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Some manifestations of magnesium defici- 
ency in animals are suggestive of hypocorti- 
costeronism. These signs include anemia, ina- 
bility to gain weight, erythema, lethargy, 
and hypercalcemia ( 1) .  Richer, Veilleux, and 
Bois (2) observed decreased plasma corti- 
costerone levels in magnesium-deficient ani- 
mals. This study was designed to determine 
whether glucocorticoid or ACTH administra- 
tion prevents or reduces any of the alter- 
ations of magnesium deficiency. 

Materials and Methods. One hundred 
Holtzman strain male rats each weighing 
about 100 g were used. They were individual- 
ly caged and provided diet and deionized 
water ad libitum. The magnesium concentra- 
tion of the deficient diet (3) was 0.11 t_ 0.01 
mM. A control diet was prepared by adding 
magnesium sulfate to the basal diet to in- 
crease the magnesium content to 16.5 mM. 
The rats were divided into five groups of 20. 
The animals in Group A received the mag- 
nesium-deficien t diet and a daily intramuscu- 
lar injection of two units of ACTH. Group B 
animals were given the magnesium deficient 
diet and a daily intraperitoneal injection of 1 
mg of corticosterone (Compound B).  The 
animals in Group C were given the control 
diet. Group D animals received the magnesi- 
um-deficient diet. Group F animals were 
provided with the magnesium deficient diet 
and given daily ip injections of 1 mg of 
cortisol (Compound F) . 

Ten animals from each group were sac- 
rificed by decapitation after 20 days and the 
remaining animals were sacrificed after 3 5 
days on the experimental regimens. Food was 
removed from the cages 12 h r  before the 

1 This investigation was supported by Grant DE- 
01850 from ithe National Institute of Dental Research, 
Rethesda, Maryland. 

animals were sacrificed, and the animals were 
not handled during this period. Blood was 
collected in a beaker containing 0.2 ml of 
heparin solution. Immediately after sacrifice 
of the animals, the adrenal glands, liver, 
spleen, kidneys, and testes were removed and 
weighed. 

Plasma and erythrocytes were separated by 
centrifugation. Plasma a1 kal ine phospha tase 
activities (4 )  were assayed with and without 
addition of 10 mM Mg2+ to the incubation 
media; the assay media without added mag- 
nesium contained only the magnesium 
present in 0.1 ml plasma. The assays for 
alkaline phosphatase with magnesium- 
enriched media were performed in order to 
assure an  adequate concentration of this co- 
factor for full enzymatic action (5).  Deter- 
minations were made of plasma magnesium 
(6) ,  plasma corticosterone (7) , plasma calci- 
um [35 days only] (6),  serum protein [35 
days only] (8) , and erythrocyte magnesium 
( 6) concentrations. Erythrocyte pyrophos- 
phatase activity assays were made by the 
methods of Bailey (9). In  addition, serum 
protein electrophoretic patterns were prepared 
with selected specimens from the animals 
sacrificed a t  20 days. 

Results. All results are expressed as means 
with values of the SEM. The  numbers in 
parentheses in the tables given the number of 
animals, or the number of determinations 
when this was a lesser number than the num- 
ber of animals. 

The  results from the protein electrophoret- 
ic patterns of the sera are shown in Table I. 
I n  Table I1 are displayed the mean body 
weight increments of the animals during 20 
days and the weights of the adrenals, kid- 
neys, spleen, liver, and testes a t  the time of 
sacrifice. Similar data obtained after 35 days 
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TABLE 1. Serum Protein Concentrations of Rats a t  20 Days of Magnesiuni Deficiency (g/lOO nil). 

Total Alpha 1 Alpha2 Beta Gamma 
serum protein Albumin globulin globulin globulin globulin 

Untreated magnesium 
defici en t (D) 

with corticosterone (B) 

(Mg f eil) ((3 

Magnesium-deficient treated 

Control 

2' Valuc 1)-c 
2) V W ~ U C  E-C 

4.49 
- +0.08 (10) 

20.13 (4) 

20.15 (4) 

0.001 
0.00 1. 

4.95 

6.05 

1.83 
- +0.04 

2.23 
20.08  

2.48 
-1-0.08 

0.(?01 
0.05 

0.79 
- +0.03 

0.88 
2 0 . 0 6  

1.10 
20.06 

0.001 
0.025 

0.52 
-1-0.04 

0.58 
20.06 

0.60 
2 0 . 0 0  

0.30 
0.70 

1.14 
k0 .03  

1.13 
50.08 

1.43 
50.06 

0.001 
0.01 

0.18 
k O . 0 1  

0.15 
k0.03 

0.40 
20.04 

0.001 
0.001 

TABLE 11. Body Weight Increment and Organ Weights of Rats in Magnesium Deficiency and With 
Hormone Administration (20 Days on Experimental Regimens). 

Organ weights 

Body weight Adrenals Kidneys Spleen Liver Testes 
growth (g> (mg ) (g) (g> (g> (9) 

Group A (10) 50.60 k 2.56 40.41 2 1.52 1.55 2 0.06 0.65 2 0.05 6.29 0.15 2.67 & 0.06 

Group B (10) 55.30 2 2.02 35.05 2 1.34 1.57 2 0.04 0.84 & 0.05 6.62 2 0.20 2.72 2 0.08 

Group C (10) 137.90 k 4.19 25.73 f 1.34 2.16 2 0.08 0.75 -+ 0.04 9.67 2 0.46 2.85 & 0.04 

(ACTH) 

(CPd B) 

(control ; Mg-f ed) 

(untreated, 
Mg-deficient) 

Group D (10) 49.40 2 4.12 32.69 & 2.75 1.56 2 0.07 0.86 2 0.07 6.75 2 0.30 2.72 0.07 

Group F (10)  53.90 5 2.58 35.01 2 1.12 1.60 -c 0.04 0.74 2 0.05 G.49 +- 0.20 2.68 & 0.04 
(CPd F) 

TABLE 111. Body Weight Jncrements and Organ Weight,s in  Magnesium Deficiency and With Hor- 
mone Administration (35 Days on Experimental Regimens). 

Organ weights 

Body weight; hdrciinls Kidneys Splccn Tiver Testes 
growth (g) (mg) (g) (8) (g) (9) 

Group A (6) 78.00 & 3.42 66.37 2 2.35 1.76 2 0.03 0.74 k 0.03 6.62 -L 0.16 3.09 k 0.06 

Group B (6) 88.33 _+ 4.72 42.47 _t 1.93 1.85 & 0.10 1.13 2 0.07 7.50 2 0.43 3.09 k 0.23 

Group C (10) 227.80 2 7.22 30.82 1.60 2.58 +- 0.08 0.81 _t 0.02 11.54 & 0.29 3.37 5 0.06 

Group D (9) 92.56 2.36 41.90 I+ 2.35 1.93 c 0.03 1.13 2 0.04 7.79 -I- 0.15 3.61 2 0.13 

(ACTH) 

(Cpd B) 

(coIltrol; Mg-f ei l )  

(untreated, 
Mg-deficient) 

Group F ( 7 )  91.00 2 5.89 39.91 1.41 1.71 2 0.13 0.88 +_ 0.10 7.26 2 0.37 2.79 & 0.35 
(CPd F) 
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of experimentation are presented in Table 
111. The results for plasma and erythrocyte 
enzyme activities, plasma corticosterone con- 
tents, and plasma and erythrocyte magnesi- 
um concentrations of animals on the experi- 
mental regimens for 20 days are given in 
Table IV and the same results after 35 days 
of experimentation are shown in Table V. 
Total serum protein contents and plasma cal- 
cium concentrations are also given in Table 
V. 

Discussion. The increments of body weight 
(Tables I1 and 111) indicated that glucocor- 
ticoid supplementation of magnesium- 
deficient animals did not result in any signifi- 
cant differences in body weight gain when 
compared with those of the magnesium- 
deficient animals not treated with steroid hor- 
mones. These observations demonstrate that 
deficiencies in glucocorticoid synthesis in 
magnesium deprivation could not have been 
the sole cause of impaired ability of the mag- 
nesium-deficient animals to gain weight a t  
the normal rate. A significant decrease in rate 
of body weight gain of the animals of Group 
A, compared to those of Group D, was ob- 
served at  35 days (Table 111) but not at  20 
days (Table 11). This result is probably 
related to the marked depression of steroidal 
synthesis in the animals of Group A by 35 
days as indicated by the low plasma corticos- 
terone levels (Table V) a t  this time. 

In previous studies by Hungerford and 
Karson ( 1 0 )  and Richer et al. ( 2 )  no differ- 
ences in adrenal gland weights between mag- 
nesium-deficient and control rats were found 
at  21 or 2 0  days. In  our investigation? howev- 
er? significant increases of adrenal weights 
were found in all groups of animals which 
received the magnesium-deficient diet for 20 
and 35 days (Tables I1 and 111). The adren- 
al hypertrophy was particularly marked in 
the animals given ACTH and the magnesi- 
um-deficient diet. Since ACTH is the only 
compound known to effect increases of adren- 
al weights ( 1  1 ) ,  it is suggested that the mag- 
nesium-deficient state stimulates ACTH pro- 
duction and/or the liberation of ACTH. In 
support of this hypothesis are the reports 
that substantial increments of histamine ap- 
pear in the plasma and urine of magnesium- 
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deficient rats ( 1 2 ) ,  and the well-known influ- 
ence of histamine in promoting ACTH 
secretion (13) .  Since the animals in Groups 
B, D, and F had approximately the same 
adrenal gland weights a t  20 and at  35 days, it  
would appear that the magnesium-deficiency 
state produced a relatively uniform stimula- 
tion of ACTH production which was indepen- 
dent of exogenous glucocorticoid administra- 
tion. Parenteral administration of ACTH to 
magnesium-deficient rats, however, produced 
a significant increase in the weights of the 
adrenal glands when compared with the other 
magnesium-deficient animals at 3 5 days 
(Table 111). This result suggests that the 
endogenous and exogenous ACTH were 
cumulative in stimulation of adrenal glands 
of magnesium9deficient animals. 

The relatively uniform lower weights of the 
livers and kidneys of the magnesium- 
deficient animals, compared to those of the 
Group C animals, reflect the changes in body 
weight gain and indicated no significant glu- 
cocorticoid effect on the weights of these or- 
gans (Tables I1 and 111). The findings with 
respect to splenic and testicular weights sug- 
gest that these organs were not affected in a 
major way by magnesium deficiency. 

A generalized curtailment of protein syn- 
thesis in magnesium deficiency was indicated 
by the lowered values for serum protein con- 
centration, and of plasma alkaline phos- 
phatase and erythrocyte pyrophosphatase ac- 
tivities in magnesium-deficient animals (Ta- 
bles I, IV, and V). Electrophoretic patterns 
of the serum proteins showed a significantly 
lower concentration of all serum protein frac- 
tions, with the exception of alpha-2-globulins, 
in the magnesium-deficient state a t  20 days 
(Table I ) .  The maintenance of normal levels 
of alpha-2-globulins in sera of magnesium- 
deficient animals is possibly related to in- 
creased synthesis of these proteins in disease 
states associated with tissue destruction and 
debility (14) .  

There is evidence that parenteral adminis- 
tration of glucocorticoids over 35 days to 
magnesium-deficient animals affected the bal- 
ance in turnover of some proteins. The total 
serum protein concentration and the plasma 
alkaline phosphatase and erythrocyte pyro- 
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phosphatase activities (Table V) were signifi- 
cantly elevated in the animals of Groups B 
and F when compared with magnesium- 
deficient animals not receiving glucocorti- 
coids (Group D) .  However, the serum pro- 
tein concentration and enzyme activities in 
the animals of Groups B and F were lower 
than the values for the control animals 
(Group C) . These observations are consistent 
with the findings of Feigelson et aZ. (15)  
that exogenous glucocorticoids stimulate pro- 
tein synthesis in the liver of rats. 

In  contrast to the results of Richer et  QZ.  
(2 ) ,  a significant elevation of the serum cor- 
ticosterone concentrations in magnesium- 
deficient animals (Group D) was present af- 
ter 20 days on the regimens compared with 
control animals (Table I V )  . The largest ele- 
vation in plasma corticosterone levels a t  20 
days was founld in the ACTH-treated group, 
indicating a response of the adrenal glands to 
ACTH a t  20 days. However, after 35 days 
of experimentation the plasma corticosterone 
concentrations of animals of all magnesium- 
deficient groups, including those treated with 
ACTH, were below the results found with the 
control animals, and the lowest plasma corti- 
costerone concentrations were seen in the ani- 
mals treated with ACTH (Group A ,  Table 
V) .  These observations suggest that the 
adrenal glands of the magnesium-deficient 
animals given ACTH suffered some degree of 

I t  is suggested that the reductions of red- 
cell magnesium content were due to cells 
formed during the period of magnesium’ defi- 
ciency rather than to depletion of existing 
cells. Plasma calcium concentration was not 
significantly affected by magnesium depriva- 
tion. 

The  results for plasma alkaline phos- 
phatase assays, with and without added mag- 
nesium, confirm those of Heaton (5) that the 
magnesium content of the plasma of rats 
given magnesium-deficient diets is not suffici- 
ent to allow full exhibition of the enzyme 
activity in vitro. 

Summary. Parenteral administration of 
glucocorticoSds did not prevent the signs and 
biochemical changes of magnesium deficiency 
in the rat. The  adrenal glands increased in 
weight in magnesium deficiency, probably 
secondary to an increase in production and/ 
or liberation of endogenous ACTH. The 
increase in adrenal weights was not prevented 
by parenteral glucocorticoid administration. 
Magnesium-deficien t rats given daily paren- 
teral ACTH showed an increase in adrenal 
weights, a decrease in plasma corticosterone 
levels, anld a more advanced state of debility 
compared with magnesium-deficient animals 
not receiving ACTH a t  35 days. Exogenous 
glucocorticoids stimulated some protein syn- 
theses in chronically magnesium-deficient an- 
imals. 
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