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Background: Magnesium (Mg) deficiency contributes to the pathophysiology of numerous diseases. The 
therapeutic use of Mg has steadily increased over time.  The increased in-hospital use of intravenous (IV) 
magnesium sulfate (MgSO4) warrants more extensive investigation regarding the safety of the therapy.  
The aim of this study was to determine the safety of IV MgSO4 infusion on cardiovascular, liver, kidney, 
and metabolic markers in adults. 
Methods: Twelve volunteers were randomized to one of two cross-over conditions: (a) IV infusion of 
MgSO4 in 5% dextrose followed by IV infusion of 5% dextrose 1 week later or (b) IV infusion of 5% 
dextrose followed by IV infusion of MgSO4 in 5% dextrose 1 week later.  An electrocardiogram was 
recorded continuously during the infusions. Blood was drawn pre- and post-infusion for blood count 
(high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, and triglycerides). 
Results: Serum Mg increased from pre- to post-infusion in the MgSO4 + 5% dextrose group (p < 0.0001).  
The QRS interval length increased from pre- to post-infusion in the MgSO4 + 5% dextrose group (p < 
0.04).  Additionally, serum glucose concentration increased in the MgSO4 + 5% dextrose group (p = 
0.04).  These significant findings were modeled with gender and age as covariates. No other significant 
differences were found. 
Conclusions: The administration of IV infusion of MgSO4 (4 g/100 mL) in 5% dextrose over a 4-hour 
treatment period poses no significant deleterious effects on cardiovascular, liver, kidney, or metabolic 
function. 
Relevance for patients: IV infusion of MgSO4 may be used for certain treatment indications without 
significant concern for systemic or organ toxicity. 
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1. Introduction
Magnesium (Mg) is the fourth most abundant mineral in the

body, acting as a cofactor in more than 300 enzymatic reactions 
and performing an important role in adenosine triphosphate 

metabolism [1-3]. Mg is required for protein synthesis, 
reproduction, and DNA and RNA synthesis.  Mg is also crucial 
in regulating muscular contractions, cardiac excitability, blood 
pressure, vasomotor tone, insulin metabolism, nerve transmission, 
and neuromuscular conduction [1-3].  The normal serum 
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magnesium concentration in humans is 1.8 to 2.3 mg/dL [4]. 
Due to the many functions of Mg in the human body, it plays an 
important role in the prevention and treatment of many diseases. 

Mg deficiency contributes to the pathophysiology of 
numerous diseases including hypertension, ischemic heart 
disease, arrhythmias, preeclampsia, asthma, and critical illness 
[5], and the therapeutic value of Mg for different conditions is 
under investigation in multiple trials.  To date, intravenous (IV) 
magnesium sulfate (MgSO4) has been widely used in the 
treatment of preeclampsia and premature labor [6] and torsades 
de pointes [5].  More recently, we investigated the effect of IV 
MgSO4 infusion in adults with treatment-resistant depression 
and found modest improvement in depressive symptoms that 
were correlated with increases in serum Mg [7].  Despite the 
increasing therapeutic use of Mg, indications for the measurement 
of Mg levels and the treatment of hypomagnesemia with IV 
MgSO4 are not well-defined in hospitalized patients.  Increases 
in the in-hospital use of Mg are also not clearly explained by 
medical indications [8]. 

In light of the increased use of Mg in the treatment of a 
variety of conditions, the safety of this therapy warrants further 
investigation. Although electrocardiographic (ECG) and 
electrophysiological effects of IV Mg infusion have been studied 
in experimental animals [9], human studies remain limited.  A 
few studies have examined the effects of IV MgSO4 on 
electrolytes [10-12], cardiac conduction and refractoriness [10], 
cardiac hemodynamics [6,13], and colloid osmotic pressure 
changes [14] (Table 1).  The purpose of the present study was to 
determine the safety of IV MgSO4 infusion on cardiovascular, 
liver, kidney, and metabolic parameters in adults. 

2. Materials and Methods

2.1 Study participants

The study was conducted with the approval of the 
University of Miami Institutional Review Board for 
human subject research (protocol no. 20110168).  Each 
subject signed informed consent and Health Insurance 
Portability and Accountability Act forms prior to study 
entry.  Potential participants (n = 199) were identified 
through referrals from offices at the University of Miami 
School of Medicine, the Department of Psychiatry and 
Behavioral Sciences clinics, Center for Complementary 
and Integrative Medicine, advertisements around the 
University of Miami campus, from clinicaltrials.gov, 
and from Life Extension Foundation from October 2011 
to December 2014.  Twenty-two subjects were enrolled for 
the baseline screening, 13 subjects were eligible after 
baseline screening, and 12 participants were enrolled and 
randomly assigned to one of the two study conditions

(Table 2). The current study was performed as part of a clinical 
trial that evaluated the effect of IV MgSO4 infusion on 
depressive symptoms in adults with treatment-
resistant depression [7]. 
2.2 Inclusion and exclusion criteria 

Inclusion criteria were: (a) age 21-70 years; (b) major 
depressive disorder diagnosis according to DSM-IV-TR 
criteria and treatment-resistant depression defined as failure of 
clinical improvement after 6 weeks with an approved, 
clinically adequate dose of a selective serotonin reuptake 
inhibitor (SSRI), a serotonin-norepinephrine reuptake 
inhibitor (SNRI), or a selective noradrenaline reuptake 
inhibitor (NRI); and (c) if currently taking an SSRI, SNRI, 
NRI, aripiprazole, quetiapine, risperidone, bupropion, or a 
TCA for more than 90 days, the participant must have 
maintained the same dose for the past 90 days prior to study 
enrollment.  Exclusion criteria were:  (a) a baseline serum 
Mg level >2.6 mg/dL (normal range 1.6-2.6 mg/dL); (b) 
currently enrolled (or in the last 30 days) in another research 
trial for investigative nutritional or other therapies thought 
to have an impact on depression; (c) currently taking an oral 
medication or nutritional supplement containing more than 
100% RDA of Mg (for women over age 31, 320 mg/day and 
for men over age 31, 420 mg/day); (d) diagnosed with any 
medical condition that would preclude participation in the 
study; (e) taking oral digoxin, penicillamine, any antibiotic, 
or any other oral psychotropic medication (other than 
aripiprazole, quetiapine, or risperidone) for any indication, 
except sedatives for sleep, in addition to the SSRI, SNRI, or 
NRI in the course of treatment for depression; (f) pregnant, 
planning to become pregnant, currently breastfeeding, or 
unwilling to avoid pregnancy; (g) systolic blood 
pressure of >160 mm Hg or diastolic blood pressure of 
>90 mm Hg; or (h) any of the following abnormal
laboratory test values: bilirubin >2x upper normal limit;
aspartate aminotransferase and alanine
aminotransferase >2x upper normal limit; serum creatinine >1.5
mg/dL; blood glucose  <80 mg/dL or >110 mg/dL;
serum calcium (Ca) level  of <8.6 mg/dL; or triglycerides >200
mg/dL.
2.3 Screening

Study staff conducted a preliminary screening to determine 
whether the potential participant met criteria to take part in the 
study.  If the preliminary screening was acceptable, the 
participant was scheduled for informed consent and study 
protocol procedures. 
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Table 1. Summary of clinical research evaluating the effects of IV infusion of MgSO4. 
Study Indication or purpose Dosage and infusion protocol 
Mroczek et al., 1977 [6]  effect on cardiovascular hemodynamics in 

normotensive and hypertensive subjects (n = 10) 4 g of MgSO4 in 250 mL of 5% dextrose in water for 10 min 

Cruikshank et al., 1981 [11] 
effect on urinary Mg, Ca, and phosphate 
excretion in women at term with mild to 
moderate preeclampsia (n = 20) 

loading dose of 4 g of MgSO4·7H2O in 5% dextrose - 0.45% saline for 15-30 
min followed by maintenance dose of 1-2 g/h and infusion continued until 18-24 
h after delivery 

Dicarlo et al., 1986 [10]  effect on cardiac conduction and refractoriness in 
normal subjects (n = 10) 6 g of MgSO4 for 6 min followed by continuous infusion of 1 g over 1 h 

Suzuki et al., 1986 [12] 
effect on corrected serum Ca level and 
nephrogenous cyclic AMP excretion in healthy 
subjects (n = 7) 

9 g of MgSO4·7H2O in 250 mL of 5% dextrose in water for 120 min 

Vigorito et al., 1991 [13] effect on coronary and systemic hemodynamics 
in subjects with chest pain syndromes (n = 9) 4 g of MgSO4 in 20 mL of 5% dextrose for 10 min 

Yeast et al., 1993 [14] 1-year clinical study; effect on colloid osmotic
pressure and risk of pulmonary edema in women
with preeclampsia or preterm labor (n = 294) 

preeclampsia (n = 120): 4 g bolus of MgSO4 followed by continuous infusion at 
2 g/h with subsequent adjustments for 24-48 h 
preterm labor (n = 174): 6 g bolus of MgSO4 followed by continuous infusion at 
3 g/h with subsequent adjustments for at least 48 h 

Hamill-Ruth and McGory, 
1996 [15] 

prospective, double-blind, randomized, placebo-
controlled 2-arm study; effect on potassium 
homeostasis in critically ill adults (n = 32) 

arm 1: 2 g (8 mmol) of MgSO4 for 30 min - every 6 h - 8 doses 
arm 2: 5% dextrose in water 

Demirkaya et al., 2001 [16] 

randomized, single-blind, placebo controlled 2-
arm study; effect on symptoms in patients with 
moderate to severe acute migraine attacks (n = 
30) 

arm 1: 1 g of MgSO4 for 15 min (n = 15) 
arm 2: 10 mL of 0.9% NaCl (n = 15) 

Schenk et al., 2001 [17] 

randomized, double-blind, placebo controlled 2-
arm study; effect on bronchial reactivity to 
methacholine in patients with bronchial 
hyperreactivity (n = 30) 

arm 1: 0.3 mmol/kg/h of MgSO4 (n = 20) 
arm 2: 0.9% NaCl (n = 10) 

Takeuchi et al., 2014 [18] 
randomized, double-blind, placebo controlled 3-
arm study; effect in patients with severe 
aneurysmal subarachnoid hemorrhage (n = 450) 

arm 1: MgSO4 (2.5 mmol – 20 mL/h – 14 days) + H2  
arm 2: MgSO4 (2.5 mmol – 20 mL/h – 14 days) + normal glucose-electrolyte 
solution  
arm 3: Ringer's solution (20 mL/h – 14 days) + normal glucose-electrolyte 
solution  

Vickovic et al., 2016 [19] 

2-arm clinical study; effect as adjuvant to
anesthesia on cardiovascular stability in
hypertensive patients undergoing diverse surgical
procedures (n = 100)

arm 1: 30 mg/kg MgSO4 bolus followed by 0.9% NaCl infusion at 10 mg/kg/h 
(n = 50) 
arm 2: 0.9% NaCl (n = 50) 

Mehdi et al., 2017 [7] 

randomized, placebo controlled 2-arm 
study; effect on depressive symptoms in 
patients with mild to moderate treatment-
resistant depression (n = 12) 

arm 1: 4 g of MgSO4 in 5% dextrose for 240 min 
arm 2: 5% dextrose alone for 240 min with a 5-day washout in between the 8-
day intervention period 

Riaz et al., 2017 [20] 

prospective, randomized, controlled, double-
blind 3-arm study; effect of perioperative IV 
MgSO4 on minimum alveolar concentrations of 
desflurane in female patients undergoing breast 
conservative surgery (n = 60) 

arm 1: bolus of 100 mL of 0.9% NaCl followed by infusion (n = 20) 
arm 2: bolus of 40 mg/kg MgSO4 in 100 mL 0.9% NaCl bolus followed by 0.9% 
NaCl infusion (n = 20) 
arm 3: bolus of 40 mg/kg MgSO4 in 100 mL 0.9% NaCl followed by MgSO4 
infusion at 10 mg/kg/h (n = 20) 

Kim et al., 2018 [21] effect on total and ionized serum Mg and Ca in 
women with preterm labor (n = 64) 

loading dose of 2 g of MgSO4 for 1 h followed by maintenance dose of 0.8–3.0 
g/h (maximum dose = 3 g/h) 

Abbreviations: Mg = magnesium; Ca = calcium; AMP = adenosine monophosphate, mmol = milimolar, H2 = hydrogen gas; n = number of subjects; MgSO4 = 
magnesium sulfate; NaCl = sodium chloride; g = gram; IV = intravenous; mL = milliliter; h = hour; min = minute; mg = milligram; kg = kilogram 

2.4 Randomization 

After screening and baseline measurements, participants were 
randomly assigned to one of two conditions: (a) IV infusion of 
MgSO4 in 5% dextrose followed by IV infusion of 5% dextrose 
1 week later (Treatment A) or (b) IV infusion of 5% dextrose 
followed by IV infusion of MgSO4 in 5% dextrose 1 week later 
(Treatment B).  Treatment assignment was done with a table of 
random permutations, which balanced the number of 
participants in each group, by the University of Miami research 
pharmacy. All subjects and investigators were blinded to 

treatment condition and remained blinded until after data 
analysis. Only one staff member at the research pharmacy knew 
the assignment. Infusion materials were provided by the study 
sponsor (Life Extension Foundation, Ft. Lauderdale, FL, USA). 

2.5 Intervention schedule 

Participants were scheduled for assessments and/
or treatments at baseline and on days 1, 2, 7, and 8.  
Each participant was required to fast prior to and for the 
4 hours during each IV infusion on days 1 and 7. 
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2.6 Treatment 
An MgSO4 injection USP solution (50% in 5 mL water at 

0.5 g/mL) was diluted in 100 mL of 5% dextrose injection 
USP (https://www.drugs.com/pro/magnesium-sulfate.html). 
The 4 g (32.58 mEq Mg2+) dose of MgSO4 in 5% 
dextrose or 5% dextrose alone was administered through an 
IV via an infusion pump over 240 min (25 mL/hour) from a 
100 mL bag.  The IV line was not used to inject any other 
medications.  Based upon the existing literature, the 
recommended dosage for Mg deficiency is 5 g 
(approximately 40 mEq Mg2+) and can be added to 1 L of 
5% dextrose USP for slow IV infusion over a 3-hour period.  
Thus, the amount of Mg delivered was well within acceptable 
limits and not supra-physiological. 
2.7 Baseline 

At baseline, a health history form was completed, 
which elicited allergy information, medical and surgical 
histories, concomitant or recently taken medications, over-
the-counter non-prescription products, nutritional 
supplements, and investigational products. Vital signs and 
ECG were assessed. Participants also underwent a full physical 
examination to verify eligibility and had fasting blood drawn. 
A serum or urine pregnancy test for female participants 
of childbearing potential was also performed. 
2.8 Days 1 and 7 

At each time point, participants had their fasting blood 
and urine specimens tested for items in the laboratory 
assessments listed below.  Assessments included basic vital 
signs taken at pre-dose, 15 min, 30 min, 45 min, 60 min, 90 
min, 120 min, 150 min, 180 min, 210 min, and 240 min.  
An ECG report was generated at pre-dose, completion of 
infusion, and 24 hours after infusion completion.  An 
accountability was performed of the study product, and any 
deviations were noted.  Participants had their fasting blood and 
urine specimens tested for items listed in the assessment section 
below. 
2.9 Days 2 and 8 

The participants underwent a brief physical exam and 
were interviewed to capture any adverse effects. The 
participants had basic vital signs taken.  Fasting blood was 
collected for analysis as described below. A serum or urine 
pregnancy test was also performed on day 8 for female 
participants of childbearing potential. After finishing the 
procedures for day 8, the participants were discharged 
from the study. 
2.10 Outcomes and assessments 

All participants completed an extensive socio-
demographics and medical history questionnaire and 
reported their list of medications at baseline. At the 
baseline visit, complete blood count (CBC) and clinical 
chemistry (serum and urine Mg, high-density lipoprotein (HDL) 

and low-density lipoprotein (LDL) cholesterol, and 
triglycerides), and urinalysis were assessed.  During the IV 
infusion phase (days 1 and 2 and days 7 and 8), the 
following assessments were performed: (a) ECG, CBC/
chemistry, HDL and LDL cholesterol, triglycerides, 
and serum Mg at pre-dose on days 1 and 7, at 
infusion completion on days 1 and 7, and 24 h after infusion 
completion on days 2 and 8, and (b) a pregnancy test via 
serum or urine was conducted at baseline and on day 8. 

2.11 Intervention protocol 

Participants had a staff member with them at all times to 
ensure compliance.  Subjects were not advised to modify eating 
or physical activity habits or prescription medication use during 
the protocol.  In addition, they were instructed not to consume 
any dietary supplement containing Mg during the trial.  Subjects 
listed all dietary supplements taken on the health history 
form, and products were reviewed to ensure none of these 
nutrients was consumed during the course of the trial. 

2.12 Statistical analysis

Data were analyzed using SAS 9.3 (SAS, Durham, NC, USA).  
We used the general linear model to assess changes over the 
course of the intervention (administration of the MgSO4) among 
the primary outcome variables, including the ECG values, heart 
rate, blood pressure, and blood and urine tests.  For each outcome 
variable, we tested the effect of administering the MgSO4 (MgSO4 
+ 5% dextrose vs. 5% dextrose) on pre-post percent change.  The
two groups, MgSO4 + 5% dextrose and 5% dextrose, were
clustered for analysis.  The general linear models were performed
two ways: (a) controlling for gender and age and (b) not
controlling for gender and age.  The reported results are with
controlling for gender and age only, since that method is
theoretically sound, empirically supported, and to report the other
models would be redundant.  The relevant model statistics, t-test
value, degrees of freedom in brackets, and corresponding p level
are listed.  The higher the t-test value (and the lower the p level),
the more likely that a difference in an outcome variable is
significant.  The criterion for statistical significance was α = 0.05.
A p value of ≤0.05 was considered statistically significant.

3. Results

3.1 Safety and tolerability

During the entire study period, one subject had an elevated 
blood pressure response during the infusion of MgSO4, but it 
was apparently due to not taking her hypertension medication 
the morning of the infusion.  Once her medication was 
administered, her blood pressure normalized.  No other adverse 
events were reported. 

http://dx.doi.org/10.18053/jctres.04.201801.002
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3.2 Cardiovascular function 

As noted in Table 3, a significant difference was observed in 
the MgSO4 + 5% dextrose vs. 5% dextrose alone QRS interval 
length change from pre- to post-infusion (t = –2.25 [1], p = 
0.04), controlling for age and gender.  The QRS interval length 
increased from 83.6 ± 19.6 to 87.1 ± 18.9 milliseconds (msec) 
pre- to post-infusion in the MgSO4 + 5% dextrose group and 
decreased from 85.3 ± 17.9 to 83.5 ± 17.1 msec in the 5% 
dextrose alone group. No other significant differences were 
noted in the cardiovascular markers. 

3.3 Liver enzymes 

No significant differences were found in the liver enzymes 
shown in Table 4. 

3.4 Kidney function 

No significant differences were found in the kidney function 
markers shown in Table 5. 

3.5 Serum electrolytes 

As seen in Table 6, a significant difference was observed in 
the MgSO4 + 5% dextrose vs. 5% dextrose alone serum Mg 
percent change from pre- to post-infusion (t = 10.04 [1], p < 
0.0001), controlling for age and gender.  Serum Mg increased 
from 2.0 ± 0.2 to 3.2 ± 0.4 mg/dL pre- to post-infusion in the 
MgSO4 + 5% dextrose group and decreased from 2.0 ± 0.3 to 
1.9 ± 0.1 mg/dL in the 5% dextrose alone group.  No other 
significant differences in electrolyte concentrations were noted.  

3.6 Complete blood count and metabolic markers 

As seen in Table 7, a significant difference was observed for 
the percent change in serum glucose from pre- to post-infusion (t 
= –2.25 [1], p = 0.04), controlling for age and gender.  Serum 
glucose increased from 85.8 ± 13.5 to 92.1 ± 9.1 mg/dL pre- to 
post-infusion in the MgSO4 + 5% dextrose group and also 
increased from 84.2 ± 18.9 to 89.9 ± 8.2 mg/dL in the 5% 

dextrose alone group.  No other significant differences were 
found in metabolic or CBC markers. 

4. Discussion
The aim of the current study was to determine the safety of

IV MgSO4 infusion in adults. Based on our findings, the 
administration of IV MgSO4 (4 g/100 mL) in 5% dextrose over 
4 hours poses no deleterious effects on cardiovascular, liver, 
kidney, and metabolic function.  In our study, serum Mg 
concentrations increased significantly in the MgSO4 treatment 
group from pre- to post-infusion, which was consistent with 
previous studies (Table 1) [6,10-13]. 

An increase in the QRS interval from 83.6 ± 19.6 to 87.1 ± 
18.9 msec pre- to post-infusion in the MgSO4 plus 5% dextrose 
group was noted, but no other significant differences were seen 
in cardiovascular (ECG) markers.  A recent prospective study 
suggested increased QRS interval to be predictive of sudden 
cardiac death with a 2.5-fold risk elevation in subjects with QRS 
interval >110 msec compared to QRS interval <96 msec [22]. In 
light of these prior findings, the QRS interval length increase 
noted in our study does not appear to be clinically significant, as 
it is still within the range of normal physiological variation (69-
109 msec) [22]. Current evidence also indicates that drug- 
induced changes in the QRS interval observed in healthy 
subjects do not hold the same clinical and prognostic 
significance as the same findings in patients with existing 
cardiovascular disease [22].  Another study by DiCarlo et al. 
previously showed no significant change in QRS interval or 
heart rate with infusion of 6 g IV MgSO4 over 6 minutes [10]. 
In contrast, a study by Vigorito et al. noted an increase in heart 
rate after MgSO4 infusion [13], while in our study a small non-
significant increase in heart rate (69.3 ± 12.0 to 73.0 ± 12.3, p = 
0.10) was found.  However, the infusion rate of 4 g MgSO4 in 10 
minutes used by Vigorito et al. was much faster than the rate 
used in our study. Additionally, no significant change occurred 
in mean arterial pressure during our study, which is supported 
by results from Mroczek et al., who also noted no change in 
mean arterial pressure in normotensive subjects and a transient 
fall in mean arterial pressure in hypertensive subjects [6]. 

Table 2. Sociodemographic characteristics of the patient cohort. 

Variable Category MgSO4 - Dextrose (n = 6) Dextrose - MgSO4 (n = 6) Statistic 

Age - M = 43.2, SD = 9.5, R = 30-56 M = 49.8, SD = 7.9, R = 42-64 t = -1.3 (10), 
p = 0.22 

Gender Male 
Female 

1 (17%) 
5 (83%) 

2 (33%) 
4 (67%) 

χ2 = 0.4 (1), 
p = 0.51 

Race/ethnicity 
White, non-Hispanic 
African-American 
Hispanic 

3 (50%) 
- 
3 (50%) 

1 (17%) 
4 (67%) 
1 (17%) 

χ2 = 6.0 (2), 
p = 0.05 

Education 
Up to high school graduate 
Some college/Associate’s degree 
Bachelor’s or Master’s degree 

3 (50%) 
1 (17%) 
2 (33%) 

5 (83%) 
1 (17%) 
0 (0%) 

χ2 = 2.5 (2), 
p = 0.29 

Marital status 
Never married 
Married 
Widowed or divorced 

1 (17%) 
2 (33%) 
3 (50%) 

2 (33%) 
1 (17%) 
3 (50%) 

χ2 = 0.67 (2), 
p = 0.72 

Abbreviations: M = mean; SD = standard deviation; R = range 
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Table 3. Cardiovascular function at pre-infusion and 24 hours post-infusion categorized per treatment group. 

Measure   MgSO4 - Dextrose  Dextrose MgSO4 - Dextrose Dextrose Statistics 
Pre Post Pre Post % Diff % Diff t value p value 

Heart rate (bpm) 
M = 69.7 
(SD = 12.0; 
R = 55-90) 

M = 73.0 
(SD = 12.3; 
R = 59-90) 

M = 70.5 
(SD = 13.5; 
R = 50-91) 

M = 70.5 
(SD = 9.5; 
R = 54-82) 

9.5% 1.4% –1.81 0.09 

QT interval (msec) 
M = 410.4 
(SD = 35.2; 
R = 350-448) 

M = 404.4 
(SD = 35.2; 
R = 342-448) 

M = 408.5 
(SD = 30.3; 
R = 358-454) 

M = 400.4 
(SD = 34.7; 
R = 346-450) 

-2.6% –2.0% 0.08 0.93 

QTc (Framingham method) (msec) 
M = 428.5 
(SD = 22.5; 
R = 387.9-462) 

M = 428.5 
(SD = 21.0; 
R = 388.6-458.4) 

M = 426.8 
(SD = 23.2; 
R = 387.1-468.8) 

M = 421.0 
(SD = 26.0; 
R = 385.9-460.4) 

-0.1% –1.4% –0.89 0.39 

P interval (msec) 
M = 90.4 
(SD = 12.2; 
R = 74-108) 

M = 92.4 
(SD = 12.2; 
R = 64-106) 

M = 93.3 
(SD = 13.1; 
R = 70-114) 

M = 92.2 
(SD = 10.8; 
R = 74-108) 

7.8% 2.0% –0.69 0.50 

PR interval (msec) 
M = 163.8 
(SD = 21.4; 
R = 132-198) 

M = 164.5 
(SD = 29.6; 
R = 120-216) 

M = 160.8 
(SD = 22.1; 
R = 134-198) 

M = 165.6 
(SD = 25.5; 
R = 138-210) 

2.7% 1.4% –0.37 0.72 

QRS interval (msec) 
M = 83.6 
(SD = 19.6; 
R = 58-130) 

M = 87.1 
(SD = 18.9; 
R = 70-136) 

M = 85.3 
(SD = 17.1; 
R = 68-134) 

M = 83.5 
(SD = 17.9; 
R = 62-130) 

5.3% –0.9% –2.25 0.04 

Systolic blood pressure 
(mm Hg) 

M = 111.0 
(SD = 19.7; 
R = 88-148) 

M = 114.7 
(SD = 18.6; 
R = 92-145) 

M = 118.1 
(SD = 23.7; 
R = 91-170) 

M = 127.3 
(SD = 28.1; 
R = 97-187) 

4.0% 7.5% 0.82 0.42 

Diastolic blood pressure 
(mm Hg) 

M = 68.5 
(SD = 13.3; 
R = 51-96) 

M = 69.1 
(SD = 13.0; 
R = 46-84) 

M = 74 
(SD = 11.7; 
R = 59-96) 

M = 78.8 
(SD = 20.6; 
R = 46-132) 

1.4% 7.1% 0.65 0.52 

Pulse pressure (mm Hg) 
M = 42.5 
(SD = 10.8; 
R = 30-63) 

M = 45.6 
(SD = 12.6; 
R = 34-71) 

M = 44.1 
(SD = 17.2; 
R = 25-90) 

M = 37.8 
(SD = 57.2; 
R = 32-100) 

9.8% –19.2% 0.68 0.51 

Mean arterial pressure (mm Hg) 
M = 82.7 
(SD = 14.9; 
R = 63.3-113.3) 

M = 84.3 
(SD = 13.9; 
R = 62.7-102.3) 

M = 88.7 
(SD = 14.6; 
R = 69.7-113.3) 

M = 91.4 
(SD = 15.6; 
R = 63-120.3) 

2.5% 3.5% 0.24 0.81 

Abbreviations:  MgSO4 = magnesium sulfate; M = mean; SD = standard deviation; R = range. Statistics represent models that control for gender and age. 

Table 4. Liver enzymes at pre-infusion and 24 hours post-infusion categorized per treatment group. 

Measure 
  MgSO4 - Dextrose  Dextrose MgSO4 - Dextrose Dextrose Statistics 
Pre Post Pre Post % Diff % Diff t value p value

Alanine aminotransferase (IU/L) 
M = 19.8 
 (SD = 11.0;  
R = 8-46) 

M = 20.4 
(SD = 12.5;  
 R = 7-50) 

M = 25.6 
(SD = 19.7;  
 R = 7-61) 

M = 26.2 
(SD = 21.0;  
R = 9-62) 

11.0% 6.6% –0.43 0.68

Aspartate aminotransferase (IU/L) 
M = 25.3 
(SD = 13.6;  
R = 13-51) 

M = 22.8 
(SD = 10.2; 

  R = 12-46) 

M = 24.8 
(SD = 12.4; 

  R = 13-52) 

M = 24.3 
 (SD = 13.0; 
  R = 14-49) 

–2.3% –2.9% –0.11 0.92

Lactate dehydrogenase (IU/L) 
M = 176.7 
 (SD = 37.0;  
R = 141-266) 

M = 186.8 
(SD = 49.9; 
 R = 128-304) 

M = 184.9 
(SD = 31.1;  
 R = 139-233) 

M = 167.4 
 (SD = 32.0;  
R = 124-218) 

3.1% –7.1% –2.05 0.06

Abbreviations:  MgSO4 = magnesium sulfate; M = mean; SD = standard deviation; R = range. Statistics represent models that control for gender and age. 

Table 5. Kidney function at pre-infusion and 24 hours post-infusion categorized per treatment group. 

Measure    MgSO4 - Dextrose   Dextrose MgSO4 - Dextrose Dextrose  Statistics 
Pre Post Pre Post % Diff % Diff t value p value 

Bilirubin (mg/dL) 
M = 0.4 
(SD = 0.2; 
R = 0.1-0.6) 

M = 0.4 
(SD = 0.2;  
R = 0.1-0.7) 

M = 0.4 
(SD = 0.2;  
R = 0.2-0.6) 

M = 0.4 
(SD = 0.2; 
R = 0.1-0.7) 

5.3% 9.1% 0.18 0.86 

Serum creatinine (mg/dL) 
M = 0.8 
(SD = 0.1; 
R = 0.56-1.03) 

M = 0.7 
(SD = 0.2; 
R = 0.5-0.98) 

M = 0.8 
(SD = 0.2; 
R = 0.53-1.18) 

M = 0.8 
(SD = 0.2; 
R = 0.5-1.13) 

–2.8% 0.7% 0.98 0.34 

Blood urea nitrogen (BUN) (mg/dL) 
M = 11.8 
(SD = 4.6; 
R = 4-20) 

M = 9.9 
(SD = 3.3; 
R = 3-15) 

M = 11.4 
(SD = 2.5; 
R = 7-16) 

M = 10.5 
(SD = 2.4; 
R = 8-16) 

–12.1% –5.1% 1.17 0.26 

BUN/creatinine ratio 
M = 15.5 
(SD = 6.4; 
R = 6-26) 

M = 13.4 
(SD = 4.2; 
R = 6-19) 

M = 14.8 
(SD = 5.6; 
R = 8-26) 

M = 14.2 
(SD = 5.3; 
R = 8-23) 

–8.4% –5.9% 0.29 0.77 

Abbreviations:  MgSO4 = magnesium sulfate; M = mean; SD = standard deviation; R = range. Statistics represent models that control for gender and age. 
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Table 6. Serum electrolytes at pre-infusion and 24 hours post-infusion categorized per treatment group. 

Measure 
  MgSO4 - Dextrose    Dextrose MgSO4 - 

Dextrose Dextrose Statistics 

Pre Post Pre Post % Diff % Diff t value p value 

Magnesium (mg/dL) 
M = 2.0 
(SD = 0.2;  
R = 1.7-2.2) 

M = 3.2 
(SD = 0.4;  
R = 2.8-4) 

M = 2.0 
(SD = 0.3; 
 R = 1.7-2.6) 

M = 1.9 
(SD = 0.1;  
R = 1.6-2.1) 

63.0% 0.1% –10.04  < 0.0001 

Calcium (mg/dL) 
M = 9.4 
(SD = 0.6; 
 R = 8.5-10.2) 

M = 9.2 
 (SD = 0.5; 
 R = 8.6-10.4) 

M = 9.2 
 (SD = 0.5;  
R = 8.6-10.2) 

M = 9.2 
 (SD = 0.5; 
R = 8.6-10.4) 

–1.8% –1.0% 0.41 0.69 

Potassium (mmol/L) 
M = 4.2 
(SD = 0.3; 
R = 3.7-4.6) 

M = 4.1 
(SD = 0.7; 
 R = 3.4-5.9) 

M = 4.2 
 (SD = 0.5; 
 R = 3.7-5.7) 

M = 3.9 
(SD = 0.3; 
 R = 3.3-4.3) 

–1.4% –4.9% –0.69 0.50 

Iron (μg/dL) 
M = 97.9 
(SD = 31.2;  
R = 60-159) 

M = 90.9 
 (SD = 37.2;  
R = 52-182) 

M = 90.5 
 (SD = 46.5; 
 R = 33-195) 

M = 96.5 
(SD = 64.9;  
 R = 28-264) 

–5.9% 10.5% 1.43 0.17 

Sodium (mmol/L) 
M = 138.3 
(SD = 2.8;  
R = 134-144) 

M = 137.7 
(SD = 1.6; 
 R = 135-140) 

M = 138.6 
(SD = 2.3; 
 R = 134-142) 

M = 137.3 
 (SD = 2.6; 
 R = 133-140) 

–0.5% –0.7% –0.40 0.69 

Phosphorus (mg/dL) 
M = 3.7 
(SD = 0.7; 
 R = 3-5.3) 

M = 3.5 
 (SD = 0.4; 
 R = 2.8-4.1) 

M = 3.6 
(SD = 0.4; 
 R = 3-4.2) 

M = 3.6 
(SD = 0.5; 
 R = 2.6-4.4) 

–4.0% –0.2% 0.86 0.40 

Abbreviations:  MgSO4 = magnesium sulfate; M = mean; SD = standard deviation; R=range. Statistics represent models that control for gender and age. 

Table 7. Complete blood count and metabolic markers at pre-infusion and 24 hours post-infusion categorized per treatment group. 

Measure 
MgSO4 - Dextrose Dextrose MgSO4 - Dextrose Dextrose   Statistics 

Pre Post Pre Post % Diff % Diff t-value p-value 

Serum glucose (mg/dL) 
M = 85.8 
(SD = 13.5; 
 R = 72-116) 

M = 92.1 
(SD = 9.1;  
R = 81-109) 

M = 84.2 
(SD = 18.9;  
R = 36-110) 

M = 89.9 
 (SD = 8.2; 
 R = 81-108) 

8.4% 1.5% –2.25 0.04 

Triglycerides (mg/dL) 
M = 171 
 (SD = 123.3;  
 R = 60-503) 

M = 165.1 
 (SD = 90.3; 
R = 70-309) 

M = 181.1 
(SD = 138.2;  
R = 36-516) 

M = 149.9 
(SD = 70.4;  
 R = 43-265) 

11.9% 5.5% –0.44 0.67 

HDL cholesterol (mg/dL) 
M = 62.8 
(SD = 28.7; 
 R = 17-116) 

M = 55.4 
(SD = 24.7;  
R = 20-116) 

M = 51.1 
(SD = 16.7;  
 R = 20-75) 

M = 52.1 
 (SD = 18.4; 
  R = 20-74) 

–5.6% –0.1% 0.57 0.58 

LDL cholesterol (mg/dL) 
M = 104.5 
 (SD = 27.2; 
 R = 74-165) 

M = 103.7 
(SD = 38.4;  
 R = 16-178) 

M = 107.8 
(SD = 50.1;  
 R = 24-226) 

M = 110.8 
(SD = 52.7; 
  R = 31-231) 

–0.2% 1.0% 0.10 0.92 

Monocytes (%) 
M = 7.4 
(SD = 2.2;  
R = 4-11) 

M = 7.8 
(SD = 2.0; 
 R = 4-12) 

M = 7.5 
(SD = 1.6; 
 R = 4-10) 

M = 8.6 
(SD = 1.6;  
R = 5-11) 

8.7% 15.4% 0.81 0.43 

Lymphocytes (%) 
M = 34.5 
(SD = 15.3;  
 R = 8-59) 

M = 35.3 
 (SD = 12.5; 
 R = 12-56) 

M = 30.9 
(SD = 13.8; 
  R = 10-63) 

M = 33.6 
(SD = 14.5; 
  R = 13-62) 

11.5% 10.2% –0.17 0.87 

Neutrophils (%) 
M = 55.6 
(SD = 15.5;  
 R = 31-82) 

M = 54.5 
(SD = 12.4;  
 R = 35-75) 

M = 59.2 
(SD = 14.5; 
 R = 27-80) 

M = 55.5 
(SD = 15.3;  
 R = 27-76) 

–2.2% –5.5% –0.84 0.41 

Platelets (103/μL) 
M = 236.2 
 (SD = 76.6; 
R = 118-388) 

M = 240.6 
(SD = 74.2;  
R = 98-401) 

M = 228.0 
(SD = 80.0;  
R = 96-375) 

M = 228.2 
(SD = 86.5;  
R = 111-377) 

2.7% 0.3% –0.64 0.53 

White blood cells (103/μL) 
M = 6.1 
(SD = 1.8;  
R = 3.5-9) 

M = 6.8 
 (SD = 2.0;  
R = 3.6-10.2) 

M = 6.5 
(SD = 1.7; 
R = 4-9.2) 

M = 6.9 
 (SD = 2.4; 
 R = 4.1-12) 

7.3% 4.4% –0.51 0.62 

Abbreviations:  MgSO4 = magnesium sulfate; M = mean; SD = standard deviation; R=range. Statistics represent models that control for gender and age. 

Likewise, we observed no significant differences in liver 
enzymes and kidney function markers in the current study.  A 
small increase in serum glucose was noted in the MgSO4 
infusion group when corrected for age and sex, but the 
significance was lost in the uncorrected model.  The slight 
increase in serum glucose may have been caused by the infused 
dextrose, which has previously been shown to elicit a significant 

short-term increase in serum glucose [23]. In our study, 5 g of 
dextrose was infused, which provided 17 kcal per dose.  No 
other significant changes in electrolyte concentrations were 
observed. A significant decrease in serum Ca during MgSO4 
infusion was previously noted by Cruikshank et al. [11] but was 
not observed in our study.  Once again, the infusion rate used by 
Cruikshank et al. was much faster at 4 g in 15-30 minutes 
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compared to our protocol.  A similar decrease in serum Ca was 
noted by Suzuki et al. [12], who also utilized a faster infusion 
protocol of 9 ± 1.2 g MgSO4 over 2 hours. 

5. Conclusions
Taken together, our data on cardiovascular, liver enzyme,

kidney, and metabolic function markers indicate that MgSO4 can 
be safely infused by the IV route.  These findings add to the 
current literature that has shown IV MgSO4 infusion to be a safe 
therapeutic modality. The results should be valuable for 
encouraging the development of studies to investigate new IV 
MgSO4 treatment paradigms for a variety of clinical disorders. 
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