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Abstract
Background - Sodium metabisulphite
(MBS) is known to induce broncho-
constriction in asthmatic patients. The
effects of MBS on guinea pig airway
smooth muscle and on neurally mediated
contraction in vitro have been examined.
Methods - Tracheal and bronchial airway
segments were placed in oxygenated buffer
solution and electrical field stimulation
was performed in the presence of indo-
methacin (10-5 M) and propranolol (10-6
M) for the measurement of isometric ten-
sion. Atropine (10-6M) was added to bron-
chial tissues.
Results- Concentrations ofMBS up to I0O
M had no direct effect on airway smooth
muscle contraction and did not alter either
tracheal smooth muscle contraction in-
duced by electrical field stimulation at
all frequencies or acetylcholine-induced
tracheal smoothmuscle contraction. There
was a similar response in the absence of
epithelium, except for potentiation of the
response induced by electrical field stimu-
lation at 0-5 Hz (24 (10)% increase).
However, MBS (10-5, 10-6 and 10-' M)
augmented neurally-mediated non-ad-
renergic non-cholinergic contractile re-

sponses in the bronchi (13.3 (3-2)%, 23-8
(9'6)%, and 6-4 (1.6)%, respectively). MBS
had no effect on the contractile response
induced by substance P, but at higher con-

centrations (10-3 M and 1o-4 M) it caused
a time-dependent attenuation ofresponses
induced by either electrical field stimu-
lation or exogenously applied acetyl-
choline or substance P.
Conclusions - MBS had no direct con-
tractile responses but enhanced broncho-
constriction induced by activation of
non-cholinergic neural pathways in the
bronchus, probably through increased re-
lease of neuropeptides. At high con-

centrations MBS inhibited contractile
responses initiated by receptor or neural
stimulation.
(Thorax 1995;50:875-879)
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Sodium metabisulphite (MBS) is widely used
as a food preservative and can induce broncho-
constriction in patients with asthma but not in
normal individuals."A MBS-induced broncho-
constriction is mediated through cholin-

ergic pathways to a small extent,23 and it is
possible that the non-cholinergic component of
this response involves the release oftachykinins.
Studies in the anaesthetised guinea pig have
shown that, while a cholinergic reflex is
partly involved in MBS-induced broncho-
constriction,4 tachykinins acting partially
through both neurokinin NK, and NK2 re-
ceptors may also be released.5 In addition, MBS
induces plasma extravasation in the airways
of guinea pigs, an effect which is also partly
mediated through tachykinin release.6 It is not
known, however, whether MBS could have
direct or indirect effects on airway smooth
muscle responses.

In the present study we have examined the
responses of the guinea pig airway smooth
muscle to MBS added directly to airway pre-
parations in vitro under isometric conditions. In
addition, we determined whether MBS could
modulate airway smooth muscle responses in-
duced by the release of acetylcholine and tachy-
kinins from airway nerves. Because guinea
pig tracheal preparations demonstrate a pre-
dominantly cholinergic response and bronchial
preparations both cholinergic and non-cho-
linergic components following electrical field
stimulation,7 we examined the effects of MBS
on the contractile responses of both tracheal
and bronchial preparations to electrical field
stimulation.

Methods
TISSUE PREPARATION
Male Dunkin-Hartley guinea pigs weighing
350-500 g were sacrificed by cervical dis-
location. The airways (from larynx to whole
lung) were rapidly removed and placed in oxy-
genated modified Krebs-Henseleit solution of
the following composition (mM): NaCl 118,
KCI 5 9, MgSO4 1-2, CaCl2 2-5, NaHCO3
25-5, and glucose 5 05. After careful dissection
of connective tissue and lung parenchyma from
the airway (from larynx to second generation
bronchi), the trachea was opened longitudinally
by cutting through the cartilage in its anterior
aspect (opposite the smooth muscle layer) and
then cut transversely with each segment con-
taining 3-4 cartilaginous rings. In some ex-
periments removal of the airway epithelial layer
was achieved by gently rubbing the luminal
surface to the trachea with a cotton wool ap-
plicator, which consistently achieves epithelial
denudation as assessed by light microscopy.7
For the bronchial preparations bronchi were
separated into main and hilar sections re-
spectively.
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Tracheal and bronchial strips were sus-
pended between platinum plate electrodes ap-
proximately 15 cm apart in 15 ml organ baths
containing Krebs solution bubbled con-
tinuously with a mixture of 95% 02 and 5%
CO2 at 37°C with pH at 7-4. Indomethacin
(10-5 M) and propranolol (10 6 M) were pres-
ent throughout the experiments, and atropine
(10 6M) was added for studies involving bron-
chial strips only. Atropine was not added to
tracheal strips because it completely abolishes
responses to electrical field stimulation.7 The
segments were left to equilibrate for at least
one hour with frequent washing and the resting
tensions were adjusted to 1P5 g for the trachea
and 0 5 g for the bronchi. These resting ten-
sions were previously found to be optimal for
measuring changes in isometric tensions. Iso-
metric contractile responses were measured
with Grass FT.03 force displacement trans-
ducers and recorded on a Graphic Linearcorder
(Mark VII) polygraph (Graphtec Ltd, Nant-
wich, Cheshire, UK).

ELECTRICAL FIELD STIMULATION
Biphasic square wave pulses were delivered for
20 second periods from an electrical stimulator
with a voltage of 20V at source and pulse
duration of 0 5 m. Tracheal strips were first
stimulated with the maximum frequency of
50 Hz four successive times, at intervals ofthree
minutes each. A control frequency-response
curve of the strips was performed after the
resting tension had returned to a stable base-
line. For each frequency-response curve, pulses
of increasing frequency (from 0 5 to 50 Hz)
were delivered every three minutes. Two suc-
cessive reproducible control frequency-re-
sponse curves were obtained before MBS or
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diluent was added to the bath. After incubating
for 20 minutes, electrical field stimulation was
repeated in the same tissue with increasing
frequencies of stimulation.
For bronchial strips, stimuli at a frequency

of 8 Hz were delivered every 30 minutes after
the resting tension of the smooth muscle had
returned to its baseline. A frequency-response
curve of the bronchial preparation was not
possible to perform because repeated stimu-
lations at different frequencies gave in-
consistent responses. However, repeated
stimulations at a single frequency were
reproducible and at least two successive
reproducible control responses to 8 Hz were
obtained before MBS or diluent was added
to the bath. Electrical field stimulation was
repeated after incubation for 20 minutes with
the drugs. Only one concentration ofMBS was
tested for each tracheal or bronchial pre-
paration (10-7-10-3 M).

ACETYLCHOLINE AND SUBSTANCE P RESPONSES
The effects of MBS (10-3 M and 10 6 M) on
cumulative concentration responses to acetyl-
choline (10-8_10-3 M) were studied in tracheal
strips, and to substance P (10-8-10 M) were
studied in both tracheal (with epithelium intact
or removed) and bronchial strips. The results
were expressed as a percentage ofthe maximum
contraction induced by the agonists themselves,
but for substance P the results were expressed
as a percentage of the maximum contraction
induced by carbachol (10-3 M).

DRUGS AND SOLUTIONS
Drugs and chemicals were obtained from the
following sources: atropine sulphate (Phoenix
Pharmaceuticals Ltd, Gloucester, UK); pro-
pranolol hydrochloride (Zeneca plc, Mac-
clesfield, UK); substance P, acetylcholine
chloride, indomethacin, and MBS (Sigma
Chemical Co, Poole, UK). Stock solutions of
MBS were made up in distilled water 24 hours
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Figure 1 Effect of sodium metabisulphite (MBS 10 6M) or
responses ofguinea pig tracheal smooth muscle strips induced b.
electrical field stimulation (0 5-50 Hz, 20 V, 0-5 ms, 20 s) in;
(10-6M) and indomethacin (10-5 M). The epithelium has be
shown as mean (SE) of 5-6 guinea pigs.

MBS concentratio- iM)

16 32 50 Figure 2 Enhancing effect of sodium metabisulphite
(MBS 10 7-iO5'M) expressed as percentage increase
above control responses on non-adrenergic, non-cholinergic
contraction of guinea pig bronchial smooth muscle strips

control on contractile induced by electical field stimulation at 8Hz (20 V-
y increasing frequencies of 0 5 ms, 20s) in the presence ofpropranolol (10-6M),
the presence ofpropranolol atropine (10-6M), and indomethacin (10- M). Data
en left intact. Data are are shown as mean (SE) of 6-8 guinea pigs. *p<005;**p<0.01 compared with vehicle-treated tissues.
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100- 8 Hz DATA ANALYSISResults are expressed as mean (SE). Electrical

EM 32 Hz field stimulation frequency-response curves
were first obtained in the absence of MBS and

80 then repeated in the presence of one single
0) u

T | | | | | | | [ ~~~~~~concentration of MBS or diluent. Aitwo-tailed
paired Student's t test was used to determine

e 60 the difference between sham-treated and MBS-
(D T S B B g S S treated groups. The effects of MBS were ex-
-O T C HS SS %S m X X pressed as a percentage ofpretreatment control

40 response at each frequency of stimulation.
For agonist-induced concentration response

0
T m | | W g g g curves, either acetylcholine-induced or sub-

20 stance P-induced responses were performed in
the presence of either MBS or diluent. For
responses to acetylcholine the effective con-
centration needed to cause 50% of the maximal

15 30 45 60 75 90 15 contractile response (EC50) was calculated from
concentration-response curves. EC50 values are

Time course (min) reported as geometric means and geometric
standard error of the mean. The Mann-Whit-

Figure 3 Time course of the inhibitory effect of sodium metabisulphite (MBS 10-3M) ney U test was also used to analyse the differ-
on the contraction of guinea pig tracheal strips induced by electtical field stimulation at 8
and 32Hz. The epithelium has been left intact. Data are shown as mean (SE) of 5 ences. p values of <005 were considered to be
guinea pigs and expressed as percentage response in the absence ofMBS. significant.

before the experiment and then further diluted
also in distilled water to the appropriate con-
centration on the experimental day. Fresh so-
lutions of drugs were made up daily. The
control solutions for MBS were made by ad-
justing the pH of distilled water to the same
pH as MBS solution (10-' M; pH 3 75) using
sulphuric acid.

Results
MBS in concentrations ranging from 10-' M
to 10-' M had no direct contractile effect on
guinea pig trachea or bronchial preparations
(n=5-8). Removal of the airway epithelium
had no effect on the direct contractile effects.
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Figure 4 Effect of sodium metabisulphite (MBS 10-6 and 10-3M) on contraction of (A, B) guinea pig tracheal
smooth muscle strips induced by exogenously applied acetykholine, and (C, D) guinea pig bronchial strips by substance P
in the presence ofpropranolol (106M) and indomethacin (10-5M). Data are shown as mean (SE) of 4-5 guinea
pigs. Responses of tracheal smooth muscle are expressed as percentage of maximum contraction induced by acetylcholine
(3 x 103M) or of bronchial strips by carbachol (10-3M). 0 = Sham-treated; 0 =MBS-treated. *p<0 05;
**p<0.01 compared with MBS-treated responses.
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EFFECT OF MBS ON RESPONSES TO ELECTRICAL
FIELD STIMULATION
MBS (10-7_10-5 M) had no effect on electrical
field stimulation responses at frequency stimu-
lation of 0 5-50 Hz in tracheal strips, apart
from an augmentation at 0 5 Hz. Figure 1
shows the effect of MBS at 10'6 M in tracheal
strips with an intact epithelium. By contrast,
concentrations ofMBS at 10-7, 10-6, and 10'
M significantly enhanced non-adrenergic non-

cholinergic contractile responses in the guinea
pig bronchial preparations (fig 2). The en-

hancement was maximal at a concentration of
10-6 M (23i8 (9 6)%). Although the en-

hancement found at 10-7 M was significant
when compared with responses after vehicle
alone, this effect was small. The addition of
diluent alone had no significant effect. This
enhancement was unaffected by removal of
airway epithelium in both tracheal and bron-
chial preparations.
At higher concentrations of MBS (10' and

10-4 M) there was a time-dependent at-
tenuation of contractile responses induced by
electrical field stimulation in both tracheal and
bronchial preparations. Maximal inhibition was
observed with 10-3 M MBS within 15 minutes
of incubation with a gradual loss of inhibition
with successive stimulations (fig 3). Maximal
recovery to baseline responses occurred by 75
minutes of incubation (fig 3). This was not
affected by removal of the epithelium.

EFFECT OF MBS ON RESPONSES TO
RECEPTOR-MEDIATED STIMULI
MBS (10-6 M) had no effect on acetylcholine-
induced isometric contractile responses in the
tracheal strips either with or without epithelial
denudation. However, at the higher con-

centration of 10-3 M there was a significant
increase in the EC50 from 2-36 (geometric
standard error of mean 1-42) x 10'6 M to
19 1 (1-77) x 10-6 M (n=5; p<0 05), but
maximal responses to acetylcholine were not
inhibited. In addition, similar responses were

observed with MBS at 10' M on substance
P-induced contractile responses which were

significantly inhibited at all concentrations for
both tracheal and bronchial preparations; thus,
at 10 6 M, substance P induced a contractile
response of 28 (5 0)% of the maximal response
compared with only 6-2 (2 0)% in the presence
of MBS (10-3 M) (p<0005; fig 4).

Discussion
We have shown that MBS does not have direct
contractile responses on guinea pig airway
smooth muscle. Although MBS did not aug-
ment the cholinergic component ofthe tracheal
response to electrical field stimulation, it in-
creased non-adrenergic non-cholinergic re-

sponses in bronchi at concentrations that did

not affect contractile responses to substance
P. Thus, MBS may augment the release of
tachykinins from airway nerves induced by elec-
trical field stimulation, while having no effect in
the unstimulated airway preparation. At higher
concentrations MBS inhibited contractile re-

sponses to acetylcholine and substance P in
tracheal and bronchial strips, suggesting a gen-
eralised effect on airway contractile responses,
possibly by an interaction of MBS with airway
smooth muscle receptors. Our study shows that
MBS has a complex modulatory role on airway
smooth muscle depending on the level of the
airway and the concentration of MBS.
We performed this study in order to elucidate

the mechanisms by which inhaled MBS induces
bronchoconstriction in patients with asthma,
although non-asthmatic subjects usually do not
respond.'2 MBS has been shown to increase
bronchial blood flow in the conscious sheep8
and to induce airway microvascular leakage
in the guinea pig.6 MBS may therefore cause
luminal airway narrowing through bronchial
vasodilation and the induction of bronchial
airway wall oedema. In view of the limited
effect of anticholinergic agents in blocking
MBS-induced bronchoconstriction in both
asthmatic patients and guinea pigs," it has
been proposed that MBS induces airway nar-
rowing in vivo through indirect mechanisms
such as activation of non-cholinergic nerves.
We could not show a direct effect of MBS on
isometric contractile responses in guinea pig
trachea or bronchi, either in the presence or
absence ofan intact epithelium, which indicates
that MBS does not have a direct contractile
effect on airway smooth muscle. The absence
of a cholinergic component in vitro, in
contrast to the in vivo effects of cholinergic
blockade,2-4 suggests that intact cholinergic
pathways are necessary for showing such an
effect.
Although MBS had no direct contractile

effects, we found that it caused potentiation of
contractile responses induced by electrical field
stimulation in the presence of atropine with a
maximal effect of the order of 24% at 10-6 M,
a similar range to the potentiation induced by
bradykinin.9 The effect of MBS at 10-7 M,
however, although statistically significant, was
small. Because there were no direct effects
of MBS at these concentrations on isometric
contractile responses induced by substance P,
it is likely that MBS was enhancing the release
of tachykinins from sensitisation of airway
nerves. This effect has been previously reported
for bradykinin. Miura and colleagues have
shown that bradykinin at concentrations that
had no direct contractile effects on guinea pig
airways also potentiated non-adrenergic non-
cholinergic constrictor responses, presumably
through an enhancement oftachykinin release.9
This effect was mediated through stimulation
of bradykinin 12 receptors. It is unlikely that
the effects of MBS were mediated via this
receptor because, in previous studies, we have
shown that the bradykinin 12 receptor ant-
agonist was not effective in inhibiting MBS-
induced airway effects in the guinea pig.'0
There is evidence to suggest that sulphur

dioxide, which is generated from MBS so-
lutions, may activate airway nerves. Thus, SO2
delivered to the lower airways of anaesthetised
dogs stimulates bronchial and pulmonary C
fibres with reflex increases in tracheal smooth
muscle tone." Our studies suggest that, in
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addition to inducing reflex effects, SO2 gen-
erated from MBS may enhance the stimulation
of local airway C fibre. This may represent a
mechanism by which local axon reflexes, which
have been postulated in the airways,'2 may
be enhanced. An increase in the number of
substance P-containing airway nerves has
been reported in the airways of patients with
asthma,'3 an observation which may account
for a greater propensity for bronchoconstriction
to MBS in asthmatic than in non-asthmatic
subjects.' 2
One mechanism by which sulphur dioxide

and sulphites may induce bronchoconstriction
in asthmatics is through their effect in in-
creasing airway mucosal acidity. Sodium meta-
bisulphite and sulphur dioxide convert to
bisulphite'4 and bisulphite, in turn, enters into
equilibrium with the sulphite ions.'5 These re-
actions are accompanied by the release of hy-
drogen ions, thereby acting as acids. Although
the bronchoconstrictor effects of sodium sul-
phite, to which MBS is converted, are pH-
dependent with the greatest effects occurring
at low pH, acidity itself is unlikely to be the
stimulus for bronchoconstriction.'6 It is un-
likely that the in vitro airway preparations were
exposed to an acid solution because of the
buffering capacity of the Kreb's solution. Ad-
dition ofMBS to a maximum concentration of
o0-3 M to Kreb's solution did not alter its pH.

In addition, a solution of sulphuric acid with
a similar pH to MBS at 10- M did not induce
airway smooth muscle contraction or aug-
mentation of non-adrenergic, non-cholinergic
responses.
Sodium sulphite is highly reactive with pro-

teins'7 and can bind to rat airways.'8 Sulphite
ions interact with disulphide bonds which can
play a critical part in numerous cell membrane
receptors.'9 Sulphonation by sulphites of spe-
cific disulphide bonds in the neuromuscular
junction has been shown to increase spon-
taneous acetylcholine release in frog pectoral
muscle by acting through a presynaptic mem-

202brane protein. 021 In addition, sodium sulphite
has been shown to increase transmitter release
from the noradrenergic system in the mouse.22
Thus, MBS may increase the release of acetyl-
choline or tachykinins induced by electrical
field stimulation through sulphonation of di-
sulphide bonds prejunctionally.
At high concentrations of MBS the direct

contractile effects of acetylcholine and sub-
stance P were significantly inhibited with a
rightward shift of the concentration-response
curve without affecting the maximal response
for the acetylcholine response. This suggests
that MBS may be directly or indirectly acting
as a competitive antagonist at the receptor sites
of acetylcholine and substance P in a reversible
fashion. Contractile responses to electrical
field stimulation were inhibited at high con-
centrations of MBS, which may result from an
effect of the contractile neural mediator on
airway smooth muscle rather than an effect on
their release, although the latter mechanism
cannot be completely excluded. These in-
hibitory effects were reversible with repeated
successive stimulations. The mechanism for

this reversible inhibitory effect is unclear. One
potential mechanism may involve the further
interaction ofMBS at high concentrations with
sulphydryl groups or disulphide bridges ofvari-
ous receptors on the smooth muscle membrane
to alter receptor function or binding prop-
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