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INTRODUCTION

Over 50% of adults in the USA does not get their daily requirement of

Magnesium ( Mg) from foods (1). Hospitalized patients are especially at

risk of Mg deficit, both with and without hypomagnesemia.

Hypomagnesemia is an electrolyte disturbance in which there is an

abnormally low level of Mg in the blood (2). Hypomagnesemia may result

from a number of conditions including inadequate intake of Mg, chronic

diarrhea, malabsorption, alcoholism, chronic stress, and use of

medications such as diuretics (2). Deficiency of Mg causes weakness,

muscle cramps, cardiac arrhythmia, respiratory arrest, increased irritability

of the nervous system with tremors, athetosis, jerking, nystagmus and

even death in some cases (2). In addition, disorientation, hallucinations,

depression, epileptic fits, hypertension, tachycardia and tetany may also

occur. Oral Mg supplements was found to absorb poorly and cause GI

distress. The Institute of Medicine's Food and Nutrition Board have set

magnesium's Upper Limit at 350 mg/day for men and women >8 yrs of

age even though the RDA for adult men is 400 mg/day (3). This indicates

that Mg supplementation is crucial for majority of human populations;

however, the oral route for Mg supplements has some real problems

associated with it. Although, the injection of Mg is available, an alternative

delivery of Mg supplement via transdermal route will be ideal for efficient

Mg supplementation which will improve the patient compliance (4).

Transdermal delivery of medicines is safer, more efficient, convenient,

patient friendly and less painful than injections or IV’s (4).

HYPOTHESIS:

We hypothesize that Mg supplement cream will deliver

Mg via transdermal route of administration into the

systemic circulation which may be helpful in the treatment

of Hypomagnesemia.

OBJECTIVES:

• To conduct the transdermal permeation studies of Mg supplement

cream formulation across human skin using Franz diffusion set

up.

• To determine the extent of transdermal permeation of Mg from

cream formulations by analyzing the samples for Mg content using

atomic absorption spectroscopy.

The purpose of this study was to compare the passive permeation of

Mg across human skin from pharmaceutical grade Mg Chloride

(MgCl2) formulated in cream to that of pharmaceutical grade MgCl2 in

solution.
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EXPERIMENTAL  METHODSOVERVIEW

• A formulated pharmaceutical grade Mg cream was able to

successfully deliver the Mg across human skin.

• Transdermal delivery of Mg may play an important role in the

management of patient suffering from sub-optimal Mg status.

RESULTS

MATERIALS:

The magnesium chloride (MgCl2) cream formulation was formulated by Dr.

Andrea Rosonoff, Director of Research & Science Information Outreach

Center for Magnesium Education & Research Pahoa, HI 96778. The

permeation study will be performed using human cadaver skin (Pelfreez,

USA). Transdermal permeation of Mg supplement cream formulation

across human skin was performed by using transdermal Diffusion Cell

Drive Console (Logan Transdermal Testing System FDC-6). The atomic

absorption spectroscopy method was used for the Mg analysis.

METHODS

Transdermal permeation of Mg from Mg supplement cream

formulation across human skin: The skin was soaked in the receptor

medium(phosphate buffer saline 7.4) to equilibrate and them cut into

appropriate size. The transdermal Diffusion Cell Drive Console (Logan

Transdermal Testing System FDC-6) was used to carry out this

investigation. Skin was mounted between the cell cap (donor) and the cell

body (receptor). The dermis was bathed from below with an isotonic saline

solution injected through a port. Temperature was maintained at 37°C by

thermostatically controlled water that enters the water jacket of the Franz

diffusion cells. Homogeneous distribution of temperature in the phosphate

buffer saline solution was accomplished by agitating motion of Teflon-

covered magnetic stirring bar, driven by an external magnet and mounted

on timing motor. The transdermal permeation efficiency of Mg from MgCl2
cream I and MgCl2 cream II was studied across skin compared to positive

control MgCl2 solution and negative control phosphate buffer solution. The

cream or MgCl2 solution equivalent to 2.76 mg of Mg were applied per

2.52 cm2 of skin and mounted on diffusion cell. Samples were collected

after 1, 2, 3, 4, 5 and 24 h and analyzed using Atomic absorption

spectroscopy at 285 nm. The experiments were performed in triplicates.

The results were analyzed using unpaired t-test.

Schematic 1 Representation of the in vitro skin permeation protocol

CONCLUSION

FUTURE DIRECTIONS 
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The cumulative Mg permeation from Mg cream I, Mg cream II, MgCl2
solution, and phosphate buffer across human skin after 24 h were found

to be 29.7913.92, 24.53  9.98, 6.18  1.36, and 5.62  1.83 g/2.52cm2

respectively. Comparison of permeation profile of Mg from Mg cream I,

Mg cream II, MgCl2 solution after 24 h. From the results it can be seen

that both creams showed statistically significant (p < 0.05) Mg permeation

compared with the two control solutions.

RESULTS

Figure 2 Cumulative in vitro permeation of Mg from Mg cream I compare to MgCl2 solution across

human skin using pH 7.4 phosphate buffer ( 37°C) as medium (n=3).

• Transdermal permeation studies in a suitable animal model

• Clinical Trials 

Figure 1 Standard curve of MgCl2 analysis at concentration 1-5 ppm 

Figure 3 Cumulative in vitro permeation of Mg from Mg cream II compare to MgCl2
solution across human skin using pH 7.4 phosphate buffer ( 37°C) as medium (n=3).

Figure 4 Cumulative in vitro permeation of Mg cream I, Mg cream II, and MgCl2 solution

after 24 h across human skin using pH 7.4 phosphate buffer ( 37°C) as medium (n=3).

Table 1  Summary of average cumulative Mg  passively permeated across human skin

Time (hour)
Magnesium cream I Magnesium cream II MgCl2 Solution Phosphate buffer

Mean S.D. Mean S.D. Mean S.D. Mean S.D.

1 3.312 1.281 3.243 1.121 3.143 0.875 2.286 0.145

2 11.581 3.165 9.007 2.312 3.246 0.557 3.240 0.539

3 15.690 6.787 12.599 4.081 3.522 0.546 3.647 0.559

4 20.145 9.299 16.024 5.922 3.669 0.534 3.964 0.594

5 24.831 12.269 19.459 7.759 3.849 0.557 4.241 0.649

24 29.786 13.915 24.525 9.984 6.176 1.356 5.621 1.829

Analytical Method Development for Measurement of Mg using 

Atomic absorption Spectrometer 

The calibration curve of Mg chloride solution was established by

dissolving the various concentrations of Mg chloride in the phosphate

buffer pH 7.4 and measuring the absorbance of the resulting aliquots at

285 nm using Atomic Absorption Spectrometer, using phosphate buffer as

blank. Concentrations in the range of 1 ppm to 5 ppm were prepared by

suitable dilution with phosphate buffer.

y = 0.0344x
R² = 0.9917
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Transdermal permeation of Mg across Human Skin

Permeation studies are carried out using modified Franz diffusion cell

with the diffusion area 2.52cm2. The permeation studies were carried

using various formulation with 2.76 mg equivalence of Mg concentration

at different time periods of 1, 2, 3, 4, 5, and 24 h.

Mg cream I showed greater Mg permeation than Mg cream II,

but the difference was not statistically significant. The MgCl2
solution showed a similar result to that of phosphate buffer.
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