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ABSTRACT: Magnesium deficiency is associated with increased contractility of 
smooth muscle cells. Since contractillty of bronchial smooth muscle is important in 
patients witb asthma, magnesium deficiency could negatively influence the clinical 
condition. We wanted to assess whether magnesium deficiency exists in patients 
with asthma. 

Extracellular (plasma) and intracellular (erythrocytes and mononuclear leucocytes) 
concentrations of magnesium were determined in 20 mildly symptomatic pat
ients with asthma and compared to 20 healthy controls. 

In asthmatic patients, the mean±so magnesium level in plasma was 0.81±0.05 
mmol./·1, in erythrocytes 0.20:ii).02 fmol-cell1, and in mononuclear leucocytes 5.10±2.55 
fmoi~U·1 ; these values did not differ signitkantly from those of the healthy controls: 
0.79:1:0.06 mmol·l·' , 0.19±0.02 fmol·cell'• and 4.61±1.75 fmol-cell·1, respectively. 
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Magnesium is a cation which has a modulatory effect 
on the contractile state of smooth muscle cells in vari
ous tissues: hypomagnesaemia leads to contraction [1, 
2], hypennagnesaemia to relaxation [3, 4]. The relation
ship between hypomagnesaemia and increased contrac
tile state may be explained by the antagonism between 
magnesium and calcium in the cell, and the inhibi
tory effect of magnesium on the secretion of acetyl
choline from presynaptic neurones [5]. As asthma is 
characterized by widely varying degrees of contraction 
of bronchial smooth muscle, magnesium deficiency could 
have a negative effect on patients, increasing the con
tractile state of the bronchial smooth muscle. Two stud
ies have shown that, when magnesium is infused in 
out-patients with asthma, pulmonary function tests improve 
[6, 7]. 

The aim of this study wa<> to establish whether a mag
nesium deficiency exists in out-patients with mildly symp
tomatic asthma. The magnesium status of a group of 
patients with asthma was compared with that of healthy 
controls. Because the extracellular compartment only 
contains 1-2% of total body magnesium, and the plasma 
concentration may not always provide the most adequate 
infonnation on body magnesium stores, magnesium was 
measured in erythrocytes and mononuclear leucocytes, 
reflecting intracellular magnesium concentration, as well as 
that in plasma [8-10]. 

Methods 

Patients 

Twenty patients and 20 controls participated in this 
study. Their characteristics are shown in table l. All 

Table 1. - Characteristics of the study population 

Patients 
n=20 

Age* yrs 54±9 
range 33-<>5 

Sex MIF 12/8 
Theophylline n 7!2.0 

Mean daily dose mg 671 
Beta-mimetics n 14120 

Mean daily dose fl8 715 
Inhaled corticosteroids n 11!2.0 

Mean daily dose flg 570 
FEV1* I 1.89±0.55 
FEV1* % pred 60±15 
vc• 1 3.35±0.83 
FEV1NC* % 57.0±11.6 
Reversibility* % 32±11 

----
Controls p 

n=20 

49±9 
37-63 
1713 

NS 

NS 

------
•: data presented as mean:f:so. Ns: nonsignificant values (p>0.05). 
FEV1: forced expiratory volume in one second; VC: vital 
capacity. 
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patients suffered from asthma, according to the criteria 
from the American Thoracic Society [11]. The forced 
expiratory volume in one second (FEV1) was less than 
80% of the predicted value (mean±so FEV1 was 60±13%; 
range 35.5-75.6%), and the degree of reversibility was at 
least 15% (mean±so 32±11% ). Reversibility was calcu
lated as the difference between the percentage of the pre
dicted value for FEV 1 before and after inhalation of a 
~mimetic agent Patients with a decreased glomerular fil. 
tration rate, as indicated by a plasma creatinine concen
tration of more than 150 J,UnoH-1, were excluded, because 
decreased renal function interferes with magnesium horneo
stasis. The control group was recruited from healthy 
members of the hospital staff. 

Laboratory aruzlysis 

Erythrocytes and mononuclear leucocytes were isolated 
from 20 rn1 heparinized blood. Samples were taken at 8 
a.m. after an overnight fast An 8 rn1 blood sample was 
used for the determination of magnesium in erythrocytes. 
After centrifugation, the erythrocytes were washed three 
times with choline-chloride solution (140 mM). After 
this wash, the erythrocytes were counted in a Coulter 
Counter (Coulter Counter Electronics), and then lysed 
osmotically by the addition of Triton X-100 1%. For con
centration of the sample, the lysate was freeze-dried, 
before being stored at -20°C until assay. 

Magnesium in mononuclear leucocytes was determined 
according to EuN and eo-workers [12, 13]. Briefly, 10 rn1 
of heparinized blood was diluted with an equal amount 
of a buffered saline and glucose solution (BSG); this mix
ture was carefully layered on Ficoll-Paque (brought to a 
density of 1.070) and centrifuged at 400xg for 35 min. 
After sedimentation, mononuclear leucocytes remaining 
on top of the Ficoll-Paque layer were harvested by pipette, 
washed again with BSG, and counted Next, the cells 
were lysed by addition of 2 rn1 of de-ionized water, fro
zen, and stored at -20°C until assay. Magnesium in the 
lysates of erythrocytes and mononuclear leucocytes was 
determined by atomic absorption spectrophotometry in 
duplicate. To ascertain that the leucocytes prepared by this 
method were mainly mononuclear cells, a cytospin prepa
ration was made. Of the cells thus obtained, 90% were 
indeed mononuclear leucocytes. Magnesium in plasma 
was measured on an Hitachi 7 17 analyser (Boehringer 
Mannheim, Germany). The concentration of magnesium 
in plasma is expressed as mmoi·L-1, and that in cells as 
fmol-cell·1. 

Statistical aruzlysis 

Results are given as mean±so. Differences between 
patients and controls were tested by the Student's t-test for 
unpaired data. Differences were considered statistically 
significant at a value of p<0.05. The relationship between 
plasma, erythrocyte, or mononuclear leucocyte magne
sium, and the degree of reversibility of FEV1 expressed as 
percentage of predicted FEV 1 were tested with univariate 

regression analysis. Group size was based on changes of 
plasma and erythrocyte magnesium leveL Assuming a 
relevant difference in mean plasma magnesium level 
of 0.10 mmo!-l-1, a (rather liberal) so of 0.10 mmof.l·1, 

a.--o.os and f}--Q.20, two groups of 16 patients were re· 
qui.red to find such a difference. Assuming a relevant dif
ference in mean erythrocyte magnesium of 0.05 mmoJ./·1 

red blood cells, a so of 0.05 mmoi·L-1 red blood cells 
a.--o.05 and ~=0.20, equally required two groups of 16 
patients. 

The protocol was approved by the Ethics Committee of 
the hospital and conducted according to the guidelines of 
the Helsinki Declaration. 

Results 

Mean±so plasma magnesium in patients and controls 
was 0.81±0.05 and 0.79±0.06 mmoH1, respectively, 
mean erythrocyte magnesium 0.20±0.02 and 0.19± 
0.02 fmol·cell·1, and mononuclear leucocyte magnesium 
5.10±2.55 and 4.61±1.75 fmol·cell·' (table 2). Thus, no 
evidence was found for the existence of decreased extra
or intracellular magnesium levels in these asthmatic 
patients. 

Table 2. - Magnesium concentration in plasma (M~ ery
throcytes (Mg8 ) and mononuclear leucocytes (Mgm) in 
patients (n=20) and controls (n=20) 

Patients Controls 
Mean so Mean so p 

M~ nunoH·1 0.81 0.05 0.79 0.06 0.22 

M~ fmol·cell·1 0.20 0.02 0.19 0.02 0.88 

M~ fmol·cell-1 5.10 2.55 4.61 1.75 0.87 

The influence of the chronic use of oral theophylline, 
inhalation of a corticosteroid or of a ~-mimetic agent is 
shown in table 3. The inhalation of corticosteroids was 
associated with a small, but statistically significant, dec
rease in plasma magnesium (p=0.03). No difference in 
erythrocyte magnesium was found, whereas mononuclear 
magnesium tended to be lower with the use of these 
drugs (p=0.09). 

No relationship was found between the degree of 
reversibility of airflow obstruction and pl.asma magne
sium (p=0.68), erythrocyte magnesium (p=0.67), or 
mononuclear magnesium (p=0.85). When two groups 
were formed from values of reversibility above or below 
the median (30.1% ), again no significant differences were 
found in magnesium levels. No relationship was found 
between the percentage of predicted value of FEV 1 and 
plasma magnesium (p=0.72), erythrocyte magnesium 
(p=0.31), or mononuclear magnesium (p=0.43). Wbeo two 
groups were fom1ed from FEY 1 values above or below the 
median (59.0%), no significant differences in magnesium 
levels were found. 
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Table 3. - Effect of the chronic use of oral theophylline, inhaled P
mimetics and inhaled corticosteroids, on the levels of plasma mag
nesium (Mgp), erythrocyte magnesium (Mg8 ) and mononuclear 
leucocyte magnesium (Mgm) in asthmatic subjects (n=20) 

Theophylline (n=7) 
Mean so 

M g., nunol·1·1 0.79 0.05 
M~ fmoJ.cell·1 0.21 0.02 
Mg,n fmokell·1 3.66 0.87 

P-mimetic (n=l4) 

M!;, mmoJ./·1 0.80 0.05 
M~ fmol·cell·1 0.20 0.02 
M gm fmol·ceU·1 4.21 1.54 

Corticost.eroids (n=ll) 

M~ nunol·/·1 0.78 0.05 
M~ fmol·cell·1 0.20 0.02 
M~ fmol·cell·1 3.97 1.37 

Discussion 

Magnesium deficiency is accompanied by an increased 
contractile state of smooth muscle in various tissues, such 
as blood vessels, leading to a decreased vessel diameter 
and increased pressure [1, 2]. The present study was 
prompted by the possibility that the presence of magne
sium deficiency in patients with asthma could be associ
ated with increased contractile state of bronchial smooth 
muscle or decreased degree of reversibility of their airflow 
obstruction. Asthmatic patients were chosen because 
their airflow obstruction is readily reversible, in contrast to 
patients with chronic obstructive pulmonary disease. Since 
magnesium is mainly localized intraceUularly, it has been 
suggested that measuring intracellular levels can pro
vide additional infonnation, and discover hitherto occult 
magnesium deficiency [8-10]. Intracellular levels were 
measured in erythrocytes and mononuclear leucocytes, 
according to accepted methods. These cells were chosen 
because to obtain other cells or tissues was too invasive, 
i.e. samples of striated muscle or bone. Furthennore, it 
has been shown by RYAN et al. [14] that, in experimentally 
induced magnesium deficiency, muscle magnesium dec
reases in relation to plasma, erythrocyte, and mononu
clear leucocyte magnesium levels. Therefore, these 
parameters can be seen as a mirror of other tissues. Con
centrations found in our laboratory in erythrocytes and 
mononuclear leucocytes of healthy control subjects were in 
agreement with those reported by others for healthy con
trols [8, 9, 15]. 

No evidence for magnesium deficiency was found in 
our asthmatic patients: not only plasma, but also intra
cellular levels were not different from healthy controls. 
This is in agreement with the results from a study by 
RoLLA et al. [7), in which the baseline magnesium levels 
in mononuclear leucocytes in 10 a~thmatics were not 
significantly different from 10 controls. However, since 
in that study mononuclear leucocyte magnesium was 

No Theophylline (n=l3) 
Mean so p 

0.81 0.05 0.99 
0.19 0.02 0.78 
5.94 2.85 0.67 

No P-mimetic (n=6) 

0.83 0.04 0.90 
0.20 0.02 0.48 
7.03 3.33 0.31 

No Corticosteroids (n=9) 

0.83 O.Q7 0.03 
0.20 0.02 0.91 
6.36 3.01 0.09 

expressed as mg magnesium per IJ.mOI cellular protein, 
direct comparison of absolute values with our data is im
possible. In the present study, no difference in erythrocyte 
magnesium, another parameter of intracellular magne
sium, was found. In addition, no relationship between 
either the predicted value of FEY 1, indicative of the .sever
ity of pulmonary obstruction, or degree of reversibility and 
intra- or extracellular magnesium levels was found. 

The use of oral theophylline and the inhalation of ~ 
mimetics had no effect on intracellular or extracellular 
magnesium concentrations. The use of inhaled cortico
steroids was associated with a small, but statistically 
significant, decrease in plasma magnesium. Chronically 
elevated levels of adrenocorticoids are associated with 
increased renal magnesium excretion and lower plasma 
magnesium levels. The effect of inhaled corticosteroids 
may be explained by a systemic effect of these com
pounds on magnesium excretion. In addition, there was a 
tendency for lower mononuclear levels. 

In contrast to magnesium deficiency, magnesium excess 
can have a muscle-relaxation effect. This may be the 
explanation for the improvement in pulmonary function 
tests seen with intravenous administration of magnesium to 
out-patient asthmatics [7, 8]. The improvement coincided 
with mildly elevated plasma magnesium levels, around 2 
mmoH-1, and wore off after discontinuation of the infusion 
and nonnalization of the plasma magnesium concentration. 
One placebo-controlled study has also shown a beneficial 
effect of intravenous magnesium as an adjunct to con
ventional therapy in patients with an acute exacerbation of 
asthma [16]. Plasma magnesium levels after administra
tion in that study were not mentioned. 

In conclusion, we found no evidence for the existence of 
decreased intra- or extracellular magnesium levels in 
ambulatory patients with asthma, and no relationship 
between extra- or intracellular magnesium levels with the 
percentage of predicted FEY 1 or the degree of reversibil
ity of the airflow obstruction. 
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