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Dose-response relationship and time-course of the effect of
inhaled magnesium sulphate on airflow in normal and
asthmatic subjects

JENNIFER HILL & JOHN BRITTON
Division of Respiratory Medicine, City Hospital, Nottingham, UK

1 Magnesium is a dietary cation with a wide range of actions of potential
relevance to asthma.

2 To determine the dose-response relationship and time-course of the effect of
inhaled magnesium sulphate on the airway, we have studied the effect of 0, 90,
135, 180 and 360mg of magnesium sulphate given by nebulizer on specific
airways conductance (sGaw) in 20 normal subjects, and forced expiratory
volume in one second (FEV1), forced vital capacity (FVC), flow at 25% forced
vital capacity (Vmax25) and peak expiratory flow (PEF) in 19 asthmatic
subjects.

3 On five occasions after baseline measurements of airway calibre, one of the five
doses of magnesium sulphate in 3 ml normal saline was administered by
nebulizer in a randomized, double-blind design. Measurements of sGaw or

FEV1, FVC, Vmax25 and PEF were made at 5 and 10 min after nebulization
and at 10 min intervals thereafter up to 90 min.

4 There was no significant difference in the mean area under the curve (AUC)
for change from baseline in sGaw or maximum increase from baseline between
doses in normal subjects.

5 In asthmatic subjects there was no significant difference in the mean AUC for
change from baseline in FEV1, FVC or Vmax25 when compared between doses
by analysis of variance. There was a difference in the mean AUC for change
from baseline in PEF between doses (ANOVA P for all groups 0.052) but this
can be explained by a detrimental effect of the maximum dose of magnesium
sulphate.

6 It would appear that inhaled magnesium does not act as a bronchodilator in
normal or asthmatic subjects.
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Introduction

Magnesium is the second commonest intracellular cation
in human tissue and is an essential component of the
diet. It has a wide range of actions of potential relevance
to the airway including the inhibition of vascular [1]
and bronchial [2, 3] smooth muscle contraction, the
inhibition of acetylcholine release from cholinergic nerve
terminals [4] and histamine release from mast cells [5],
and the stimulation of nitric oxide generation [6, 7]
and prostacyclin synthesis [8, 9]. We have previously
shown that a lower dietary intake of magnesium in the

general population is associated with impairment of
FEV1 and a higher risk of wheezing and of airway
hyperreactivity [10].

Benefit from intravenous magnesium in acute and
stable asthma has been reported in several uncontrolled
[11-14] and controlled [15-17] studies, although not
all studies have confirmed this [18, 19]. There is much
less information available on the effects of inhaled
magnesium on the airway, but two studies of single
doses of nebulized magnesium have demonstrated
protection against bronchoconstriction induced by
methacholine and histamine, by the order of a two fold
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increase in the PD20 for these agents [20, 21]. One
double-blind study in 84 asthmatic subjects assessed the
benefit of nebulized magnesium sulphate (1.5 g) as an
adjunct to 3-adrenoceptor agonist therapy in the
treatment of acute asthma [22], and concluded that
this therapy reduced hospital admissions in mild acute
asthma and pulsus paradoxus in severe acute asthma.
Thus there is evidence that magnesium may be a
bronchodilator, but to date the time-course and dose-
response relationship of the effect of inhaled magnesium
on the airways has not been characterized in placebo-
controlled studies. The present study was conducted to
explore these effects in normal and asthmatic airways.

Methods

Subjects

We studied 20 normal non-smoking subjects and
initially 20 subjects with stable asthma aged 25-55
years. The asthmatic subjects were documented as
showing an increase in FEV1 of at least 15% after
200 pg inhaled salbutamol. All were receiving therapy
with inhaled f3-adrenoceptor agonists and inhaled
corticosteroids. Subjects were included if taking oral
theophylline so long as their dose was kept constant
throughout the study. All subjects were asked to
withhold ,-adrenoceptor drugs for 6h prior to each
study visit and were asked to keep their intake of
caffeine-containing beverages constant on each of the
study days. Subjects gave written consent and the study
was approved by the City Hospital Ethics Committee.

Methods

Specific airways conductance (sGaw) was measured in
normal subjects using a body plethysmograph (Gould
2800 Autobox) on line to a microprocessor, and
calculated from the mean of three consecutive
measurements, each of which analysed three panting
breaths. In the asthmatic subjects 1 s forced expiratory
volume (FEV1) was measured from a flow-volume
manoeuvre using the Alpha spirometer (Vitalograph
Ltd, Buckingham, UK) so that forced vital capacity
(FVC), maximum flow at 25% forced vital capacity
(Vmax25) and peak expiratory flow (PEF) could
also be derived, and the best of three attempts was
accepted. Twenty sets of 0, 90, 135, 180 and 360 mg
dried magnesium sulphate BP (Thornton and Ross,
Huddersfield, UK) were weighed and stored in the
Pharmacy department in airtight containers. These
doses were selected on the basis that previous workers
have reported a reduction in bronchial reactivity to
histamine and methacholine after doses of 198 and
97 mg respectively [20, 21]. We also included a higher
dose to investigate the dose-response curve of inhaled
magnesium.

Procedure

Subjects were studied at the same time of day on 5
different days. Baseline sGaw or FEV1 was measured,
and the study continued providing that the baseline
sGaw on each study day was within 15% of that on
day 1. One of the four doses of magnesium sulphate or
placebo was then dissolved in 3 ml normal saline by an
independent technician and administered according to
a randomized, double-blind protocol. The 3 ml solution
was nebulized to dryness in an Inspiron nebuliser
(Rusch, High Wycombe, UK) driven by air at 8 1 min-1,
and sGaw or FEV1, FVC, Vmax25 and PEF measured
at 5 and 10 min after nebulisation in normal and
asthmatic subjects respectively, and at 10 min intervals
thereafter for a total of 90 min.

Analysis

Change in sGaw and change from baseline in FEV1,
FVC, Vmax25 and PEF were plotted against time and
the area under the curve (AUC) calculated by trapezoid
integration for each magnesium sulphate dose in each
subject. AUC was compared between doses by analysis
of variance within subjects using SPSS.PC Version 4.1.
The maximum increase in sGaw or FEVY, FVC, Vmax25
and PEF was compared between doses for all subjects.

Power

The study was of a conventional randomized, double-
blind, crossover design and therefore involved within
subject comparisons of the endpoints. Taking the
coefficient of variation of sGaw measurements to be
15% [23] we calculated using standard formulae [24]
that 20 normal subjects would provide more than 95%
power to detect a 20% or greater increase in sGaw after
any single magnesium dose. Defining a 150 ml change
in FEV1 as the minimum change we wished to detect
and taking published evidence that the within-subject
standard deviation for repeated measures of FEV1 is
less than 100 ml [25, 26] we calculated that 20 subjects
would provide more than 90% power to detect these
effects at the 5% significance level.

Results

Normal subjects

There were 11 male and 9 female normal subjects with
a mean age of 32.8 years (range 26-45 years). The mean
baseline (s.e. mean) sGaw for all 20 subjects was
0.22 (0.019) s1 kPa1- . Figure 1 shows the change in
mean sGaw from baseline over time for each of the five
doses of magnesium sulphate. There was an increase in
the mean sGaw over time with all five doses of
magnesium sulphate, the peak response occurring at
around 70 min. However there was no obvious difference
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Table 1 Mean AUC for change from baseline in sGaw over
time and mean maximum increase (MI) in sGaw from
baseline in 20 normal subjects

Dose (mg)
0 90 135 180 360

Mean AUC 1.05 1.57 1.23 1.20 1.86
S.e. mean 0.43 0.69 0.57 0.59 0.91
Mean MI 0.040 0.051 0.048 0.043 0.063
S.e. mean 0.006 0.011 0.011 0.010 0.014

Figure 1 Mean change in sGaw from bas
subjects, and mean change in FEV1 and V
baseline in 19 asthmatic subjects over time
magnesium sulphate. (O 0 mg; * 90 mg; <
* 180mg; a 360mg.)

in the change in sGaw from baseline b
five doses. The mean AUC (in s-
absolute change from baseline in sGa
five doses of magnesium sulphate is s
There was no significant difference ir
for change from baseline in sGaw in
between doses (ANOVA for all group
mean difference in AUC between dos
dose 1 (placebo) was 0.81 (95% confid
-0.89 to 2.51).
The mean maximum increase in sG

with each dose of magnesium sulphate is also shown in
Table 1. There was no difference in the mean maximum
increase in sGaw from baseline between doses (ANOVA
for all groups P=0.598). The mean difference in
maximum increase between dose 5 and dose 1 was 23.8
(CI -9.77 to 57.37).

Asthmatic subjects

One of the initial 20 asthmatic subjects who took part
developed symptomatic bronchoconstriction within
10 min of the administration of the third dose of
magnesium sulphate studied, which proved to be
the maximum dose, and required a nebulizer of
0-adrenoceptor agonist. The subject did not therefore
contribute any results for further analysis. The remaining
19 subjects, 11 male, had a mean (s.e. mean) baseline
FEV1 of 2.3 litres (0.16), mean % predicted 66.7%, and
had a mean age of 42.3 years (range 25-55). All patients

9 /o were receiving regular inhaled steroids and as required
,3-adrenoceptor agonist therapy. Three subjects were
receiving regular oral methylxanthines. Graphs for the
mean change in FEV1, and Vmax25 from baseline for
the remaining 19 subjects for each of the five doses of
magnesium sulphate over time are shown in Figure 1.
The maximum dose of magnesium sulphate caused a
drop in FEV1, FVC, Vmax25 and PEF at 5 min which
increased over time. After this initial drop with the
maximum dose of magnesium sulphate there was an

60 70 80 90 increase over time in all of these lung function measures
with the peak effect seen between 50 and 60 min.
However there was no obvious difference between the

melxe m 20 normal five doses in the magnitude of this increase, apart from

for five doses of a suggestion that the 180 mg dose of magnesium might
O 13f5 mg; have caused a greater increase in PEF than the other

doses. The AUC for absolute mean change from baseline
in FEV1, FVC, Vmax25 and PEF are shown in Table 2
and were compared between doses by analysis of

etween any of the variance within subjects. There was no significant
1 kPa- 1 min) for difference in the mean AUC for change from baseline in
w for each of the FEV1 (P=0.33), FVC (P=0.97) or PEF (P=0.058)
;hown in Table 1. between doses for the 19 subjects. There was a borderline
i the mean AUC significant difference in the mean AUC for change from
normal subjects baseline in Vmax25 (ANOVA for all groups P=0.052)

)s P=0.712). The but this can be explained by the detrimental effect of
e 5 (360 mg) and the maximum magnesium sulphate dose (dose 1 vs
Lence interval (CI) dose 4 ANOVA P =0.12; dose 1 vs dose 5 ANOVA P=

0.034). The ANOVA was repeated to compare the AUC
raw from baseline for change in FEV1, FVC, Vmax25 and PEF for the
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Table 2 AUC for absolute mean change (s.e. mean) from
baseline in FEV1, FVC, Vmax25 and PEF asthmatic subjects

Dose (mg) FEV1 FVC Vmax25 PEF

0 7.35 10.82 21.83 1058.68
(3.1) (3.7) (10.1) (626.8)

90 8.14 9.2 25.12 817.89
(3.7) (3.5) (11.6) (627.9)

135 8.38 10.17 17.55 930.79
(4.6) (6.3) (11.9) (653.0)

180 8.88 8.59 26.91 1867.89
(3.8) (5.1) (8.9) (641.9)

360 1.7 7.02 2.92 -65.26
(4.5) (5.9) (8.0) (725.5)

ANOVA for all groups P value 0.33 0.97 0.052 0.058

four lower doses of magnesium sulphate, excluding the
maximum dose because of its bronchoconstrictor effects,
and there was no significant difference in the AUC for
mean change from baseline in any of the variables with
the four lower doses of magnesium. The mean difference
in AUC between dose 4 and dose 1 for FEV1 was 1.53
(CI -5.42 to 8.48), for FVC was -2.23 (CI -11.65 to
7.2), for Vmax25 was 5.1 (CI -15.9 to 26.1) and for
PEF was 809 (-556.1 to 2174.8).

There was no difference in the maximum increase
from baseline in FEV1, FVC, Vmax25 or PEF between
doses for the 19 subjects (Table 3). The mean difference
for maximum increase from baseline between dose 4
and dose 1 for FEV1 was 0.05 (CI -9.53 to 9.63), for
FVC was -8.26 (CI - 19.3 to 2.73), for Vmax25 was 0
(CI -0.25 to 0.25) and for PEF was 3.5 (CI - 15.9
to 22.9).

Discussion

This study examined the time-course and dose-response
relationship of the effect of inhaled magnesium on the
airway for the first time in a placebo-controlled trial in
normal and asthmatic subjects. In this double-blind,
randomized study inhaled magnesium did not alter
airway calibre in normal or asthmatic subjects. Our

study was designed to detect a change of at least 20%
in sGaw and a change of 150 ml in FEV1 and it
therefore seems reasonable to conclude that inhaled
magnesium sulphate has no marked effect on airway
calibre in normal or asthmatic subjects.

There is considerable, although not consistent evi-
dence [18, 19] of a beneficial effect of intravenous
magnesium in acute and stable asthma [11-17] and it
is not clear why magnesium sulphate administered by
the inhaled route should not have the same effect.
Magnesium is a vasodilator and it is possible that the
apparent bronchodilator properties of intravenous mag-
nesium are due to baroreflex sympathetic activation
because of vasodilatation and resultant hypotension. It
is also possible that intravenous magnesium does have
direct bronchodilator activity, and there is evidence that
magnesium causes dilatation of rabbit bronchial smooth
muscle in vitro [3]. If magnesium has bronchodilator
properties why was this effect not seen when it was
administered by the inhaled route? There is no published
work on the deposition of magnesium in the lungs when
administered by the inhaled route, and it is possible
that lack of absorption explains our negative results. A
randomized, double-blind, placebo controlled study
showed significant, albeit small, improvements in peak
flow in mild acute asthma and pulsus paradoxus in
acute severe asthma after 1.2 g magnesium sulphate
nebulized in 5 ml normal saline [22]. However, this
group of patients admitted to hospital with acute asthma
is not comparable with that in our study who had stable
asthma, and the effects on asthma in that study were
very small.
Two previous studies have reported a reduction in

bronchial reactivity after inhaled magnesium sulphate
given at doses comparable with doses 2 and 4 in our
study [20, 21]. However, some of the calcium antagon-
ists have weak inhibitory effects on bronchoconstriction
induced by spasmogens such as histamine, methacholine,
exercise and cold air, without clinical evidence that they
are bronchodilators [27, 28]. This has been explained
by the suggestion that the release of endogenous
spasmogens in airway inflammation is mediated largely
via release of calcium from phosphoinositide hydrolysis
and from internal stores and less from calcium entry to
the cell, which is affected by calcium antagonists.
Although the maintenance of tone may depend on some

Table 3 Maximum increase (MI) from baseline (mean (s.e. mean)) in FEV1, FVC, Vmax25 and PEF for asthmatic subjects

Dose (mg) Mean MI FEy1 Mean MI FVC Mean MI Vmax25 Mean MI PEF

0 0.26 0.35 0.73 49.3
(0.045) (0.053) (0.124) (7.3)

90 0.26 0.37 0.77 37.9
(0.043) (0.043) (0.172) (6.5)

135 0.22 0.32 0.62 44.53
(0.055) (0.067) (0.158) (7.9)

180 0.26 0.27 0.73 52.74
(0.049) (0.057) (0.128) (8.9)

360 0.19 0.33 0.54 33.79
(0.052) (0.071) (0.124) (9.5)

ANOVA for all groups P value 0.51 0.32 0.33 0.3
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calcium entry to the cells, this may be via receptor
operated channels, not affected by calcium channel
blockers which act on voltage-dependent channels [28].
However there is evidence from in vitro work that
magnesium acts on receptor-operated as well as voltage-
dependent channels on the cell membrane [29-32] and
intracellularly to prevent calcium release from the
sarcoplasmic reticulum [29, 30, 33, 34]. Thus the
explanation for our apparent lack of any bronchodilator
effects of magnesium sulphate is not clear.
Our asthmatic subjects had evidence of an increase

of at least 15% in FEV1 after 200 gg inhaled salbutamol
and therefore clearly had room for improvement in lung
function. A pilot study in 10 of the 20 normal subjects
showed a mean % increase in sGaw of 43.9 (s.e. mean
8.84) after the same dose of inhaled salbutamol.
The maximum dose of magnesium sulphate had a

detrimental effect on lung function in the asthmatic
subjects. The osmolarity of this solution was
1428 mosm kg-1 and the solution had a pH of 7.9.
When administered slowly using an Inspiron nebulizer
it has been shown that solutions with osmolarities up
to 3005 mosm kg-' do not cause bronchoconstriction
at 20 min after inhalation [35]. It therefore seems
unlikely that this bronchoconstriction is simply a result
of inhaling a more concentrated solution and may be
because magnesium sulphate has bronchoconstrictor
properties at higher doses.

In the light of these results it would seem reasonable
to conclude that inhaled magnesium sulphate does not
possess significant bronchodilator properties in normal
or asthmatic subjects.

This study was supported by a grant from the Medical
Research Council. We are grateful for statistical advice given
by Ms Sarah Lewis and for the help from Ms Kathie Richards
with subject recruitment. The help of Mrs S. Pacey and
Ms H. Tattershall in the Pharmacy department at the City
Hospital is also gratefully acknowledged.

References

1 Altura BM, Altura BT, Carella A. Magnesium deficiency-
induced spasms of umbilical vessels: Relation to preeclamp-
sia, hypertension, growth retardation. Science 1983; 221:
376-378.

2 Haury VG. The bronchio-dilator action of magnesium and
its antagonistic action (dilator action) against pilocarpine,
histamine and barium chloride. J Pharmacol Exp Ther
1938; 64: 58-64.

3 Spivey WH, Skobeloff EM, Levin RM. Effect of magnesium
chloride on rabbit bronchial smooth muscle. Ann Emerg
Med 1990; 19: 1107-1112.

4 del Castillo J, Engbaek L. The nature of the neuromuscular
block produced by magnesium. J Physiol 1954; 124:
370-384.

5 Bois P. Effect of magnesium deficiency on mast cells and
urinary histamine in rats. Br J Exp Path 1963; 44: 151-155.

6 Kemp PA, Gardiner SM, March JE, Bennett T, Rubin PC.
Effects of NG-nitro-L-arginine methyl ester on regional
haemodynamic responses to MgSO4 in conscious rats. Br
J Pharmacol 1994; 111: 325-331.

7 Kemp PA, Gardiner SM, Bennett T, Rubin PC. Magnesium

sulphate reverses the carotid vasoconstriction caused by
endothelin-I, angiotensin II and neuropeptide-Y, but not
that caused by N0-nitro-arginine methyl ester, in conscious
rats. Clin Sci 1993; 85: 175-181.

8 Laurant P, Moussard C, Alberd D, Henry JC, Berthelot A.
In vivo and in vitro magnesium effects on aortic prostacyclin
generation in DOCA-salt hypertensive rats. Prostaglandins
Leukot Essent Fatty Acids 1992; 47: 183-186.

9 Nadler JL, Goodson S, Rude RK. Evidence that prostacy-
clin mediates the vascular action of magnesium in humans.
Hypertension 1987; 9: 379-383.

10 Britton J, Pavord I, Richards K, et al. Dietary magnesium,
lung function, wheezing and airway hyperreactivity in a
random adult population sample. Lancet 1994; 344: 357-62.

11 Kuitert LM, Kletchko SL. Intravenous magnesium sul-
phate in acute, life-threatening asthma. Ann Emerg Med
1991; 20: 1243-1245.

12 McNamara RM, Spivey WH, Skobeloff E, Jacubowitz S.
Intravenous magnesium sulfate in the management of acute
respiratory failure complicating asthma. Ann Emerg Med
1989; 18: 197-199.

13 Noppen M, Vanmaele L, Impens N, Schandevyl W.
Bronchodilating effect of intravenous magnesium sulphate
in acute severe bronchial asthma. Chest 1990; 97: 373-376.

14 Okayama H, Aikawa T, Okayama M, Sesaki H, Mue S,
Takishima T. Bronchodilating effect of intravenous mag-
nesium sulphate in bronchial asthma. JAMA 1987; 257:
1076-1078.

15 Brunner EH, Delabroise AM, Haddad ZH. Effect of
parenteral magnesium on pulmonary function, plasma
cAMP, and histamine in bronchial asthma. J Asthma 1985;
22: 3-11.

16 Skobeloff EM, Spivey WH, McNamara RM, Greenspon L.
Intravenous magnesium sulphate for the treatment of acute
asthma in the emergency department. JAMA 1989; 262:
1210-1213.

17 Rolla G, Bucca C, Caria E, et al.. Acute effect of intravenous
magnesium sulphate on airway obstruction of asthmatic
patients. Ann Allergy 1988; 61: 388-391.

18 Green SM, Rothrock SG. Intravenous magnesium for
acute asthma: failure to decrease emergency treatment
duration or need for hospitalisation. Ann Emerg Med 1992;
21: 260-265.

19 Johnson D, Gallagher C, Cavanaugh M, Yip R, Mayers I.
The lack of effect of routine magnesium administration on
respiratory function in mechanically ventilated patients.
Chest 1993; 104: 536-541.

20 Rolla G, Bucca C, Arossa W, Bugiani M. Magnesium
attenuates methacholine-induced bronchoconstriction in
asthmatics. Magnesium 1987; 6: 201-204.

21 Rolla G, Bucca C, Bugianim M, Arossa W, Spinac S.
Reduction of histamine-induced bronchoconstriction by
magnesium in asthmatic subjects. Allergy 1987; 42:186-188.

22 Plaisance P, Hibon A, Adnet F, Bouexiere D, Richard C,
Payen B. Potentiation of 02-agonists by inhaled magnesium
sulfate in prehospital management of acute bronchial
asthma: a double blind study. Am J Respir Crit Care Med
1994; 149: A190 (Abstract)

23 Tattersfield AE, Keeping IM. Assessing change in airway
calibre-measurement of airway resistance. Br J Clin
Pharmacol 1979; 8: 307-319.

24 Armitage P. The planning of statistical investigations. In
Statistical methods in medical research, Second Edition.
Oxford: Blackwell Scientific Publications, 1971: 179-185.

25 Tweedale PM, Alexander F, McHardy GJR. Short term
variability in FEY1 and bronchodilator responsiveness in
patients with obstructive ventilatory defects. Thorax 1987;
42: 487-490.

C 1995 Blackwell Science Ltd British Journal of Clinical Pharmacology 40, 539-544



544 J. Hill & J. Britton

26 Tweedale PM, Merchant S, Leslie M, Alexander F,
McHardy GJR. Short term variability in FEVI: relation
to pretest activity, level of FEV1, and smoking habits.
Thorax 1984; 39: 928-932.

27 Barnes PJ, Wilson NM, Brown MJ. A calcium antagonist,
nifedipine, modifies exercise-induced asthma. Thorax 1981;
36: 726-730. (Abstract)

28 Middleton E. Calcium antagonists and asthma. J Allergy
Clin Immunol 1985; 76: 341-346.

29 Altura BM, Altura BT. Magnesium and contraction of
arterial smooth muscle. Microvasc Res 1974; 7: 145-155.

30 Altura BM, Altura BT. Magnesium ions and contraction
of vascular smooth muscles: relationship to some vascular
diseases. Fed Proc 1981; 40: 2672-2679.

31 Gilbert D'Angelo EK, Singer HA, Rembold CM.
Magnesium relaxes arterial smooth muscle by decreasing
intracellular Ca2" without changing intracellular Mg2".
J Clin Invest 1992; 89: 1988-1994.

32 Kimura T, Yasue H, Sakaino N, Rokutanda M,

Jougasaki M, Araki H. Effects of magnesium on the tone
of isolated human coronary arteries. Comparison with
diltiazem and nitroglycerine. Circulation 1989; 79:
1118-1124.

33 Dunnett J, Nayler WG. Calcium efflux from cardiac
sarcoplasmic reticulum: effects of calcium and magnesium.
J Mol Cell Cardiol 1978; 10: 487-498.

34 Stephenson EW, Podolsky RJ. Regulation by magnesium
of intracellular calcium movement in skinned muscle fibers.
J Gen Physiol 1977; 69: 1-16.

35 Wang MM, Thompson-Coon JS, Pavord ID, Knox AJ,
Tattersfield AE. Effect of varying osmolar solutions on the
response to sodium metabisulphite challenge in asthma.
Am J Respir Crit Care Med 1995; 151: A400 (Abstract).

(Received 7 April 1995,
accepted 9 August 1995)

C 1995 Blackwell Science Ltd British Journal of Clinical Pharmacology 40, 539-544


