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Although insulin is still the drug of choice in the treatment of 
diabetes in children, oral hypoglycemic drugs have been widely used 
in the control of adult diabetes. Rubenstein, et al. have recently re­
ported on the hypoglycemic affect of manganese in a child with an 
unusual form of diabetes of seven years duration.1 Since magnesium 
is known to be necessary in several pathways of carbohydrate meta­
bolism and is closely related chemically to manganese, magnesium 
sulfate infusion was given to three diabetic children who were on 
insulin treatment at Hacettepe Children’s Hospital. Although Ruben­
stein et al. used very small amounts (5 mg) of manganese by mouth, 
we gave large amounts of magnesium sulfate infusions (150 mg/Kg) 
intravenously. This is equal to 20 mg/Kg of magnesium.

The ages of the diabetic children were from 5 to 14 years. Two of 
them were admitted for the first time to the hospital for treatment of 
their initial diabetic acidosis. The third child (5 years old) had been 
followed in this hospital for more than three years for diabetes. The 
acidosis was treated according to Dr. Hartmann’s method2 and mag­
nesium sulfate infusions were given after the diabetes was under 
moderate control, i.e., when total urinary sugar output was around 
five per cent of total available glucose.

For three consecutive days prior to magnesium sulfate infusion, 
fasting blood sugar levels were determined at 8 a.m. Then the daily 
insulin requirement was given in the form of a mixture of crystalline 
and NPH insulin, after which the patients had breakfast. Blood was 
drawn for blood sugar determinations again at 8:30, 9:00 and 9:30 
a.m. This procedure was followed on the fourth day, with the addition 
of a 3 per cent solution of magnesium sulfate (150 mg/Kg) given 
intravenously while the patient breakfasted. The magnesium sulfate
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was given as rapidly as possible, within a period of 20 to 30 minutes. 
Blood was obtained again at 8:30, 9:00, and 9:30 a.m. During these 
four days, the patients’ diets and insulin amounts were not changed. 
Blood sugar determinations were done by the Folin-Wu method’ and 
the results are summarized in Table 1.

TABLE i
BLOOD SUGAR LEVELS OF THREE DIABETIC CHILDREN ON 

THREE CONTROL DAYS AND AFTER INTRAVENOUS 
MAGNESIUM SULFATE INFUSIONS

Fasting Blood Sugar 
8:00 AM

Blood Sugar 
8:30 AM

Blood Sugar 
9:00 AM

Blood Sugar 
9:30 AM

I.Y.
1st day 155 mg % 160 mg % 122 mg % 170 mg %
2nd day 262 mg % 258 mg % 222 mg % 190 mg %
3rd day 219 mg % 254 mg % 272 mg % 282 mg %
4th day* 226 mg % 169 mg % 127 mg % 111 mg %

M.S.
1st day 338 mg % 282 mg % 242 mg % 295 mg %
2nd day 448 mg % 434 mg % 414 mg % tube broken
3rd day 400 mg % 416 mg % 432 mg % 390 mg %
4th day* 392 mg % 208 mg % 197 mg % 230 mg %

Î.B.
1st day 174 mg % 225 mg % 316 mg % —
2nd day 64 mg % 200 mg % 308 mg % 310 mg %
3rd day 406 mg % 420 mg % — 385 mg %
4th day* 550 mg % 432 mg % 410 mg % 316 mg %

♦ The day that magnesium sulfate infusion was given.

Magnesium sulfate infusions were given to three patients without 
diabetes as a control measure. These patients had urinary tract infec­
tion, iron deficiency anemia, and ecchynococcus of the lungs, respec­
tively. Family history of diabetes was not obtained for any of the 
control cases. Blood sugar determinations of the control group were done 
at the same hours as the diabetic patients and the same procedure was 
used in administering the magnesium sulfate solution on the fourth 
day. The results of the blood sugar determinations for this group are 
given in Table 2.
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BLOOD SUGAR LEVELS OF CONTROL CASES PRIOR TO AND 
ON THE DAY MAGNESIUM SULFATE WAS INFUSED

(IN MILLIGRAMS %)

TABLE 2

Patient Fasting Blood Sugar 
8:00 AM

Blood Sugar 
8:30 AM

Blood Sugar 
9:00 AM

Blood Sugar 
9:30 AM

M.Y.
1st day 70 92 87 92
2nd day 89 92 92 77
3rd day 83 77 91 85
4th day* 83 97 105 tube broken

H.E.D.
1st day 88 ' 110 108 99
2nd day 98 82 95 98
3rd day 82 110 102 110
4th day* 90 99 103 91

T.Y.
1st day 112 111 118 108
2nd day 100 105 90 108
3rd day 87 110 120 103
4th day* 95 107 118 133

♦ The day that magnesium sulfate infusion was given.

Results

As can be seen in the tables, magnesium sulfate infusion did not 
have any effect on normal blood sugar levels in the control cases. 
However, blood sugar levels of all three diabetic patients dropped 
considerably (116 mg %, 195 mg %, and 234 mg %, respectively) 
within one hour following magnesium sulfate infusion. It seems that 
the higher the blood sugar level, the greater the effect of magnesium 
sulfate in decreasing blood sugar.

Discussion

Magnesium is second in abundance only to potassium as an intra­
cellular cation known to be an activator in several pathways of car­
bohydrate metabolism.

The pathways in which the magnesium ion has some role, Embden- 
Meyerhof, glucose storage, and pentose shunt, are indicated in Figure 1. 
The magnesium ion is also required in the citric acid cycle (succinyl

Mg++
Co A--- ► succinate). The magnesium ion is known to be necessary
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Figure 1. Pathways of glucose metabolism in which magnesium ion is the activator.

for the activation of phosphoralase, phosphatase, enolase, peptidase, 
decarboxilase, and those enzymes which require ATP. Thus it has 
not been possible to prove an absolute requirement for this ion, and, 
on this basis, a definitive physiologic role for magnesium cannot be 
assigned.4

Normal serum magnesium levels have been determined for children 
and newborns.5-6 Lower than normal levels have been observed 
in malnutrition,6-7 hyper and hypoparathyroidism,* hyperaldosteron-
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ism,’ celiac disease,10 malabsorption syndrome,’1 and following 
treatment for diabetic acidosis.12’13

Magnesium is absorbed from the small intestine and, as for 
calcium, increased phosphate intake and magnesium soap decrease 
magnesium absorption. Vitamin D however has no effect on the 
absorption of magnesium.4 Fifty per cent of the body’s magnesium 
is stored in the bones, and most of the remainder is intracellular.14 
Thirty-five per cent of the magnesium in plasma is bound to protein, 
and a small amount is bound to citrate.4 The largest proportion of 
magnesium in plasma is in its ionized form. Excretion of magnesium 
occurs through the kidneys. Lactate decreases magnesium re-absorp- 
tion through the proximal convoluted tubules, which is one cause of 
magnesium deficiency during the treatment of diabetic acidosis if 
lactate is used. Although DiamoxR (Acctazolamide; 2-acetylamino- 
i,3,4,-thiadiazole-5-sulfonamide) increases calcium excretion through 
the kidneys, it decreases magnesium excretion. Parathormone effect 
on magnesium metabolism is similar to that on calcium metabolism. 
Magnesium has a pharmacologic effect on the cardio-rcspiratory 
system, the central nervous and the myoneural junctions of the mus­
cles.15 Eosinophilia and proximal tubular changes due to magnesium 
deficiency is reported in rats.16*17

Since manganese proved to be effective in controlling blood sugar 
levels of at least one diabetic patient, and since the effect of magnesium 
on carbohydrate metabolism can be partially replaced by manganese, 
and the mean serum magnesium concentration of patients with con­
trolled diabetes receiving insulin is said to be low,12 magnesium sul­
fate infusions were given to those diabetic children with high blood 
sugar levels. Although the data are not sufficient to support a defini­
tive conclusion, it seems that magnesium sulfate is effective in de­
creasing high blood sugar levels.

Rubenstein and his colleagues1 gave magnesium to their mangane­
se-sensitive diabetic patient in order to ascertain whether the patient’s 
response to manganese was specific, without any effect on his blood 
sugar level. The magnesium was given orally and the dose was not 
specified. Although Garby and de Verdier18 did not show the effect 
of various concentration of magnesium on erythrocyte glucose con­
sumption in vitro, it has been shown that glucose uptake by isolated 
rat diaphragm is increased in the absence of, but more so in the pre­
sence of, insulin.19 Rubenstein et al postulated that manganese might 
act in one of two ways:
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I. It may act peripherally, and may accelerate 
cellular glucose uptake or utilization either 
directly or by potentiating insulin action; 
or it may interfere with the action of glucagon 
in forming glucose from stored glycogen in the 
liver.
2. Manganese may act on the pancreas by 
accelerating the release of stored insulin into 
the bloodstream, or by inhibiting the release 
of glucagon.

In explaining the effect of manganese on their patient, they favored 
inhibition of the release of glucagon.

When blood glucose levels of diabetic children are in reasonably 
good control, glucagon produces a hyperglycemic effect as in a normal 
person. However, when the blood sugar is markedly elevated, the 
effect of glucagon is less predictable and might depress blood sugar 
levels.20 For that reason, without further evidence, it seems more 
reasonable to suppose that the glucose uptake and storage in the 
cells is increased by magnesium infusion. Unfortunately, magnesium 
levels could not be measured in our cases. In one of these (I.Y) mag­
nesium sulfate was given orally (0.5 gm) twice a day, b.i.d. with 
some decrease in his insulin requirement (about 10 units) at the begin­
ning. Since we do not see many diabetic children in Turkey, more 
data could not be collected on this subject. We thought it worth 
publishing this preliminary data with the hope that it would interest 
other investigators.

Summary

The effect of magnesium sulfate on the blood sugar levels of three 
moderately well-regulated diabetic children is reported. With mag­
nesium sulfate infusion in all these cases initial high blood sugar levels 
decreased considerably. Magnesium sulfate was not effective at all 
in three children with normal blood sugar levels.



EFFECT OF MAGNESIUM SULFATE 217

REFERENCES

1. Rubinstein, A.H., Levin, N.W., and Elliott, G.A.: Manganese induced hypoglycemia, 
Lancet 2: 1348, 1962.

2. Hartmann, A.F., Sr., and Klingberg, W.G.: Diabetes Mellitus in Infants and Children: 
Report of the Twelfth Ross Conference on Pediatric Research, Columbus, Ohio, Ross 
Laboratories, 1955, p. 44.

3. Harrison, G.A.: Chemical Methods in Clinical Medicine, fourth edition, J. and A. 
Churchill Ltd, 1957, p. 188.

4. Wacker, W.E.C., and Vallee, B.L.: Magnesium metabolism, New England J. Med. 
259: 431, 1958 259: 475, 1958.

5. Anast, C.S.: Serum magnesium levels in the newborn, Pediatrics 33: 969, 1964.
6. Mays, J.E., ahd Keele, D.K.: Scrum magnesium levels in healthy children and in various 

disease states, A.M.A.J. Diseases of Children 102: 623, 1961.
7. Back, E.H., Montgomery, R.D., and Ward, E.E.: Neurological manifestations of mag­

nesium deficiency in infantile gastroenteritis and malnutrition, Archives of Diseases in 
Childhood 37: 106, 1962.

8. Homer, L.: Hypoparathyroidism requiring massive amounts of medication with apparent 
response to magnesium sulphate, J. Clinical Endocrinology 21: 219, 1961.

9. Mader, I.J., and Iseri, L.T.: Spontaneous hypopotassemia, hypomagnesemia, alkalo­
sis, and tetany due to hypersecretion of corticosteriod-like mineral corticoid, American 
J. Medicine 19: 976, 1955.

10. Goldman, A.S., Van Fossan, D.D., and Baird, E.E.: Magnesium deficiency in celiac 
disease, Pediatrics 29: 948, 1962.

11. Booth, C.C., Babouris, N., Hanna, S., and MacIntyre, I.:. The incidence of hypomagnese­
mia in intestinal malabsorption, British Medical Journal 2: 141, 1963.

12. Stutzman, F.L., and Amatuzio, D.S.: Blood serum magnesium in portal cirrhosis and 
diabetes mellitus, J. Lab and Clin. Med. 41: 215, 1953.

13. Butler, A.M., Diabetic Coma, New England J. Med. 243: 648, 1950.
14. Widdowson, E.M., McCance, R.A., and Spray, C.M.: Chemical composition of human 

body, Clinical Science 10: 113, 1951.
15. Vallee, B.L., Wacker, W.E.C., and Ulmer, D.D.: The magnesium deficiency tetany 

syndrome in man, New England J. Med. 262: 155, 1960.
16. Hungerford, G.F., and Karson, E.F.: The eosinophilia of magnesium deficiency. Blood 

16: 1642, 1960.
17. Barron, G.P., Brown, S.O., and Pearson, P.B.: Histological manifestation of magnesium 

deficiency in rat and rabbit, Proc. Soc. Exper. Biol, and Med. 70: 220, 1949.
18. Garby, L., and de Verdier, C.: Glucose metabolism in normal erythrocytes I. Kinetics 

of the hexokinase reaction in intact cells, Scand. J. Haemat. 1: 150, 1964.
19. Bhattacharya, G.: Effects of metal ions on the utilisation of glucose and the influence 

of insulin on it by the isolated rat diaphragm, Biochem. J. 79: 369, 1961.
20. Etzwiler, D.D.: Variation in glucagon response among juvenile diabetics, Pediatrics 

32: 1002, 1963.


