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ABSTRACT:  Inhaled heparin inhibits the early response to allergen and exercise-
induced asthma, probably by inhibiting mast cell mediator release.  Recent animal
studies suggest that heparin might also inhibit cholinergic neurotransmission in
asthma by restoring inhibitory M2 receptor function.  We have tested the hypo-
thesis that heparin inhibits neurally-mediated bronchoconstriction in asthma by
examining the effect of inhaled heparin on bronchial reactivity to sodium metabisul-
phite.  We also examined the effect of inhaled heparin on methacholine-induced
bronchoconstriction to exclude a direct effect on airway smooth muscle.

Eleven patients with mild asthma inhaled nebulized heparin (1,000 U·kg-1) or
placebo (normal saline) in a randomized, double-blind fashion, 10 min before a
challenge with sodium metabisulphite.  Nine patients were also challenged with
methacholine after the same dose of heparin or placebo.

Inhaled heparin did not significantly change forced expiratory volume in one sec-
ond (FEV1), nor did it alter the provocative dose of sodium metabisulphite or metha-
choline required to cause a 20% fall in FEV1 (PD20).  Geometric mean sodium
metabisulphite PD20 was 2.54 and 2.15 µmol after placebo and heparin, respectively
(mean difference -0.24 doubling doses;  95% confidence interval (95% CI) -0.64–0.17).
Geometric mean methacholine PD20 was 1.00 and 1.51 µmol after placebo and
heparin, respectively (mean difference 0.6 doubling doses;  95% CI -0.25–1.5).

Thus, heparin inhaled at doses sufficient to inhibit allergen and exercise-induced
bronchoconstriction has no effect on the response to sodium metabisulphite and
methacholine challenge in asthma.  This argues against an inhibitory effect on neur-
al pathways or airway smooth muscle.
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Inhaled heparin has been shown to inhibit both the
early response to allergen and exercise-induced bron-
choconstriction in subjects with asthma [1, 2].  The mech-
anism of action is unclear, although studies on isolated
human mast cells in vitro suggest that heparin inhibits
mast cell mediator release [3, 4].  The inhibitory effect
of heparin in the airway might extend to neural path-
ways, since animal studies show that heparin reverses
allergen-induced inhibitory M2 receptor dysfunction [5].

The function of the M2 inhibitory receptor function is
impaired in asthma and this may be partly responsible
for bronchial hyperreactivity to irritant stimuli, such as
sulphur dioxide and sodium metabisulphite [6].  We have
tested the hypothesis that heparin restores M2 auto-
receptor function and, thus, inhibits cholinergic neuro-
transmission in asthma by examining the effect of inhaled
heparin on sodium metabisulphite-induced bronchocon-
striction.  We also examined the effect of inhaled heparin
on methacholine-induced bronchoconstriction to exclude
a direct effect on airway smooth muscle.

Methods

Subjects

Eleven subjects (8 males and 3 females) with mild
stable asthma but no other important illnesses were recruit-
ed from the City Hospital asthma register.   Subjects were
nonsmokers, with a forced expiratory volume in one sec-
ond (FEV1) greater than 60% predicted and a provoca-
tive dose of sodium metabisulphite causing a 20% fall
in FEV1 (PD20) <8 µmol (table 1).  All subjects partic-
ipated in the first study and the first nine participated in
the second (table 1).  Subjects were treated with salbu-
tamol as required and four were taking additional regu-
lar inhaled corticosteroids (beclomethasone dipropionate
<1,000 µg·day-1).  Bronchodilator medication was with-
held for 6 h before each visit;  inhaled corticoster-
oid treatment was not interrupted.  Subjects gave signed
consent to participate after full written and verbal expla-
nation of the study.  The study protocol was approved
by the City Hospital Ethics Committee.
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Measurements

FEV1 was measured on a dry bellows spirometer
(Vitalograph, Buckingham, UK) as the higher of two
successive readings within 100 mL.  Sodium metabisul-
phite challenge was performed by a method based on
that described by NICHOL et al. [7].  Serial dilutions, over
the range 0.6–160 mg·mL-1, were made up in normal
saline each day.  Aerosols were delivered from a nebu-
lizer attached to a breath-actuated dosimeter (MEFAR,
Brescia, Italy); the nebulizer was set to nebulize for 1 s
with a pause time of 6 s at a pressure of 22 lb·in-2 (152
kPa) and delivered 6.5 µL·puff-1.  Subjects inhaled dou-
bling doses (0.03–64 µmol) of sodium metabisulphite in
1–4 breaths by inspiring rapidly from functional resid-
ual capacity to total lung capacity, holding their breath
for 3 s and exhaling slowly for 3 s. FEV1 was measured
2 min after each set of inhalations.  The challenge was
discontinued when the FEV1 had fallen by 20% or more,
or when subjects had inhaled the highest cumulative dose
of sodium metabisulphite (128 µmol).

Methacholine challenge was performed by a similar
method.  Serial dilutions of methacholine (Sigma, Poole,
UK) were made up in normal saline over the range
0.42–27 mg·mL-1. Doubling doses (0.02–5.12 µmol) were
administered via the breath-actuated dosimeter every 2
min as in the metabisulphite challenge, except that the
output was 10 µL·puff-1.  FEV1 was measured 2 min
after each inhalation.

Protocol

Subjects attended on four separate occasions at the same
time of day.  Heparin sodium (Monoparin; CP Ltd, UK)
1,000 U·kg-1 (maximum 80,000 U) diluted to 4 mL in nor-
mal saline or placebo (4 mL normal saline) were admin-
istered in random order and double-blind via a jet nebulizer
(output 0.2 mL·min-1;  mass median diameter 5.3 µm),
with the subjects inhaling through a face-mask at tidal vol-
ume until the nebulizer was dry.  FEV1 was measured
before, immediately after and 10 min after inhalation.
The sodium metabisulphite or methacholine challenges
proceeded immediately after the 10 min measurement.

Analysis

FEV1 before and after inhalation of heparin or placebo
and change in FEV1 following heparin and placebo were
compared within subjects by paired t-test.  Sodium
metabisulphite and methacholine PD20 values were cal-
culated by linear interpolation of the cumulative log dose-
response curve.  The PD20 values were log transformed
for analysis and expressed as geometric mean values.
The differences in PD20 between heparin and placebo
for sodium metabisulphite and methacholine were com-
pared by a paired t-test and expressed as doubling doses
with 95% confidence intervals (95% CI).  The study had
90% power to detect a difference in sodium metabisul-
phite PD20 of one doubling dose and 80% power to detect
the same difference in methacholine PD20.

Results

Inhaled heparin was well-tolerated and caused no sig-
nificant change in FEV1 in either study.  The combined
mean (SEM) FEV1 was 3.62 (0.27) and 3.61 (0.21) L,
respectively,  before and 10 min after inhaled normal
saline, and 3.60 (0.28) and 3.60 (0.26) L, respectively,
before and 10 min after inhaled heparin.  In a prelimi-
nary study of two subjects, there was no evidence of pro-
longation of the activated partial thromboplastin time
(APPT) after inhaled heparin (1,000 U·kg-1).

Inhaled heparin had no significant effect on the posi-
tion of the dose-response curve to sodium metabisulphite
or methacholine.  The geometric mean sodium metabisul-
phite PD20 was 2.15 and 2.54 µmol after inhaled heparin
and placebo, respectively (mean difference -0.24 doub-
ling doses;  95% CI -0.64–0.17;  p=0.67) (fig. 1).  The
geometric mean methacholine PD20 was 1.51 and 1.00
µmol after inhaled heparin and placebo, respectively
(mean difference 0.6 doubling doses;  95% CI -0.25–1.5;
p=0.21) (fig. 2).
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Table 1.  –  Characteristics of subjects studied
Subject Sex Age Treatment FEV1 FEV1

No. Yrs L % pred

1 M 36 S,B 3.40 81
2 M 34 S,B 4.20 95
3 F 39 S,B 2.25 74
4 M 23 S 4.70 104
5 M 42 S 3.30 82
6 M 33 S 2.75 66
7 F 31 S,B 3.40 108
8 M 33 S 4.05 90
9 M 33 S 4.30 96

10 F 41 S 2.45 95
11 M 27 S 5.05 112

Mean 34 3.62 91

Subjects Nos. 10 and 11 participated in the first study only.
S:  salbutamol;  B:  beclomethasone dipropionate;  M: male;
F:  female; FEV1:  forced expiratory volume in one second;
% pred: percentage of predicted value.
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Fig. 1.  –  Individual sodium metabisulphite (MBS) PD20 values after
inhaled heparin and placebo.  Horizontal bar=geometric mean.  PD20:
provocative dose causing a 20% fall in forced expiratory volume in
one second.
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Discussion

We have shown that heparin inhaled at a dose that is
the same [2] or greater [1] than has been shown to inhib-
it allergen and exercise-induced bronchoconstriction in
man [1, 2], and produces maximum inhibition of aller-
gen-induced bronchoconstriction in allergic sheep [8],
has no effect on the response to sodium metabisulphite
or methacholine.

The lack of effect of inhaled heparin against the response
to the directly acting spasmogen methacholine is in agree-
ment with previous studies showing that heparin has no
effect on histamine and carbachol-induced bronchocon-
striction in sheep [8] or histamine-induced bronchocon-
striction in subjects with asthma [2]. Ours is the first
study to examine the effect of inhaled heparin on the
neurally-mediated bronchoconstrictor response to sodium
metabisulphite, although intravenous heparin has previ-
ously been shown to inhibit the enhanced bronchocon-
strictor response to direct vagal stimulation in allergen
challenged guinea-pigs [5].

Our interest in the effects of inhaled heparin on sodi-
um metabisulphite-induced bronchoconstriction was stim-
ulated by reports that intravenously applied heparin
restored the allergen-induced M2 autoreceptor dysfunc-
tion in sensitized guinea-pigs [5]. The probable mecha-
nism is binding and neutralization of the polycationic
endogenous M2 receptor antagonist major basic protein
[9].  Since hyperresponsiveness (in asthma) to irritant
stimuli, such as inhaled sodium metabisulphite or sulphur-
dioxide, is thought to be partly due to M2 receptor dys-
function [6] and this dysfunction might be due to the
effects of major basic protein, we hypothesized that
heparin would inhibit the response to sodium metabisul-
phite in subjects with asthma.

Our failure to show an inhibitory effect of inhaled
heparin on sodium metabisulphite-induced bronchocon-
striction is unlikely to be due to the timing of the chal-
lenge after heparin inhalation, since time course studies

have shown that the inhibitory effect of inhaled heparin
on allergen-induced bronchoconstriction in Ascaris suum
sensitive sheep is maximal less than 20 min after inhala-
tion [4]. Our negative findings may reflect problems with
access of inhaled heparin to cholinergic nerve endings.
Previous studies [5] showing an inhibitory effect of heparin
on cholinergic neurotransmission in guinea-pigs have
used intravenous heparin (2,000 U·kg-1), where more
complete access of heparin to cholinergic nerve endings
might occur.  Another possible explanation is that the
mechanisms of M2 autoreceptor dysfunction in asthma
and animal models differ.

Heparin has a number of anti-inflammatory effects
including, inhibition of mast cell mediator release [3, 4],
inhibition of aspects of lymphocyte activation [10], and
limitation of the injurious effect of major basic protein
[9], and it has been suggested that it serves a defensive
role in the airways [11].  Our study suggests that this
defensive role does not extend to inhibition of neurally-
induced bronchoconstriction at least if heparin is admin-
istered by inhalation. 

References

1. Bowler SD, Smith SM, Lavercombe PS.  Heparin inhibits
the immediate response to antigen in the skin and lungs
of allergic subjects.  Am Rev Respir Dis 1993; 147: 160–163.

2. Ahmed T, Garrigo J, Danto I.  Preventing bronchocon-
striction in exercise-induced asthma with inhaled heparin.
N Engl J Med 1993; 329: 90–95.

3. Lucio J, D'Brot J, Guo C-B, et al.  Immunological mast
cell-mediated responses are attenuated by heparin.  J Appl
Physiol 1992; 73: 1093–1101.

4. Ahmed T, Syriste T, Lucio J, Abraham W, Robinson M,
D'Brot J.  Inhibition of antigen-induced airway and cuta-
neous responses by heparin:  a pharmacodynamic study.
J Appl Physiol 1993; 74: 1492–1498.

5. Fryer AD, Jacoby DB.  Function of pulmonary M2 recep-
tors in antigen-challenged guinea-pigs is retored by
heparin and poly-L-glutamate.  J Clin Invest 1992; 90:
2292–2298.

6. Minette PAH, Lammers J, Dixon MS, Barnes PJ.  A
muscrinic agonist inhibits reflex bronchoconstriction in
normal but not in asthmatic subjects. J Appl Physiol
1989; 67: 2461–2465.

7. Nichol GM, Nix A, Chung KF, Barnes PJ.  Characterisa-
tion of bronchoconstriction responses to sodium metabisul-
phite aerosol in atopic subjects with and without asthma.
Thorax 1989; 44: 1009–1014.

8. Ahmed T, Abraham WM, D'Brot J.  Effects of heparin
on immunologic and nonimmunologic bronchoconstrictor
responses in sheep.  Am Rev Respir Dis 1992; 145:
566–570.

9. Jaccoby DB, Gjeich GJ, Fryer AD.  Human eosinophil
major basic protein is an endogenous allosteric antago-
nist at the inhibitory muscarinic M2 receptor.  J Clin
Invest 1993; 91: 1314–1318.

10. Frieri M, Metcalf DD.  Analysis of the effects of mast
cell granules on lymphocyte blastogenesis in the absence
and presence of mitogens:  identification of heparin as
a granule associated suppressor factor.  J Immunol 1983;
131: 1942–1947.

11. Page CP.  One explanation of the asthma paradox:  inhi-
bition of natural anti-inflammatory mechanism by beta2-
agonists.  Lancet 1991; 337: 717–720.

EFFECT OF HEPARIN ON BRONCHIAL REACTIVITY IN ASTHMA 219

Placebo Heparin

100

10

1

0.1

0.01

M
et

ha
ch

ol
in

e 
PD

20
 µ

m
ol

Fig. 2. – Individual methacholine PD20 values after inhaled heparin
and placebo.  Horizontal bar=geometric mean.  PD20:  provocative dose
causing a 20% fall in forced expiratory volume in one second.


