;120:Immunol 1984;133:934–7.
179–85.14 Phillips GD, Scott VL, Richards R, Holgate ST. Effect

23 Polosa R, Phillips GD, Rajakalasingam K, Holgate ST.of nedocromil sodium and sodium cromoglycate against
The effect of inhaled ipratropium bromide alone and inbronchoconstriction induced by inhaled adenosine 5′-
combination with oral terfenadine on bronchoconstrictionmonophosphate. Eur Respir J 1989;2:210–7. provoked by adenosine 5′ monophosphate and histamine15 Richards R, Phillips GD, Holgate ST. Nedocromil sodium in asthma. J Allergy Clin Immunol 1991;87:939–47.

is more potent than sodium cromoglycate against AMP- 24 O’Connor BJ, Ridge SM, Barnes PJ, Fuller RW. Greater
induced bronchoconstriction in atopic asthmatic subjects. effect of inhaled budesonide on adenosine 5′-mono-
Clin Exp Allergy 1989;19:285–97. phosphate-induced than on sodium metabisulfite-induced

16 Rafferty P, Beasley CRW, Holgate ST. The contribution of bronchoconstriction in asthma. Am Rev Respir Dis 1992;
146:560–4.histamine to immediate bronchoconstriction provoked by

25 Phillips GD, Bagga PK, Djukanovic R, Holgate ST. Theinhaled allergen and adenosine 5′-monophosphate in
influence of refractoriness to adenosine 5′-monophosphateatopic asthma. Am Rev Respir Dis 1987;136:369–73.
on allergen-provoked bronchoconstriction in asthma. Am17 Phillips GD, Rafferty P, Beasley CRW, Holgate ST. The
Rev Respir Dis 1989;140:321–6.effect of oral terfenadine on the bronchoconstrictor re-

26 Connolly MJ, Stenton SC, Avery AJ, Walters EH, Hendricksponse to inhaled histamine and adenosine 5′-mono- DJ. Refractory period following bronchoconstriction pro-phosphate in non-atopic asthma. Thorax 1987;42:939–45. voked by histamine in asthmatic subjects. Thorax 1989;
18 Phillips GD, Polosa R, Holgate ST. The effect of histamine 44:146–50.

H1 antagonism with terfenadine on concentration-related 27 Avital A, Springer C, Bar-Yishay E, Godfrey S. Adenosine,
AMP. Clin Exp Allergy 1989;19:405–9. methacholine, and exercise challenges in children with

19 Advenier C, Bidet D, Floch-Saint-Aubin A, Renier A. Con- asthma or paediatric chronic obstructive pulmonary dis-
ease. Thorax 1995;50:511–6.tribution of prostaglandins and thromboxanes to the ad-
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