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Abstract 
 
Flame atomic absorption spectrometric determination of magnesium in whole blood and serum of ischemic 
heart disease patients and control with different ages and sex was proposed. The limiting interfering phos-
phate/magnesium ratio have been estimates. 2% w/v AlCl3·6H2O was found to be very influential in remov-
ing phosphate interference effects. The detection limit was 0.065 μg/ml. Magnesium added to blood and se-
rum sample, and carried through this method may be recovered completely (96% - 100%) recovery percent-
age. The suggested method is simple, fast and selective. The statistical analysis of magnesium levels in blood 
and serum showed that blood and serum magnesium levels in patients were lower than magnesium contents 
of control group. Magnesium levels in blood and serum of males were significantly higher than females and 
the magnesium levels were age independent. These findings indicate that there was an association between 
blood and serum magnesium deficiency which can induce an entire array of path physiological phenomena 
known to be important in ischemic heart disease. 
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1. Introduction 

Magnesium is an essential micronutrient for humans and 
plays many important roles, of principal importance are 
its roles in the function of over 300 enzymes and in neu-
romuscular transmission [1]. Abnormal dietary deficiency 
of Mg as well as abnormalities in Mg metabolism play 
important roles in different types of heart diseases such as 
ischemic heart disease [2]. Magnesium deficiency has 
been associated with most of the major risk factors for 
atherosclerotic coronary artery disease, coronary artery 
spasm, and coronary artery thrombosis and many studies 
in large population have shown that higher intake of this 
mineral is associated with lower risk of high blood pres-
sure, stroke, and ischemic heart disease [3]. 

There is growing evidence that magnesium deficiency 
is important in the pathogenesis of ischemic heart disease 
[4]. In addition to the indirect epideomologic evidence, 
there is experimental evidence that supports the role of 
magnesium deficiency in ischemic heart disease, autop-
sies of patients who died from ischemic heart disease 
have shown lower cardiac magnesium levels than autop-

sies of those who died from other causes [5]. 
Bersohn [6] also commented on the much greater sus-

ceptibility to ischemic heart disease of the African whites 
than the blacks and considered the higher serum Mg of 
the blacks a possibly significant factor. 

Magnesium deficiency may usually be reflected in 
low-magnesium diet, blood loss, excessive sweating, 
drug and/or alcohol abuse or due to certain medication 
use (such as loop diuretics and thiazides, cytotoxic drugs, 
aminoglycosides, digoxin, steroids), or some physio-
logical conditions of over utilization of magnesium such 
as pregnancy or infancy growth. Mental stress can also 
lead to magnesiuresis due to high serum adrenalin [7]. 

Several analytical methods are normally needed for 
the determination of magnesium in whole blood and se-
rum [8]. Even with determination of this element by 
atomic absorption spectroscopy, various dilutions and 
some anti interference reagents are required [9]. In this 
work, a sensitive method for the determination of mag-
nesium in serum and whole blood is introduced, In which, 
the interference effects of phosphate was completely 
removed by the addition of (2% w/v AlCl3·6H2O). The 
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procedure is relatively simple, rapid and the addition of 
anti interference reagents could easily lead to real values. 
Therefore, the present study was elucidated some 
physiological and biochemical actions of magnesium in 
the mechanism of cardiac disease by the determination of 
magnesium in whole blood and serum samples of ische- 
mic heart disease patients using a flame atomic absorp-
tion spectrometric method. 

2. Materials and Methods 

2.1. Apparatus 

Ashimadzu atomic absorption spectrophotometer model 
(AA-630-12) was used with an air-acetylene burner (slot 
dimensions 100 × 0.62 mm). Instrument settings were: 
lamp current, 10 mA; wave length, 285.2 nm; slit width, 
0.2 nm. These conditions were maintained constant 
throughout the measurements. 

2.2. Reagents 

Magnesium stock solution Add 200 mg. of distilled 
magnesium metal to a 100 ml volumetric flask. Dissolve 
using the minimal quantity of hydrochloric acid. Dilute 
to volume with deionized water. Magnesium working 
standards: Transfer (0.5 - 5) ml of the stock solution to 
ten a 100 ml. volumetric flask and dilute to volume with 
deionized water. This gives a concentrations of (10 - 100) 
μg Mg/ml. 

Aluminum chloride solution Dissolve 8 gm. of re-
agent-grade aluminum chloride hexahydrate in 100 ml. 
of deionized water. 

2.3. Preparation of Samples 

Thirty one patients with ischemic heart disease fulfilling 
the Clinical care unit in Al-sader technical hospital. Twenty 
three aged and sexes matched control group were taken 
from apparently healthy people attending the hospital, 
for pre-emplyment examination .For the groups, patients 
and control, serum and whole blood magnesium were 
measured upon presentation before starting treatment. 

Pipet 1 ml of serum into a digestion tube. Add 2 ml of 
concentrated nitric acid and 2 drops of concentrated per-
chloric acid. Place the tube in a hotplate at 130˚C to 
150˚C. The initial temperature of hotplate is 120˚C. 
When the volume is reduced to about 1 ml, turn the hot 
plate to high 180˚C. Continue the digestion until the 
perchloric acid fumes. Add 3 drops of nitric acid and 
leave on the solution until dry salts start to form. Remove 
the tube from the hotplate and wash down the walls of 
the tube with approximately 2 - 4 ml. of deionized water. 

Add 1 drop of 8% aluminum chloride. Place the tubes in 
a boiling water bath for 5 min. Remove, cool, and dilute 
to 12.5 ml. with deionized water. Centrifuge and transfer 
two 2 ml aliquots of the supernatant liquid. 

2.4. Statistical Analysis 

The statistical analysis were carried out using two-way 
analysis of variance with unbalanced repeated measure-
ments .Statistical significance between individual time 
points was made by using Revised Least Significant 
Difference (RLSD) test. The probability level for sig-
nificance was 5% less. 

3. Results and Discussion 

3.1. Interferences 

The interference of ions present in serum in concentra-
tions greater than 0.5 μg/ml. was considered. These in-
clude Fe (0.1 - 1.8 μg/ml), Cu (1.96 - 2.63 μg/ml), Ca (90 
- 110 μg/ml), NH4 (1.43 - 3.0 μg/ml), P (85 - 155 μg/ml), 
S (22 - 56 μg/ml), Cl (3500 - 3710 μg/ml) [10], Zn (1.25 
μg/ml) [11]. The sensitivity of the method makes it pos-
sible to use an aliquot equivalent to 1 ml. of serum and 
the quantities of ions checked were based on these rela-
tionships. The interference, which appears to be incon-
sistent, is compensated by adding it to the magnesium 
standard at the time of analysis. Phosphate was found to 
cause the major interference, as shown in Figure 1. In an 
effort to understand the nature of this interference, this 
effect cannot be due exclusively to a magnesium phos-
phate complex since aluminium is affected by phosphate 
even in the absence of magnesium. The interference is 
not dependent on ionic strength. 

Investigations to mask or remove the phosphate led to 
 

 

Figure 1. Interferences effects of phosphate on (1 μg/ml) 
magnesium absorbance signal. 
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the discovery that aluminum effectively precipitates all 
the phosphate. This was confirmed by spectrographic 
analysis. The excess precipitant comes down as the 
hydroxide. At least 1 mole of aluminum is required per 
mole of phosphorus but large excesses must be avoided. 
Boiling is necessary for complete precipitation and re-
duces the inclusion of magnesium in the precipitate. 
This controlled precipitation is complete enough to 
avoid such problems. At the levels used in the above 
experiment, the effect of combinations of calcium 
phosphate on the absorbance of magnesium was com-
pletely eliminated by addition 2% (w/v) AlCl3·6H2O as 
shown in Table 1. 

3.2. Digestion 

Protein must be removed to avoid precipitation in the 
acid medium during measurements. Wet-ashing seemed 
to be the most feasible approach. It was found that 1 ml. 
of serum could be completely digested with minimum 
amounts of nitric and perchloric acids provided combus-
tion tubes were used. In order to remove ammonium salts 
which form during the breakdown of protein, a few addi-
tional drops of nitric acid are added to the sample toward 
the end of the digestion. All chlorides are volatilized 
during this digestion. If the hot plate is preheated to di-
gestion takes about 3 hr. 

3.3. Precision and Recoveries 

The average deviation of 10 determinations on a single 
serum sample was ±3.47% with 5 of these determina-
tions having a variability under 2%. Recovery studies 
were made by adding known quantities of magnesium to 
a serum, the results of these experiments, which are 
summarized in Table 2, indicate that the over all recov-
ery in the analytical process is 96.0% - 100%. 

3.4. Whole Blood and Serum Magnesium 
Measurements 

Hypomagnesemia (defined as concentration of magne 
 
Table 1. Effect of (2% w/v) Aluminium chloride on magne-
sium atomic absorption signal in whole blood samples. 

Mean of absorbance Whole blood  
samples No. With AlCl3·6H2O Without AlCl3·6H2O

1 
2 
3 
4 
5 

0.92 
0.33 
0.44 
0.82 
0.53 

0.57 
0.11 
0.26 
0.29 
0.45 

sium in serum less than the normal range; (0.7 - 1.1 mM, 
1.7 - 2.5 mg/dl) [12] is often not present in patients with 
chronic depletion of magnesium because of very slow 
equilibration of magnesium among serum and blood 
samples, which contains a small fraction of magne-
sium .These findings may explain at least part of the 
beneficial effect of administration of magnesium in some 
patients. 

In our laboratory assessment of magnesium status 
usually begins with measurement of concentration of 
magnesium in the ischemic heart disease patients and 
control blood and serum samples Table 3 show their 
characters. All the measurements of the serum and blood 
samples subjected to statistical analysis using the inde-
pendent samples RLSD-test to compare between meas-
urements of the study groups( patients and control ), sex 
(males and females) and age groups (19 - 69 years). 

The statistic results showed that there is a significant 
difference (P < 0.001) in magnesium levels in all the 
 
Table 2. Recovery percentage of the direct method of whole 
blood samples. 

Sample 
No. 

Mg content
(μg/ml) 

Mg 
added, μg 

Mg found 
(μg/ml) 

Recovery 
(%) 

I 55.7 
25 
50 
75 

79 
103 

125.5 

97.89 
97.44 
96.00 

II 42.2 
25 
50 
75 

65 
92.2 
116 

96.00 
100 
97.2 

III 33.9 
25 
50 
75 

154.0 
82 

107.5 

98.97 
97.7 

98.71 

 
Table 3. Ischemic heart patients and charactors. 

Patients groups Character 

Total 
Male 

Female 
Age range (years) 

Median age (years) 

31 
13 
18 

19 - 69 
35.5 

Associated diseases 

Hypertension 
Diabetes Millets 

3 
2 

Drugs 

Thazide diuretics 
Β-blocker 
Captopril 

Insulin 
Daonil 

Aminoglycasides 
Mg containing antacid 

1 
1 
1 
1 
1 
1 
1 

Symptoms 

Vomiting 
Diarrhea 

6 
1 

Copyright © 2011 SciRes.                                                                                AJAC 



H. T. ABDULSAHIB 999 
 
compared males and females serum and blood measure-
ments as shown in Figure 2 and Figure 3 the concentra-
tion of magnesium whole blood and serum about 15% 
excess in males higher than in females. From these find-
ings it would appear that while variation does occur in 
concentrations of magnesium in whole blood and serum 
with difference in sex, no definite pattern of distribution 
is present. 
 

 

Figure 2. Mg concentrations (μg/ml) in whole blood and 
serum of control group. 
 

 

Figure 3. Mg concentrations (μg/ml) in whole blood and 
serum of IHD patients. 
 

No statistically significant difference between age 
groups were seen in the mean value of magnesium con-
centrations in blood and serum for both patients and con-
trol. (P < 0.01) as shown in Figure 4 and Figure 5. 

Figure 6 illustrates that there is a statistical relation-
ship between the magnesium levels in whole blood and 
serum of ischemic heart disease patient and control 
group.The concentration of magnesium in patients serum 
and blood was about 35% lower than in the control 
group. 

Although this statistically significant difference, they 
imply that less than one percent of the variation in serum 
magnesium levels can be explained by differences in 
dietary intakes.. This relationship provides a quantitative  

 

Figure 4. Mg concentrations (μg/ml) in whole blood and 
serum of control group. 
 

 

Figure 5. Mg concentrations (μg/ml) in whole blood and 
serum of IHD patients group. 
 

 

Figure 6. Mg concentrations (μg/ml) in whole blood and 
serum of IHD patients. 
 
indication of the affinity of magnesium for a particular 
clinical fraction. 

There may be a further explanation for the post-infarct 
decrease in serum magnesium concentration. Flink et al. 
[13] correlated the decrease of serum magnesium with a 
concomitant increase of free fatty acids. The rise in free 
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fatty acid concentration is explained by an increased 
lipolysis which is induced by the enlarged catecholamine 
secretion involved in infarction. The same observation, a 
low magnesium concentration at increased free fatty acid 
concentration in serum was also found at ethanol with 
drawal in dogs [14] and after infusion of adrenalin in 
ewes [15]. Since the free fatty acids are able to bind 
magnesium it has been assumed that serum magnesium 
is thereby lowered [13]. Perhaps a more reasonable ex-
planation for lowering of serum magnesium during in-
creased lipolysis is an increased binding of magnesium 
by free fatty acids within the adipocytes. In vitro ex-
periments with adipocytes support this view. Intact adi-
pocytes showed an increased magnesium uptake after 
treatment with adrenalin [16]. 

Some aspects of the pathogenesis of cardiac disease 
are reviewed in the light of current knowledge of the 
physiological and biochemical actions of magnesium on 
heart function.. In human during myocardial infarction, 
there is a reduction of magnesium content even in non 
infracted areas of the myocardium, followed by a tran-
sient reduction of serum magnesium concentration. 
These effects are explained by the action of catechola-
mine on the myocardial cells, resulting in a loss of mag-
nesium accompanied by a catecholamine-induced of 
many magnesium loss and/or increased lipolysis which 
binds magnesium as magnesium soaps in the adiposities. 
As a consequence serum magnesium may be decreased. 
A reduced serum magnesium concentration may enhance 
the action of catecholamines on the heart muscle as well 
as the action of vasopressive hormones, thus provoking 
contraction of coronary artery smooth muscle cells and 
favoring the development of arrhythmia. 

Although many patients with chronic heart disease are 
magnesium depleted [17], a variety of superimposed 
stressors cause additional decreases in concentrations of 
magnesium in serum by redistribution [18]. Concentra-
tions of magnesium in serum decrease significantly dur-
ing Increasing concentrations of catecholamines also 
may have contributed to the decrease. Further decreases 
in concentrations of magnesium in serum are caused by 
additional hemodilution, binding to albumin in the pump 
prime, and redistribution secondary to catecholamine in- 
duced increases in concentrations of free fatty acid [19]. 

A considerable number of experimental, epidemiol-
ogical and clinical studies are now available which point 
to an important role of Mg2+ in the etiology of cardio-
vascular pathology. In human subjects, hypomagnesemia 
is often associated with an imbalance of electrolytes such 
as Na+, K+ and Ca2+. Abnormal dietary deficiency of 
magnesium as well as abnormalities in magnesium me-
tabolism play important roles in ischemic heart disease. 

Nonetheless, studies reporting Mg2+ assays on a vari-

ety of tissues suggest that many patients with cardiovas-
cular disease exhibit depletion of Mg2+ compared with 
healthy individuals [17]. 

A commonly cited explanation for the clinical efficacy 
of magnesium relates to its effect on the blood. Clini-
cians from the British Commonwealth [20] and Russia 
[21] have reported that magnesium therapy of patients 
with ischemic heart disease is associated with decreased 
β-lipoproteins, increased α-lipoproteins, and increased 
lecithin/cholesterol ratio, or a drop in serum cholesterol. 

The efficacy of magnesium in ischemic heart disease 
has been attributed to its antithrombotic activity, both 
enhancement of fibrinolysis and inhibition of coagulation 
being considered as mediating mechanisms. Substan-
tially increased fibrinolytic activity of the blood of car-
diac ischemia patients on Mg therapy has been reported 
by Parsons et al. [22]. This observation recalls the ex-
planation of the efficacy of the earlier use of Mg in pre-
vention of postoperative thrombosis [23] and in treat-
ment of peripheral thrombotic disease [24]. The anti-
thrombotic effect of magnesium has also been attributed 
to stabilization of platelet membranes [25] and to inhibi-
tion of platelet aggregation [26]. Supportive of the plate-
let membrane theory is recent work that has shown that 
Mg is necessary to maintain the disc shape of platelets 
[27]. Addition of MgCl2 to fresh human blood, under 
conditions that maintained electrolytes and enzyme sys-
tems as nearly normal as possible, resulted in reduction 
in the size and number of platelet clumps and an increase 
in the number of discrete platelets [28]. 

Unfortunately, it is difficult to evaluate the true human 
requirement of magnesium: depending age and protein 
intake the values given by various authors range from 0.1 
to 0.4 mmole/kg per day [29]. This may be partially due 
to considerable individtial variation in intestinal absorp-
tion and renal excretion of magnesium. For instance, the 
normal magnesium intake via food and tap water by re-
ceiving an additional 200 - 600 mg magnesium, which 
increased serum magnesium by approximately 10% [30]. 

Although this result is not consistent with the tendency 
of magnesium to be associated with the differences in 
dietary intakes. This relationship provides a quantitative 
indication of the affinity of magnesium for a particular 
clinical fraction, magnesium deficiency may contribute 
to pathological processes [31]. Clinicians should con-
sider using magnesium supplementation to prevent defi-
ciency in patients at risk and to treat deficiency when it 
occurs.When the individual magnesium intake from food 
is low, e.g. 200 - 250 mg, then the additional daily mag-
nesium intake in magnesium rich regions, e.g. 50 mg, 
may have a “cardio protective” effect while in magne-
sium poor regions a chronic magnesium deficiency is 
likely to develop [32]. 
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The inability of the senescent myocardium to respond 
to ischemic stress could be due to several reasons. mag-
nesium supplemented K+ cardioplegia modulates Ca2+ 
accumulation and is directly involved in the mechanisms 
leading to enhanced post ischemic functional recovery in 
the aged myocardium following ischemia. While many 
of these mechanisms remain controversial and in some 
cases speculative, the beneficial effects related to conse-
quences of magnesium supplementation are apparent. 
Further research is needed for the incorporation of these 
findings toward the development of novel myocardial 
protective role of magnesium to reduce morbidity and 
mortality of patients suffering from a variety of cardiac 
diseases. 

3.5. Conclusions 

The development of procedures for the direct analysis of 
magnesium in blood and serum remains a great challenge. 
The insufficient sensitivity and vulnerability to matrix 
interferences of these technique can be overcome by the 
addition of 2% (w/v) AlCl3·6H2O which was responsible 
for the disappearance of phosphate interference. Since 
the method described in this study gave correct results 
for magnesium, it can be used for the direct determina-
tion of magnesium in whole blood and serum .Results 
obtained for magnesium levels in whole blood and serum 
show that a direct inversely correlation observed between 
magnesium levels and ischemic heart disease patients, 
and a significance difference observed between magne-
sium levels and the sex of individuals, but no correlation 
observed between magnesium levels and age. The data 
indicate that Mg deficiency can lead to ischemic heart 
disease because its essential role in a wide range of fun-
damental cellular reactions in patients with ischemic 
heart disease. Furthermore, the therapeutic value of Mg 
in the management of coronary risk factors and ischemic 
heart disease has been clarified. Dietary Mg supplemen-
tation should be considered as a preventive element in 
ischemic heart disease. 
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