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Abstract 
Background: Administration of magnesium sulfate has neuroprotective effects and reduces infarct volume in animal models 
of stroke. Previous small clinical trials have reported beneficial effect of magnesium on the outcome in patients with stroke. 
This study was a randomized, placebo-controlled, double-blind study , investigated the benefit of  magnesium sulfate the 
administration given intravenously as a neuroprotective.  

Methods: Patients who had cortical infarction in the middle cerebral artery territory (superior or inferior division) with 
moderate neurologic deficits (Orgogozo scale score greater than 30 and less than 70) and onset less than 24 hours were 
included. The patients were treated with magnesium sulfate (4gr stat and 1gr/hr) or placebo for 4 days and examined by a blind 
investigator.  NIH Stroke Scale was obtained on admission and fifth day after stroke.  

Results: Eighteen patients were given treatment and nineteen patients were given placebo who demonstrated significant 
beneficial effects on the difference between NIH Stroke Scales on the day of admission and day 5 (3.16 ± 0.98 vs. 1.84 ± 1.06; 
p = 0.000 respectively).  

Conclusion: Intravenous magnesium sulfate had significant beneficial effect on acute phase of stroke patients and, as a 
result, may reduce duration of admission.  
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agnesium ion has two possible role in 
protecting neurons and glia from ischemic 
damage, effect on cerebral blood flow and 

neuronal action. Vascular effects of magnesium 
consist of antagonistic role to wards vasocons- 
trictive mediators (for example endotheli-1)1-3, 
enhancing cerebral blood vessels4 , and increasing 
cardiac output5, 6. 
 Also the magnesium effect on neuronal action is 
antiexitotoxic through inhibition of ischemic-
induced glutamate release7 and through antagonistic  
properties of the NMDA receptor ion channel8-10 
and calcium channel antagonism through voltage 
gated channels of all types and enhancing 
mitochondrial buffering of excessive calcium11. In 
animals, many studies have shown decreasing the 
infarct volume after magnesium administration12-14. 

 Trials on humanbeing also have shown reduction 
in death and dependency, but some findings lacke 
statistical 
 Significance15-19. Lampl et al20 reported good 
prognosis in acute stage and over 30 days after 
stroke in the magnesium group.  
 This study tested the primary hypothesis that in 
acute ischemic stroke in the midlle cerebral artery 
(MCA) territory, magnesium sulfate improves 
neurologic status at 5 days compared with placebo, 
and showed effect of magnesium on early recovery. 
 
Materials and Methods 
The study was performed as a placebo-controlled, 
randomized double-blind trial during the years of  
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2000–2002 in Al-Zahra Hospital of Isfahan 
University of Medical Sciences. Local ethics 
committee approved the trial. Each of the patients 
signed a consent form. Both genders and adults 
older than 45 years of age were included. Patients 
had to be in the acute stage of stroke (having deficit 
lasted more than 6 hours and less than 24 hours) 
and the stroke deficits had to be of moderate degree 
(Orgogozo21 scale  greater than 30 and less than 
70). Simple randomization was performed according 
to a random number table. 
 Patients with intracerebral, subdural, epidural or, 
subarachnoid hemorrhage; cerebrodege- nerative, 
demyelinating diseases; brain tumor; previous 
stroke; metabolic disorders abnormal magnesium or 
calcium values; and muscular or neuromuscular 
junction diseases were excluded. 
 The study was limited to middle cerebral artery 
territory infarction (determined by brain computed 
tomography scan on the admission and 3rd day after 
stroke) to have a homogeneous study group. The 
final diagnosis was performed based on the second 
brain CT scan results (after the 3rd day). Each 
patient was examined and scored using the National 
Institute of Health Stroke Scale (NIHSS) on the 
admission day by the physician in emergency room 
and fifth days later with another neurologist in the 
ward (investigators were blind to the type of 
intervention). 
 The Barthel activities of daily living index22 and 
Rankin score23 were checked after 3 months. The 
study end point was the completion of the 90-days 
follow-up period. The first stage of study was 
planned with magnesium loading of 4 gr in 100 mL 
saline over a 20-minute period and 48 gr in 1000 ml 
over a 24-hours period in a continuousinfusion 
form. but after performing this protocol in three 
patients we observed magnesium intoxication, thus 
the infusion was completed and new protocol was 
planned in which  magnesium was given 
intravenously with a loading dose of 4 g in 100 ml 
saline over a 20-minutes period and 24 g in 1000 ml 
over a 24-hours period in a continuous infusion 
form for 5 days. 
 The placebo was normal saline with the same 
volume that was used for magnesium group. The 
magnesium sulfate or placebo was administered 
during 24 hours after onset of the acute event. Out 
of the total of 40 patients, 18 received magnesium 

sulfate, 19 received placebo, and 3 dropped out (2 
from the active treatment group and 1 from the 
placebo group). The levels of magnesium were 
measured routinely at 3rd day. In addition, each 
patient was treated by the same antiplatelet therapy, 
consisting of acetylsalicylic acid (microcoated) 500 
mg orally per day. 
 During the first 2 days the patients were 
monitored continuously with vital signs. After this, 
vital signs were taken every 6 hours, and 
electrocardiography was performed on admission 
and 3rd day. Also if seizure occurred in acute phase, 
it was entered to data. 
 Sample size based on Lampl study20 was 
calculated. The two groups were tested by Student t 
test for continuous scores and Chi-square test for 
categorical variables. 
 
Results 
Forty patients (20 treated with magnesium and 20 
receiving placebo) entered the study. Three control 
subjects (two male and one female patient) dropped 
out of the study. In two patients of the placebo 
group, the treatment were discontinued after 
development of severe arrhythmias and fever with 
dyspnea. One patient of the magnesium-treated 
group developed pulmonary edema and was also 
taken out of the study. No patient needed to be 
excluded on account of a misinterpretation of the 
stroke location. Preliminary analysis ensured that the 
two treatment arms were equal at baseline (Table 1). 

 
Table 1. Baseline characteristics of the treatment 

arms.Data are means or percentage. 
No significant differences are between groups 

 
 Mg 

(n=18) 
Placebo 
(n=19) 

Age (y) 62.5 63.4 
Sex (M: F) 12:8 11:9 
NIHS scale 12.27 12.17 
Hypertension 55% 50% 
Smoking 10% 15% 
Diabetic 30% 20% 
Ischemic Heart 
 Diseases 

45% 30% 

The onset of treatment were 10.3 ± 2.3 hours (range 
from 8 to 22 hours) for the treated group and 11.4 
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± 2.9 hours (range from 9 to 21 hours) for the 
untreated group. 
 On the baseline, the Orgogozo scores were 
similar for the two groups (44.5 ± 13.5 vs. 46.2 ± 
13.1; P = 0.242). The two groups' NIHSS scores 
also were similar at baseline (12.27 ± 2.8 vs. 12.17 ± 
1.8, P = 0.075) and then showed a steady divergence 
during the 5-days follow-up period. At the end of 
this time, there was a 1.32 point difference, on 
average, between treated and placebo groups and 
difference scale of day 1 and day 5 in two groups 
was statistically significant (3.16 ± 0.98 vs. 1.84 ± 
1.06, P < 0.05).   
 At the end of the follow-up, only 13 and 15 
patients from treated and placebo groups, 
respectively, referred to clinic. An average Rankin 
disability score had a trend toward higher values 
(2.17 ± 1.17 vs. 2.85 ± 1.36, P = 0.15) and the 
Barthel activities of daily living index score was 
nonsignificantly higher (81.3 ± 22.3 vs. 68.5 ± 19.9, 
P = 0.08). 
Average level of magnesium at 3rd day was 4.2±0.7. 
 
Discussion 
The results of this study demonstrated a signifi- cant 
trend of neurologic deficit improvement in the 
treated, compared to the control group. Rankin 
disability score was lower in the treated group than 
in the control subjects showing a trend toward 
improvement and the Barthel activities of daily 
living index was higher in the treated group, but in 
both score swere not significant. The reasons for 
the nonsignificant results can be attrition or 
selection bias after 3 months. In larger study with 
longer follow up (6 months) a more reliable result 
may be achieved. 
 Magnesium sulfate was chosen for this study, 
because of its assumed neuroprotective and 
vasodilatory trait, its safety from frequent serious 
adverse effects16 , and its effect on control of seizure 
and headache.   
 Because of the majority of stroke patients arrive 
at the hospital several hours after appearance of 
symptoms, the therapeutic window to 24 hours, was 
designed, but the usually accepted therapeutic 
window for neuroprotective medications is  up to 6 
hours and it seems that if the therapeutic window 

will be lesser, the result will be better. Indeed, 
studies on animal models showed that the 
evaluation of inclusive changes to infarction is not 
limited to the first 24 hours24.  
 In developing country, the stroke patients usually 
arrive to hospital after 6 hour sand then, 
thrombolytic therapy would not be used and if 
patients arrive sooner, this drugs are expensive and 
inaccessible. But  neuroprotective agents such as 
magnesium are accessible, chipper and more 
beneficial. Also in the study design, in spite of 
Lampl et al20, the days of using magnesium were 
limited to 4 days because many patients needed to 
be admitted only for 5 or < 5 days. In other studies, 
which have compared the efficacy of 
neuroprotective agents with placebo, the func- 
tional assessment scores showed a trend toward 
delayed recovery and lead to the hypothesis that 
neuroprotective medications may have an addi- 
tional role in the reorganization phase of the brain 
tissue in a late stage after the onset of infarct, but in 
this study, because of attrition of patients in long 
time follow up, the result can not be conclusive. 
 The mechanism of improvement in stroke by 
using magnesium as was demonstrated in this study, 
can be assumed to be neuroprotective based on 
antiexitoxic7-11 and vascular effects1-6. This effect was 
shown on the penumbra by the action of a 
competitive blockage of the glutamate receptor25, 26, 
the glutamate release inhibition27, mitochondrial 
calcium buffering7, and cellular energy metabolism 
recovery11. As a result, magnesium can be probably 
more beneficial for ischemic stroke with larger 
penumbra area. 
 This study used magnesium with dose of 1 gr/hr 
that was lesser than Lampl et al20 study but almost 
the same effect was seen and the serum level of 
magnesium was proper. This study was performed 
with a small number of patients so larger study 
needs for the results to be conclusive. However, it 
seems that in acute phase of stroke magnesium can 
recover neurological deficit and the future study 
with magnesium and other additive neuroprotective 
agents and evaluation of stroke complications such 
as seizure and headache is recommended.  

References 
1. Aisenbrey GA, Corwin E, Catanzarite V. Effect of magnesium sulfate on the vascular actions of nor epinephrine and 

angiotensin II. Am J Perinatol 1992;9:477–80  

www.mui.ac.ir

http://www.mui.ac.ir


In Vitro – in Vivo Evaluation of Sustained - Release Lithium Emami et al 
  

161  Journal of Research in Medical Sciences 2004; 4:158-161 

2. Kemp PA, Gardiner SM, Bennett T, et al. Magnesium sulphate reverses the carotid vasoconstriction caused by endothelin-I, 
angiotensin II and neuropeptide-Y, but not that caused by NG-nitro-L-arginine methyl ester, in conscious rats. Clin Sci 
1993;85:175–81  

3. Torregrosa G, Perales AJ, Salom JB, et al. Different effects of Mg2+ on endothelin-1- and 5- hydroxytryptamine-elicited 
responses in goat cerebrovascular bed. J Cardiovasc Pharmacol 1994; 23:1004–10.  

4. Belfort MA, Moise KJ Jr. Effect of magnesium sulfate on maternal brain blood flow in preeclampsia: a randomized, 
placebo-controlled study. Am J Obstet Gynecol 1992;167:661–6  

5. Rasmussen HS, Larsen OG, Meier K, et al. Hemodynamic effects of intravenously administered magnesium on patients with 
ischemic heart disease. Clin Cardiol 1988;11:824–8  

6. Reinhart RA. Clinical correlates of the molecular and cellular actions of magnesium on the cardiovascular system. Am Heart 
J 1991;121:1513–21.  

7. Smith DAS, Connick JH, Stone TW. Effect of changing extracellular levels of magnesium on spontaneous activity and 
glutamate release in the mouse neocortical slice. Br J Pharmacol 1989; 97:475–82.  

8. Harrison NL, Simmonds MA. Quantitative studies on some antagonists of N-methyl D-aspartate in slices of rat cerebral 
cortex. Br J Pharmacol 1985;84:381–91.   

9. Johnson JW, Ascher P. Voltage-dependent block by intracellular Mg2+ of N-methyl-D-aspartate-activated channels. 
Biophys J 1990; 57:1085–90.  

10. Brocard JB, Rajdev S, Reynolds IJ. Glutamate-induced increases in intracellular free Mg2+ in cultured cortical neurons. 
Neuron 1993;11:751–7  

11. Favaron M, Bernardi P. Tissue-specific modulation of the mitochondrial calcium uniporter by magnesium ions. FEBS Lett 
1985; 183:260–4.   

12. Marinov MB, Harbaugh KS, Hoopes PJ, et al. Neuroprotective effects of preischemia intra-arterial magnesium sulfate in 
reversible focal cerebral ischemia. J Neurosurg 1996; 85:117–24.  

13. Yang Y, Li Q, Ahmad F, et al. Survival and histological evaluation of therapeutic window of post- ischemia treatment with 
magnesium sulfate in embolic stroke model of rat. Neurosci Lett 2000; 285:119–22.  

14. Izumi Y, Roussel S, Pinard E, et al. Reduction of infarct volume by magnesium after middle cerebral artery occlusion in 
rats. J Cereb Blood Flow Metab 1991; 11:1025–30.  

15. Wester PO, Asplund K, Eriksson S, et al. Infusion of magnesium in patients with acute brain infarction. Acta Neurol Scand 
1984; 70:143.  

16. Muir KW, Lees KR. A randomized, double-blind, placebo-controlled pilot trial of intravenous magnesium sulfate in acute 
stroke. Stroke 1995; 26:183–8.  

17. Muir KW, Lees KR. Dose optimization of intravenous magnesium sulfate after acute stroke. Stroke 1998; 29:918–23.  
18. IMAGES Study Group, Bradford APJ, Muir KW, Lees KR. IMAGES pilot study of intravenous magnesium in acute 

stroke. Cerebrovasc Dis 1998;8(suppl 4):86.  
19. Muir KW, Lees KP. Systematic review of glutamate antagonists in acute stroke. Stroke 2002; 33:386.  
20. Lampl Y, Gilad R, Geva D, et al. Intravenous administration of magnesium sulfate in acute stroke: a randomized double-

blind study. Clin Neuropharmacol 2001; 24:11–15.  
21. Orgogozo JM, Dartigues JF. Methodology of clinical trials in brain infarction. In: Battistini N, Fiorani P, Coubier R, Plum 

F, Fieschi C, eds. Acute Brain Ischemia: Medical and Surgical Therapy, vol 32. New York.Raven Press 1986; 201–8.    
22. Mahoney FI, Barthel DW. Functional evaluation: the Barthel Index. Md State Med J 1965; 14:61–5.    
23. Van Sweiten JC, Koudstaal PJ, Visser MC, Shouten HJ, Van Gijn J. Interobserver agreement for the assessment of 

handicaps in stroke patients. Stroke 1988; 19(5):604–7.  
24. Chi OZ, Pollak P, Weiss HR. Effects of magnesium sulfate and nimodipine on regional cerebral blood flow during middle 

cerebral artery ligation in the rat. Arch Int Pharmacodyn Ther 1990;304:196–205 
25. Altura BM, Altura BT, Carella A, Gebrewold A, Murakawa T, Nishio A. Mg+2–Ca+2 interactions in contractility of 

vascular smooth muscle: Mg+2 versus organic calcium channel blockers on myogenic tone and against induced 
responsiveness of blood vessels. Can J Physiol Pharmacol 1987; 65:129–45.    

26. Davis J, Watkins JC. Effect of magnesium ions on the responses of spinal neurons to excitatory amino acids and 
acetylcholine. Brain Res 1977; 130:364–8.    

27. Mori H, Masaki H, Yamakura T, Mishina M. Identification by mutagenesis of a Mg(2+)-block site of the NMDA receptor 
channel. Nature 1992; 358:673–5.    

 
 
  

www.mui.ac.ir

http://www.mui.ac.ir

