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A B S T R A C T Magnesium-deficient rats develop
significant hypercalcemia, hypophosphatemia, and
hyperphosphaturia. These changes suggest a state
of hyperparathyroidism. This study examines the
regulation of parathyroid gland activity in mag-
nesium-deficient rats. Magnesium deficiency was
induced in intact and chronically parathyroidec-
tomized animals by feeding them a diet free of
this cation. Control animals were pair fed and
treated identically except for the inclusion of mag-
nesium in their gavage solution.

Magnesium-deficient rats with intact parathy-
roid glands developed significant hypercalcemia
and hypophosphatemia. In addition, the concentra-
tion of ionic calcium il lslasa was significantly
elevated. In contrast, magnesium-deficient parathy-
roidectomized animals did not have a higher level
of calcium in plasma than their nondeficient con-
trols; they developed a decreased concentration of
ionic calcium in the absence of a difference in the
concentration of phosphate in plasma when com-
pared with appropriate controls. The increased
urinary excretion of phosphate was independent of
the parathyriod status of the animals.

It can be concluded that the hypercalcemia and
hypophosphatemia of magnesium deficiency de-
mands parathyroid gland activity and that the
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regulation of this activity is modified in the mag-
nesium-deficient state to permit the maintenance
of an elevated concentration of ionic calcium in
plasma. Additional explanations must be found for
the hyperphosphaturia.

INTRODUCTION

Rats rendered deficient by feeding them a diet
free of magnesium develop, in addition to hypo-
magnesemia, significant hypercalcemia, hypophos-
phatemia, and hyperphosphaturia (1-3). These
changes suggest a state of hyperparathyroidism.
In addition, there are several observations which
suggest an interrelationship between magnesium
homeostasis and parathyroid activity (4-10). This
study examines the role of the parathyroid gland
in magnesium-deficient rats in terms of (a) the
chemical changes alluded to and (b) the regulation
of ionic calcium in plasma. The results are con-
sistent with the hypothesis that the parathyroid
regulatory mechanisms involved in calcium homeo-
statis are altered in the magnesium-deficient state.

METHODS
Intact and parathyroidectomized Sprague-Dawley rats
of approximately 225 g weight were housed in individual
metabolic cages and subdivided into two subgroups each.
All the animals were pair fed with approximately 10 g
of a diet which was adequate in all nutritional aspects
except that it contained only trivial quantities of sodium,
potassium, chloride, phosphorus, and magnesium (Table
I). The animals were gavaged daily with 5 ml of a solu-
tion of composition described in Table II. The experi-
mental (magnesium-deficient) groups received a gavage
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solution prepared without magnesium. Control animals
were treated identically except for the inclusion of mag-
nesium in their gavage solution. Demineralized water
was allowed ad lib. The rats in the parathyroidectomized
group had been parathyroidectomized by cautery 1 month
before this study. The adequacy of parathyroidectomy
was ascertained by the demonstration of a calcium con-
centration in plasma of fasting rats of 3 mEq/liter (i.e.
6 mg/100 ml) or less 3-4 wk after the operative proce-
dure. Animals with higher concentrations of calcium in
plasma were discarded so that those used could be prop-
erly assumed to have had total or near total parathy-
roidectomy.

The period of study was 4 or 6 wk. During the last 5
days of the 4 wk experimental period, the rats were
placed in metabolic cages designed for the collection of
urine in mineral oil with the avoidance of fecal con-
tamination. At the end of the experimental period, food
was withdrawn from the animals. 12 hr later, the animals
were anesthetized with sodium pentobarbital (5 mg/100 g
of body weight) administered intraperitoneally and then
exsanguinated from the abdominal aorta. Weused 10 U
of heparin per ml of whole blood as anticoagulant after
demonstrating that it did not interfere with any subse-
quent chemical analysis. In some animals a separate ali-
quot was collected with potassium EDTA in order to
minimize the hydrolysis of phosphate esters and hence
obtain an accurate measurement of inorganic phosphate.

In some experiments, fat-free dry solids were prepared
from whole carcass by conventional technics (11, 12)
and were (a) digested with 0.75 N nitric acid for estima-
tion of the sodium, potassium, and chloride; (b) ashed at
550'C in platinum crucibles for 12-18 hr, then dissolved
in 0.24 N hydrochloric acid for determination of calcium
and magnesium; and (c) ashed, as in (b), for the esti-
mation of phosphorous after evaporating 2 ml of 0.25 of
magnesium acetate solution with 100 mg of fat-free dry
solids to prevent- the loss of phosphorous during the
ashing procedure.

Parathormone administration. To evaluate the effect
of increased amounts of parathormone on the partition of
calcium in plasma, we administered commercial parathy-
roid extract 1 (35 U/100 g of body weight per 24 hr) sub-
cutaneously at 8-hr intervals to intact rats on a normal
diet. Control animals received identical doses of normal

1 We are indebted to Dr. Glenn W. Irwin of the Eli
Lilly Company for the parathyroid extract.

TABLE I
Electrolyte Content of the Basal Diet

mmoles/100 g diet

Na 0.37
K 0.05
Cl 1.66
Ca 7.91
P 4.73
Mg 0.25

TABLE I I

Normal gavage, each 5 ml conltains:

Na
K
Cl
Mg
p

NaCl
NaH2PO4* H20
KCI
MgSO4 7 H20

in moles

1.25
2.00
2.50
0.70
0.75
g/liter

5.845
20.6997
29.8200
34.51

No Mggavage, prepare as above without MgSO4

saline. After 3 days of this regimen the animals were
sacrificed as previously described and their plasma was
examined.

The chemical methods were as follows: urea nitrogen
with the autoanalyzer utilizing the colorimetric reaction
of diacetyl monoxime (13); sodium and potassium with
conventional internal standard flame photometer; chlo-
ride with Cotlove (Buchler Instruments Inc., Fort Lee,
N. J.) chloridometer (14); calcium by a modification of
an automated method which eliminates the interference
of magnesium by the addition of 8-hydroxyquinoline
(15); magnesium by an automated spectrophotometric
method (16); phosphate by an automated modification
of a molybdenum blue method (17); plasma proteins by
biuret reaction (18); citrate by a pentabromacetone tech-
nique ( 19).

Protein-free plasma ultrafiltrates were prepared by
high speed centrifugation through LSG-60 membrane
filters of 5 g pore size. The ultrafiltration was performed
in nylon filtering capsules designed by the Schleicher &
Schuell Co. (Keene, N. H.), for use with the Sorvall
(Ivan Sorvall, Inc., Norwalk, Conn.) (Fig. 1). This
rotor permits eight individual specimens to be centri-
fuged simultaneously under a constant atmosphere. The
ultrafiltration procedure is performed in the following
maimer. The membrane filters, suspended in distilled
water for at least 24 hr before use, are blotted dry for
assembly in the filter support. A 2.5 ml plasma sample
from an individual rat is placed into the upper portion
of each capsule and gassed with a humid 5%o CO3-
nitrogen mixture. The lower portion of the filtration
capsule is flushed with this gas mixture before final
assembly of the capsule which is then inserted into the
rotor head. After thorough equilibration with the CO2
mixture, the rotor head is sealed and the plasma samples
are centrifuged at 370C and 15,000 rpm for 50 min. At
the end of this period, approximately 1.5 ml of protein-
free ultrafiltrate is removed from the lower portion of
the capsule for further analysis. In all experiments, con-
trol and experimental plasma samples were run simul-
taneously to randomize any variation in the centrifuga-
tion technique.
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FIGURE 1 Nylon ultrafiltration capsule for use in the Sorvall SS-34 rotor.
Not illustrated are the membrane filter and a thin stainless steel washer
which are inserted between the sintered stainless steel filter support and
the teflon 0 ring.

To evaluate whether the degree of ultrafiltration enm-
ployed in these studies altered the observed total or ionic
calcium content of the ultrafiltrate, we centrifuged
plasma samples for periods ranging from 20 to 55 min.
No systematic alteration in the calcium composition of
the ultrafiltrate was observed. Moreover, the concen-
tration of calcium in an ultrafiltrate prepared from
plasma was not altered when plasma was diluted by 30%
with a solution containing concentrations of calcium
identical with those observed in the ultrafiltrates of un-
diluted plasma samples. Accordingly, the Donnan equi-
librium was assumed to be constant with this technique
and the values obtained were not corrected for this factor.

The adequacy of the ultrafiltration procedure was fur-
ther verified by preparation of ultrafiltrates from plasma
samples of normal human volunteers. In 12 subjects a
percentage ultrafiltration of 50.7% was obtained for
calcium, which is in agreement with published values
found with alternative procedures (20).

The spectrophotometric method of Walser (21) was
modified to permit an automated determination of ionic
calcium. The manifold is diagrammed in Fig. 2. In this
procedure a 0.06 M sodium cyanide and 0.10 M sodium

chloride solutioni containing 0.3% B3rij-35 [polyoxyethyl-
ene (23) lauryl ether, Atlas Chemical Industries Inc.,
Wilmington, Del.] is initially added to the ultrafiltrate
to remove heavy metal interference and then mixed with
a solution containing a 0.15 M Tris (hydroxymethyl)
aminomethane solution and sufficient hydrochloric aci(l
(approximately 0.16 mole/liter) to achieve a physiologic
pH and ionic strength in the blank circuit. In these ex-
periments, the buffer was adjusted to yield a final pH of
7.45, since this was the experimentally determined pH1 of
nmagnesium-(leficient and control rat plasmas equilibrated
with the 5% C02 gas mixture. After measurement of the
blank absorbance, a 15 mg/1O0 nml murexide solution in
0.15 M Tris (hydroxymethyl) aminomethane buffer pH
7.45, ionic strength 0.16 u is added and the resultant ab-
sorbancy is measured at 480 /u. Since the blank optical
density is diluted by the further addition of the murexi(lc
reagent, the hlank absoraency is multipled by 0.9 before
its subtraction from the optical density of the calcium-
murexide solution. The ionic calcium value of the sample
is derived from the corrected optical density. Appropriate
amounts of calcium in 0.16 M sodium chloride were used
to standardized the procedure. To enhance the stability of
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FIGtRkF 2 Flow diagram for the determination of ionic calcium in plasma ultrafiltrates. Standard tygon
tubing is used except as noted. The constant volume device contains 0.16 M NaCl; otherwise the reagent
composition is specified in the text. Extra springs may be needed below the pump platen to provide ade-
quate pressure on the pump tubes. SMC, single mixing coil; PE, polyethylene.

the murexide-buffer solution, we extracted the buffer
with 0.1%o dithizone in chloroform, and removed the ex-
cess dithizone by two additional chloroform extractions.
The murexide solution was prepared shortly before use
utilizing gentle inversion to dissolve the murexide reagent.
After settling, the clear sul)ernatant was decanted into a
polyethylene container to free the solution of undissolved
material which adversely affects the stability of the solu-
tion. The complexed fraction of calcium was calculated by
subtracting the ionic calcium value from the total ultra-
filterable calcium. In all instances, the measured total

ultrafilterable calcium was greater than the measured
ionic calcium concentration.

The accuracy of this technique was verified in the fol-
lowing manner: (a) the pK dissociation for calcium ci-
trate measured in solutions of 0.16 M NaCl containing
2 and 4 mEq of calcium per liter and citrate concentra-
tions ranging from 0.25 to 2.0 mmwas 3.11 + 0.06, which
agrees with published dissociation constants for this
complex under physiologic conditions (22); (b) there
was the absence of significant interference with magne-
sium, copper, iron, and zinc; and (c) ionic calcium

TABLE III
Plasma Values after 4 Wkof the Experimental Regimen

Intact rats Parathyroidectomized rats

Magnesium Magnesium
Control (12) deficient (10) Control (6) deficient (11)

Mg, mEqiliter 1.78 i 0.05 0.76 4 0.05* 1.90 i 0.07 0.94 0.07*
Ca, mEq/liter 5.11 4- 0.03 5.32 0.03t 2.59 - 0.16 2.76 t 0.12
P, mg/100 ml 6.21 ± 0.18 5.12 4 0.28t 10.41 + 0.66 10.59 4 0.71
Urea N, mng/JOO ndl 19.0 i 1.0 23.0 ± 1.3§ 22.0 ± 1.3 33.0 ± 3.03
Na, mEq/liter 145.0 + 0.9 145.0 + 0.7 142.0 4 0.5 144.0 i 0.9
K, mEqiliter 4.06 4 0.06 4.16 i 0.12 4.06 + 0.09 4.00 A 0.10
Cl, mEq/liter 109.0 4 0.09 107.0 :1: 0.6 96.5 0.8 101.0 A 1.2
Total protein, g/100ftl 6.0 ± 01.0 5.7 ± 0.12 5.9 4 0.15 6.0 - 0.22

All values given as mean srEM. Numbers in parentheses indicate the number of animals.
* Significantly different from controls as P < 0.001.
t Significantly different from controls as P < 0.01.
§ Significantly different from controls as P < 0.02.
11 Significantly different from controls as P < 0.05.
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TABLE IV

Plasma Values after 6 Wk of the Experimental Regimen

Intact rats Parathyroidectomized rats

Magnesium Magnesium
Control (8) deficient (15) Control (12) deficient (12)

Mg++, mEqiliter
Total 1.73 ± 0.04 0.36 1 0.02* 1.46 0.04 0.41 4 0.04*

Ca++, mEqiliter
Total 5.08 4 0.05 5.52 0.04* 3.04 i 0.08 2.44 i 0.08*
Protein bound 2.08 4(0.04 2.08 4 0.03 1.49 i 0.04 1.14 4 0.04*
Ultrafilterable 3.00 i 0.01 3.44 1 0.03* 1.55 4 0.05 1.30 4 0.06*
Ionic 2.87 i 0.03 3.12 ± 0.02* 1.29 :1: 0.04 1.01 4 0.05*
Complexed 0.13 ± 0.02 0.31 41 0.03* 0.27 0.01 0.29 0.03

BUN, mg/1JO ml 16.0 :4: 1.0 25.0 14 1.5* 22.0 :1: 1.6 30.0 d 3.4

Total protein, g/100 ml 6.4 :1 0.1 5.5 ± 0.1* 7.2 4 0.1 6.6 :i 0.1

Citrate, mmoles/liter 0.21(7) :1: 0.004 0.32(12) 4t 0.012* 0.30(8) 4I 0.021 0.33(7) :1: 0.015

All values gives as mean
1

SEM. Numbers ini parentheses indicate the number of animals.
* Significantly different from controls at P < 0.001.

Significantly different from controls at P < 0.01.

concentrations in plasma ultrafiltrates prepared from 12
normal subjects were 2.42± 0-.093 mEq/liter which is
compatible with other reported measurements (20).
Since a variable decrease was observed in the values of
all fractions of the calcium partition after storage of
plasma or plasma ultrafiltrate, the entire analysis of the
calcium partition was completed on the same day the
samples were obtained.

RESULTS

The usual changes were noted in the magnesium-
deficient rats, i.e., peripheral vasodilatation and
neuromuscular irritability including convulsive
movements ( 1, 2). There was a difference between
intact and parathyroidectomized rats in that the
latter showed these changes in a delayed and at-
tenuated way. The rats with intact parathyroid
glands gained approximately 10% of their initial
weight whereas the magnesiumi-depleted parathy-
roidectomized rats lost about 8% of their initial
weight. The results of the plasma chemical analy-
ses at the end of 4 wk of the experimental regimen
are presented in Table III. The concentrations of
sodium, potassium, chloride, and total protein are
the same in all groups whereas there are significant
differences in the values of magnesium, calcium,
phosphate, and urea nitrogen. The concentration of
magnesium in lplasma in both control groups is
similar and both niagnesium-deficient groups dem-

onstrate a striking hypomagnesemia of similar
magnitude.

As for the calcium and phosphorus values, only
the magnesium-deficient rats with intact parathy-
roid glands have a significant hypercalcemia and
hypophosphatemia. The parathyroidectomized rats
demonstrate the expected low calcium and high
phosphorus levels of the parathyroidectomized
state. However, in contrast to the animals with in-

TABLE V
Effect of Parathyroid Extract on the

Partition of Plasma Ca

Parathyroid
Control extract-treated
rats (7) rats (7)

(35 U/100 g
per day)
X 3 days

Ca++, mEq/liter
Total 5.10±0.03 5.82 ±0.1 1*
Protein bound 2.14±40.04 2.36-+0.081
Ultrafilterable 2.96 =0.02 3.46 10.04*
Ionic 2.7840.03 3.1340.04*
Complexed 0.18±40.01 0.33 ±0.07

Mg++, mEqlliler 1.6940.04 1.5840.06
Total protein, g/100 ml 5.9 40.1 5.7 O.l

All values given as mean ± SEM. Numbers in parentheses indicate
the number of animals.

* Significantly different from controls at P < 0.001.
$ Significantly different from controls at P < 0.01.
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tact parathyroid glands, the magnesium-deiclent
parathyroidectomized animals do not have a sig-
nificantly higher level of calcium or a diminished
level of phosphorus when compared with their
appropriate controls.

The results of the plasma chemical analyses of
magnesium-deficient animals at the end of 6 wk
of the experimental regimen are tabulated in Table
IV. The chemical alterations observed in the mag-
nesium-deficient animals with intact parathyroid
glands are similar to those demonstrated after 4
wk of the experimental regimen. The most sig-
nificant feature of these observations is the increase
in the concentration of ionic calcium. This incre-
ment plus the higher concentration of complexed
calcium accounts for the increased concentration
of total calcium noted in the magnesium-deficient
group. The concentration of protein-bound calcium
in the experimental and control groups is identical.
This is presumably a consequence of the simulta-
neous elevation in the concentration of ionic cal-
cium and the diminution of total protein levels in
the magnesium-deficient group, since the calculated
value for the dissociation of calcium proteinate is
not significantly altered in the experimental group.
In contrast to these observations in the intact
animals, parathyroidectomized rats developed sig-
nificant hypocalcemia when coml)are(l to their non-
magnesium-deficient parathyroidectomized controls
after 6 wk of the experimental regimen. The most
significant feature of these observations is the
diminution in the ionic calcium fraction of the cal-
cium partition. In these animals the decrease in
protein-bound and ionic calcium fractions accounts
for the significant diminution in the concentration
of total calcium in plasma. The concentration of
citrate in plasma is of interest in both groups since
alterations in this parameter were associated with

changes in the concentration of complexed cal-
cium. This association constitutes an additional
validation of the technique utilize(l to partition the
plasma calcium.

The response of intact rats on a normal diet to
the administration of commercial parathyroid ex-
tract is tabulated in Table V. The experimental
animals developed significant hypercalcemia which
is manifest in the major fractions of the plasma
calcium. In this instance, the protein-bound cal-
cium value demonstrates a slight but nevertheless
significant elevation in the parathyroid extract-
treated group which would be anticipated from a
rise in ionic calcium without alteration to total
protein level. The calculated dissociation constants
for calcium proteinate were not significantly differ-
ent. It is of interest that the concentration of
magnesium in plasma was not significantly altered
by the administration of parathyroid extract.

In Table VI, the urinary findings at the enidl
of 4 wk of the experimental regimen are presented
as pooled 5-day values. Both intact and parathy-
roidectomized magniesitumi-deficient groups present
a similar pattern of urinary excretion: a very strik-
inig increase in the excretion of phosphate, a very
low excretion of magnesium, and a normal excre-
tion of calcium.

The composition of total carcass is presented in
Table VII with results expressed as mmoles/100 g
of fat-free dry solids. Both intact and parathyroid-
ectomized magnesiumi-deficienit groups present a
significant and similar decrease in the magnesium
content of about 20%. Calcium content is signiif-
icantly increased only inl the magniesitni-(leficient
rats with intact parathyroid glanids. Both the intact
and parathyroidectomized magnesium-deficient rats
show an increased content of phosphorus. Sodium
is increased independently of the parathyroid status

TABLE VI

Urinary Excretion after 4 Wk of the Experimental Regimen

Intact rats Parathyroidectomized rats

Magnesium (10) Magnesium (6)
Control (12) deficient Control (7) deficient

Mg, mEq/5 days 1.91 ± 0.22 0.49 i 0.06* 1.07 ± 0.15 0.10 i 0.03*
Ca, mEq/5 days 1.12 4 0.20 1.00 ± 0.15 0.56 i 0.10 0.48 ± 0.03
P, mg/5 days 52.5 i 5.1 90.9 ± 8.7* 26.5 i 3.9 74.5 i 8.5*
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All values given as mean 4- SEM. Numbers in parentheses indicate the number of animals.
* Significantly different from controls at P < 0.001.
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TABLE VII
Total Carcass Analysis after 4 Wk of the Experimiental Regimen

Intact rats l'a.rat llyrloi(lc(c(ctoIIIize( rats

Magnesium (10) Magnesium (7)
Control (12) deficient Con1trol (6) deficient

mmoles/100 g fat-free dry solids

Mg 7.8 4 0.15 6.5 4± 0.16* 8.7 ± 0.23 7.5 ± 0.14*
Ca 130.0 ± 1.6 140.0 ± 1.4* 130.0 i 2.9 140.0 ± 3.3
P 95.0 ± 1.8 100.0 i 0.8* 97.0 ± 3.0 104.0 i 1.5t
Na 19.5 =1= 0.21 20.8 + 0.17* 21.3 ± 0.37 22.7 41 0.39t
K 27.7 i 0.38 26.5 i 0.26 27.0 i 0.36 26.1 i 0.36t
Cl 10.8 ±0.16 11.0 +0.16 10.0 0.14 9.8 0.17

Total water, g/100 g 248.0 i 0.9 246.0 ± 1.6 249.0 i 0.8 237.0 i 3.6t
fat-free dry solids

All values given as mean
±

SEM. Numbers in parentheses indicate the niuber of animalls.
* Statistically significant at P < 0.01.

Statistically significant at P < 0.05.

of the magnesium-deficient animals, whereas po-
tassium content is diminished. The changes in
chloride content are not significant.

DISCUSSION

The hypercalcemia observed in experimental
magnesium deficiency has not been satisfactorily
explained. Its common observation has stimulated
speculation concerning the relationship between
the metabolism and homeostasis of the two main
divalent cations, calcium and magnesium. Thus,
MacIntyre and Davidson (1) have ascribed the
hypercalcemia to an increased positive balance
owing to a diminished urinary and fecal excretion
of calcium. This, in turn, is suggested to be a
consequence of a common transport mechanism for
these ions by both the gut and renal tubular cells.
Hence, when the available magnesium is limited,
calcium competes more favorably for transport
and more is absorbed by the gastrointestinal tract
and the renal tubules (1). Richardson and Welt
(23) on the other hand have demonstrated that a
difference in the positive balance of calcium is not
a necessary condition for the hypercalcemia of
magnesium deficiency. Alternatively, an increase
in the activity of the parathyroid gland has been
suggested (3, 24).

The present study indicates that intact para-
thyroid glands are essential for the augmented con-
centration of calcium and dlel)ressed concentration
of phosphorus in plasma in magnesium deficiency,

since miagnesium-deficient parathyroidectomized
animals fail to develol) these alterations when
compared with their nioni-milagnlesiumit--deficienit
parathyroidectomized controls. More significantly,
when the duration of magnesium (leficiency is ex-
tended to 6 wk, the p)arathyroi(lectomized animials
have a concentration of calcium in plasma that
is, in fact, lower than that of their -appropriate
controls.

The partition of l)lasma calcitim l)rovi(les a
pathophysiologic exl)lanation for these ol)serva-
tions. Magnesiumn-(leficient, p)arathyroi(lectomized
animals developed a significantly lower concentra-
tion of ionic calcium in l)lasIlla in comparison
to their magnesitum-replete, p)arathyroi(lectomize(d
controls. Although the specific mechanisms in-
volved in this alteration were not delineated, the
additional observation that the coml)lexe(l calcium
fraction was maintained in the presence of a lower
concentration of ionic calcium suggests that one
factor in this response was a shift of calcium in
plasma to chelation sites formerly occupied by
magnesium. In the animal with intact parathyroid
glands, this decrease in ionic calcium would serve
to stimulate the parathyroid gland and the concen-
tration of ioiiic calcium would be restored to nor-
mal. However, this mechanism could not explain
the significant increase in the concentration of ionic
calcium which was (lemollstrate(l inl magnesium-
deficient rats with intact parathyroid glands and
which could be simulated by the exogenous a(lminn-
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istration of parthyroid extract. Since the pres-
ence of intact parathyroid glands is essential for
this response, it must be concluded that some con-
sequence of magnesium deficiency is capable of
modifying the regulatory processes within the
parathyroid gland that are involved in maintaining
a normal concentration of ionic calcium in plasma.
This does not necessarily imply that there need
b)e an enhanced secretion of parathormone in this
circumstance; however, the probability that this
may, in fact, occur can be inferred from the ob-
served diminution in the concentration of ionic cal-
cium in magnesium-deficient, parathyroidectomized
animals.

The modification in parathyroid function demon-
strated in this study might be related to the low
concentration of magnesium in plasma, or to some
other consequence of the total body magnesium
deficit. One cannot discriminate between these two
possibilities from these data alone. Gitelman, Ku-
kolj, and Welt (25) have presented data that must
be interpreted to imply that parathormone activity
is suppressed by hypermagnesemia. Moreover, hy-
permagnesemic perfusion of the parathyroid gland
in cattle has been observed to diminish the secre-
tion of parathormone (26). These observations are
compatible with the possibility that the concentra-
tion of magnesium in plasma per se may influence
the functional activity of the parathyroid gland
and, in turn, suggest that the modification in para-
thyroid gland function demonstrated in this study
is related to the depressed plasma concentration of
magnesium.

There have been several attempts to relate
magnesium metabolism to parathyroid hormone
activity, mainly because of the numerous similar-
ities in the chemical and biological behavior of the
two divalent cations, calcium and magnesium.
There are some reports that the administration of
high doses of parathyroid hormone produces in
animials a decrease in turinary excretion (4, 5) and
an increase in the plasma levels of magnesium
(3, 6. 7) and that 1)arathyroi(lectomy produces an
early decrease in plasma magnesium which later
returns to normal values (6, 8-10). These changes,
nevertheless, are not as reproducil)le, marked, or
persistent as the effects upon calcium metabolism
produced by the same measures. Thus, it is ap-
larent that there mlay wvell b)e a relationship be-
tween the parathyroid gland and magnesium

metabolism, but that this relationship is different,
at least in intensity, from the direct way in which
calcium and parathyroid hormone are related.

In magnesium-deficient rats marked hyper-
phosplhaturia is a constant feature which appears
soon after magnesium is restricted in the food (1-
3, 27). Although this is consistent with a state
of hyperparathyroidism, its appearance cannot be
entirely ascribed to increased parathyroid activity
since it is present to a comparable degree in all the
magnesium-deficient rats of this study and is not
related to the presence or absence of the para-
thyroid gland (3, 27). Parathyroid overactivity
may play a role in this hyperphosphaturia, but is
obviously not an essential feature.

There is nephrocalcinosis in the kidneys of mag-
nesium-deficient animals which is confined to the
broad ascending limb of the loop of Henle (2, 28).
There may well be other functional lesions unas-
sociated with detectable structural alterations that
may be responsible for the hyperphosphaturia. This
possibility is strengthened by the fact that this in-
creased excretion of phosphate occurs in the face
of a presumed decrease in glomerular filtration rate
(as deduced from increased levels of urea nitro-
gen) and hypophosphatemia. This combination im-
plies a diminished filtered load of phosphate and
hence an increased phosphaturia must be inter-
preted to mean a reduction in the tubular reabsorp-
tion of phosphate (or conceivably an increase in
phosphate secretion) in magnesium-deficient rats
which is independent of parathyroid gland activity.
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