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In a previous paper (1) we reported the results
of determinations of total magnesium and ultra-
filtrable magnesium in the serum of patients with
hyperthyroidism. These findings were contrasted
with those obtained in normal individuals, pa-
tients with autonomic imbalance, and patients with
various types of muscular dystrophy. It was
demonstrated that in normal individuals the per-
centage of the total serum magnesium which is
non-diffusible did not exceed 22.1 per cent, with
an average of 14.5 per cent, although Watchorn
and McCance (2) report that, normally, approxi-
mately 25 per cent of the total serum magnesium
is bound. The results obtained in patients with
autonomic imbalance and various muscular dys-
trophies fell quite well within the normal range.
In contrast to these groups, the patients with
hyperthyroidism showed a very marked increase
in the percentage of bound magnesium which
varied from 21.5 to 61.6 per cent, with an average
of 36.0 per cent. It was further pointed out that,
after adequate treatment with iodine, there oc-
curred a drop in the percentage of the non-
diffusible magnesium fraction, which finally
reached normal levels after subtotal thyroidectomy.
No correlation was found between the individual
basal metabolic rates and the percentage of bound
magnesium. This is perhaps due to the fact that
the metabolic rate was determined very shortly
after admission to the hospital ward and hence
may not represent the true basal rate. The in-
crease in the percentage of non-diffusible mag-
nesium in Graves' disease occurred entirely at the
expense of the diffusible fraction, since the total
serum magnesium in the patients with hyper-
thyroidism was approximately the same as that
of the normal controls.

In the present paper we are reporting further
results of studies of magnesium partition in pa-
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tients with hyperthyroidism, as well as in indi-
viduals with myxedema. We are also including
experimental data on totally thyroidectomized
dogs.

METHOD

The total serum magnesium was determined by the
method -of Briggs (3). The serum proteins were pre-
cipitated with trichloracetic acid. It was found that
little, if any, magnesium was carried down with the
protein flocculum. To 10 cc. of protein-free filtrate were
added 1 cc. of 20 per cent sodium acetate, 6 to 8 drops
of 0.016 per cent bromcresol green, and 1 cc. of 4 per
cent ammonium oxalate. The pH of the solution was
adjusted to 5.0 by addition of ammonium hydroxide.
The mixture was allowed to stand overnight, and the pre-
cipitated calcium oxalate was then separated by centrifu-
gation. To the decanted supernatant fluid and washings
were added 1 cc. of a 2 per cent potassium dihydrogen
phosphate, and 1 cc. of concentrated ammonia solution.
After the mixture had again been allowed to stand over-
night, the precipitate was separated by centrifugation and
washed with a solution containing 200 cc. of 95 per cent
alcohol and 50 cc. of concentrated ammonia solution per
liter. The precipitated magnesium ammonium phosphate
was dried and determined according to the method of
Kuttner and Lichtenstein (4) by comparison of the color
developed on addition of 7.5 per cent sodium molybdate
and 0.2 per cent stannous chloride with that of a standard
phosphate stock solution.

For the determination of diffusible magnesium, serum
was ultrafiltered through a "600" cellophane membrane
under a pressure of 80 pounds of nitrogen per square
inch. The magnesium content of the ultrafiltrate was
determined as described above, except that the protein
precipitate with trichloracetic acid was omitted.

RESULTS

In Table I are presented the data obtained on
50 patients with well-defined hyperthyroidism. In
each instance, the diagnosis was confirmed by mi-
croscopic study of the excised gland. Of this
group of 50 patients, the percentage of bound
serum magnesium fell within the normal range
level in 6, while it varied between 20 and 25 per
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TABLE I

Distribution of magnesium in cases of hyperthyroidism and
relation to average basal metabolic rate

Percentage of bound Number of Average basal
magnesium (Serum) patients metabolic rate

per cent
20 or less 6 +36
20to25 9 +43
25 to30 7 +49
30 to 40 18 +44
40 and over 10 +45

cent in an additional 9 instances. These latter
results were classified as borderline. In the re-

maining 35 patients the percentage of non-dif-
fusible magnesium was considerably above the
normal level.

We attempted to correlate the durati'on and
severity of the illness with the percentage of
bound magnesium. For this purpose the data
(Table II) were classified according to three time
intervals: (a) 0 to 3 months, (b) 3 to 24 months,
and (c) more than 24 months. In general, we

find no statistically significant difference in mag-

nesium distribution between classes (a) and (b).
However, a comparison of (b) and (c) reveals

TABLE II

Relationship of percentage of bound magnesium* to duration
of symptoms and to severity of disease

Number of Patients

Percentage Total Duration of Severity of
of nubr symptoms smtm

bound months

magnesium of

(Serum) patients

0-3 3-24 24 or Moderate

(a) S(b2) (more Mild and
(C) severe

Less than
25 per cent 15 4 5 6 11 4

More than
25 per cent 35 7 24 4 4 31

* In order to establish the validity of the correlation
inferred from Table II, the data were subjected to con-
tingency analysis. From the data for "low" (less than
3 months) and "average" (3 to 24 months) duration of
Graves' disease associated with " normal" (0 to 25 per cent)
and "abnormal" (greater than 25 per cent) values for
per cent of bound magnesium, Pearson's coefficient of
mean square contingency (C) 0.2 and x2 - 1.67, which

yields a value of P slightly less than 0.20.. This value of
P is so large as to afford no evidence of correlation. From
the analagous data for "average" and "high" (more than
24 months) duration, C = 0.38, x2 = 6.71, and P = 0.01.
In this case, the evidence for correlation is significantly
better, the odds being more than 99 to 1 in its favor.
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that the percentage of bound serum magnesium
tends to be significantly lower in patients with
symptoms of more than 2 years' duration than in
the other group (see footnote to Table II). Simi-
larly, an increase in the non-diffusible magnesium
is associated with an increase in the severity of the
disease-a relation which is directly apparent from
the data.

After treatment with iodine there occurs a dis-
tinct drop in the percentage of bound serum mag-
nesium, which is lowered further after operation
(Table III). In several instances, the non-ultra-
filtrable magnesium level in the blood fell to 0.0
per cent. In these instances, the postoperative
basal metabolic rate fell to myxedematous levels.

TABLE III

Effect of treatment with iodine and operation on the percentage
of bound magnesium

Average percentage of bound magnesium (serum)
Number

Of
cases Control After iodine After

treatment operation

25* 30.6 18.9
21t 30.9 14.3
15 29.5 18.1 14.5

* In 3 patients there was no appreciable drop in the
percentage of bound magnesium after iodine treatment.

t In 3 patients there was no appreciable drop in the
percentage of bound magnesium after operation.

In Table IV are presented the data obtained on
patients with myxedema. In the 7 instances re-
ported, the percentage of bound serum magnesium
was markedly below the normal level, a finding
which is the direct antithesis of that observed in
Graves' disease. In 3 of the 7 patients, studies
were subsequently made after adequate treatment
with thyroid extract. In 2 of the 3 instances there
occurred an increase in the percentage of bound
serum magnesium which approximated the nor-
mal values.

Weattempted to duplicate these results experi-
mentally. For this purpose total thyroidectomies
were performed on 4 dogs. Serum magnesium
partition studies were conducted before, and re-
peatedly after the operation. In each instance,
within 17 days to 5 weeks after operation there
occurred a profound drop in the percentage of
bound magnesium. In dog 181 the bound magne-
sium could be raised to normal levels by the ad-
ministration of thyroxin. When the therapy was
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TABLE IV

Serum magnesium studies in patients with myxedema

Basal Ttal Ultra- Percentage of
Name metabolic Tt filtmable magnesium

rate magnesium magnesium bound

| mgn. per cent mgm. per cent

BEFORETREATMENTWITH THYROID EXTRACT

E. A. -30 2.64 2.73* 0
N. -30 1.62 1.60 0
A. C. -33 2.16 2.17 0
R. B. -32 2.43 2.29 5.7
F. -30 2.32 2.79* 0
G. G. -33 2.43 2.36 2.8
G. B. -22 2.60 2.61 0

AFTER TREATMENTWITH THYROID EXTRACT

E. A. +2 2.31 2.02 12.5
N. +7 1.66 1.49 10.2
R. B. +7 2.35 2.19 5.2

* These values fall below the zero level because of certain
technical artefacts which, when corrected, bring the results
to the zero level.

discontinued, the non-diffusible magnesium re-
turned to the previous low postoperative level.
These changes in bound magnesium could be in-
duced at will by the administration and withdrawal
of thyroxin in totally thyroidectomized animals
(Table V).

DISCUSSION

In a large percentage of patients with Graves'
disease there occurs a marked increase in the
percentage of bound serum magnesium. In pa-
tients with well-defined hyperthyroidism in whom
the non-diffusible magnesium was normal, cer-
tain factors operated which contributed to the
normal levels obtained. Many patients with
Graves' disease were treated extensively prior to
admission to the hospital. Thus, of our group of
15 patients whose bound magnesium was normal
or borderline, most had received some medication
prior to admission to the hospital ward. It is, of
course, difficult to determine the nature of such
medication, but it is not inconceivable that iodine,
iodides, or iodized salt was part of the therapy
employed. Since the use of iodine tends to lower
the percentage of bound magnesium, this may have
played a part in those instances in which normal
values were obtained. It is interesting that pa-
tients with unduly prolonged Graves' disease tend

to yield normal magnesium partition studies. The
reasons for this are at present obscure, but it
appears that these changes are mediated through
the thyroid and occur only after certain altera-
tions in thyroid function have occurred. This is
further supported by the fact that, after thy-
roidectomy in patients with Graves' disease, the
magnesium partition tends to return to a normal
pattern. Similarly, in patients with myxedema, or

TABLE V

Data on totally thyroidectomized dogs

Total Per-
srum centage

Dae magne- magne- Remarks
'sium sium

bound
mgm.

Dog (181)
March 22, 1940

April 8.......
April 23.......

May 10.......
May 21..

June 4..
June 17..
July 2.......
July 13.......
September 10..

September 23 ..
October 11..
October 21..

Dog (277)
May 13..

May 21.
June 17.
July 2.......
July 13.......

Dog (288)
June 3...

June 20..
June 27......
July 11..
July 13...

Dog (292)

June 21..
July 3.
July 8..
July 13.

mgm.
per cena

2.04

2.14
2.16

2.37
2.15

2.08
2.11
2.11
2.07
3.51

2.25
2.37
2.34

2.71

2.28
2.32
2.22
2.56

2.32

2.34
1.78
1.93
2.02

2.07
1.94
2.20
3.26

4.9

3.7
2.7

15.6
23.2

25.4
21.8

5.2
0.0

26.8

0.0
0.0

28.2

25.4

20.5
27.5

5.8
41.0*

21.5

34.1
35.4

0.0
0.0

23.3
5.6
0.0

34.3*

April 1, thyroidectomy

May 1. thyroxin 2 mgm.
daily intramuscularly be-
gun

May 21, thyroxin stopped

Dog seriously ill, almost
moribund

Septetber 10, thyroxin 2
mgm. daily begun

May 14, thyroidectomy

Died

June 6, thyroidectomy

June 20, thyroidectomy

Died

* These determinations were performed on blood drawn
a few minutes before the death of the animals, when there
apparently occurs a spontaneous preagonal increase in the
percentage of bound magnesium.
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in the totally thyroidectomized dog, the non-dif-
fusible serum magnesium can be altered by the
administration or withdrawal of thyroid extract.
Here, too, a considerable period of time must
elapse after administration or cessation of therapy
before shift in the ionizable-non-ionizable mag-
nesium ratio occurs. Such magnesium changes do
not occur when thyroid extract is administered to
dogs with intact thyroids or to normal individuals.

SUMMARY

1. Serum magnesium partition studies were con-
ducted on 50 patients with proven Graves' disease.

2. In 6 of these patients the percentage of bound
serum magnesium fell within the normal range
level, that is 20 per cent or less. In 9 additional
patients the results were borderline, that is the
percentage of bound magnesium varied between 20
and 25 per cent. In 35, there was a definite in-
crease in the non-diffusible magnesium. The
bound fraction in these patients varied between
25 and 61.6 per cent of the total serum magnesium.

3. There is no definite correlation between the
percentage of bound serum magnesium and the
basal metabolic rate.

4. There is a definite relationship between the
duration of the illness and the magnesium parti-
tion. Thus, in patients with symptoms of Graves'
disease of more than 2 years, the non-diffusible
fraction frequently tends to approximate normal
levels.

5. After adequate treatment with iodine there
occurs a marked drop in the percentage of bound
serum magnesium, which is further lowered after
subtotal thyroidectomy.

6. In patients with myxedema, as well as in
totally thyroidectomized dogs, the non-diffusible
serum magnesium fraction is extremely low and
frequently is 0 per cent. This is the direct anti-
thesis of the results obtained in Graves' disease.

7. After administration of thyroid extract or
thyroxin to the myxedematous patients, and to the
thyroidectomized dogs, the percentage of bound
serum magnesium returns to approximately nor-
mal levels.

8. The increase or decrease of the percentage
of bound magnesium occurs at the expense of the
ionizable fraction, since the total serum magnesium
remains unaltered.
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