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EFFECTS OF ESTROGEN ON TISSUE MAGNESIUM CONTENT
POSSIBLE INFLUENCE ON CARDIOVASCULAR

AND BONE DISEASE

INTRODUCTION.

The greater resistance of female laboratory ani-
mals than males, and of young women than men to
cardiomyopathic drugs or disease, respectively, calls
attention to the possibility that female sex hormones
may be cardioprotective. However, the lowering of
plasma magnesium in women and animals on oral
contraceptives would appear, at first glance, to in-
crease the risk of cardiovascular disease, both be-
cause decreased plasma magnesium has been corre-
lated with increased risk of intravascular coagula-
bility, and because magnesium has been established
as a cardioprotective agent. Further analysis of the
finding with the oral contraceptives, of the effects
of estrogens, and of the sex difference in magnesium
retention and tissue levels, points to the likelihood
that the cardioprotective effect of estrogens may be
mediated by their enhancement of tissue retention of
magnesium.

CARDIOPROTECTIVE EFFECT OF ESTROGENS.

It is well known that pre-menopausal women are
at much less risk of cardiac disease than are men,
but that in the years following the menopause their
susceptibility to cardiac disease increases steadily
until, during old age, there is little or no sex diffe-
rence in incidence of cardiovascular disease (1, 7, 84)
(Table I). This presumptive evidence of the cardio-
protective effects of female sex hormones is sup-
ported by several laboratory findings. Female dogs
and rabbits have been shown to be more resistant
than males to digitalis-induced arrhythmias (27, 71).
GRINNELL and SMITH (27) have shown that castrated
females are as susceptible to digitalis toxicity as
males, and that estrogen replacement (2 mg/day)
markedly improves their resistance to arrhythmias,
but not to the extent seen in estrus (Table II). Preg-
nant dogs are more resistant than non-pregnant
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TABLE |
SEX AND AGE DIFFERENCES IN MORTALITY RATES
FROM ARTERIOSCLEROTIC HEART DISEASE
(PER 100,000 WHITE POPULATION)

SEX

MEN WOMEN DIFFERENCE

MEN/WOMEN
25-29 4.3 1.0 4.3:1
30-34 15.8 2.7 5.9:1
35-39 50.1 6.5 Tl
40-44 124.2 19.4 6.4:1
45-49 254.9 40.8 6.2:1
50-54 462.6 85.6 5.4:1
55-59 719.0 183.6 3.9:1
60-64 1,119.1 384.4 2,9:1
65-69 1,622.0 687.5 2.4:1
70-74 2,291.1 1,211.0 1.9:1
75-79 3,243.2 2,053.9 1.5:1
80-84 4,802.5 3,508.1 1.3:1
85-> 7,248.7 6,233.7 1.2:1

(Adapted from J.S.Stamler in Atherosclerosis and its Origins,
Academic Press, 1963)

TABLE 1l

SEX DIFFERENCE
ESTROGEN EFFECT ON DIGOXIN TOXICITY IN DOGS

ARRHY THMIA
(AV. MINUTES FATE
TO ONSET
"1 SURVIVED ON TREATMENT
7 MALES 13.6 FIBRILLATION (7)+ 1 TERMINATED
5 DIED
14 FEMALES 14.3 FIBRILLA TION AND DEATH IN ALL
(CASTRATE)
13 FEMALES 31.7 ALL SURVIVED
(CASTRATE
ESTROGEN)
4 FEMALES .26.0 ALL SURVIVED
(ANESTRUS)
3 FEMALES 71.6 ALL SURVIVED
{ESTRUS)

(Adapted from E.H.Grinnel and P.W.Smith, Proc.Soc.Exp. Blol. Med., 94: 524-527, 1957
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females to necrotizing arteritis produced by a high
fat diet and renal insufficiency (HoLMAN and JONES)
(32). Female rats are more resistant than males to
isoproterenol-myocardial necrosis, an effect that RoNa
et al. (72, 73), attributed to the slower rate of growth
of the females. Advanced pregnancy in rats has been
shown to protect against: (1) dihydrotachysterol-in-
duced arteriosclerosis (SeELYE) (80); (2) the cardio-
vascular necrosis and calcification of vitamin D ex-
cess (PoTvLIEGE) (67); (3) phosphate + corticosteroid-
induced cardiomyopathy (SeLYE) (81); and (4) hyper-
parathyroid myocardial necrosis (LEHR et al.) (40, 43,
47-52). The cardioprotective effect of late pregnancy
against high doses of parathyroid hormone was shown
by LEnr and KRUKOWSKI (44, 47) to be effected by an
ovarian factor, which was more likely to be estrogen
than progesterone. Additional evidence of estrogen's
cardioprotective influence has been provided by
SELYE et al. (82, 83) who have shown that 10 mg/kg/
day of estrogen (ethylestrenol) was almost fully pro-
tective against steroid + PO,, and digitalis-induced
cardiomyopathies (82). In the dihydrotachysterol mo-
del (83) 2 mg/kg/day was almost fullv protective.
RoNA et al. (73) however, were unable to protect
against isoproterenol-cardiotoxicity with estrogen
(Tables III, IV).

TABLE 1l

PROTECTION AGAINST CARDIOVASCULAR LESIONS
BY ADVANCED PREGNANCY

LESION PRODUCED BY INVESTIGATOR
DOGS | NECROTIZING ARTERITIS HIGH FAT INTAKE HOLMAN &
. JONES (1953)
RENAL INSUFFICIENCY
RATS | ARTERIOSCLEROSIS DIHYDROTACHY STEROL SELYE (1958)
RATS | CARDIOVASCULAR NECROSIS | VITAMIN D EXCESS POTVLIEGE
AND CALCIFICATION 1962)
RATS | MYOCARDIAL NECROSIS P04 ~ CORTICOSTEROID | SELYE (1957)
RATS | MYOCARDIAL NECROSIS PARATHYROID EXCESS LEHR &
KRUKOWSKI
(1961, 1962)

How estrogen exerts its effect on the heart is
uncertain. That there is a marked increase of cardiac
output during pregnancy, that returns to previous

non-pregnant levels, was demonstrated in 1915 by
LINDHARD (56) and verified by other investigators since
then (2, 5, 10, 28, 66), an effect which has also been
demonstrated in women on estrogen + progesterone
oral contraceptives (87). UEeLAND and PARER (85) have
demonstrated that infusion of estrogens into sheep
mimics the cardiovascular effects of pregnancy, and
commented that estrogen seem to have a direct car-
diac glycosidic effect, increasing the force of con-
traction of cardiac muscle. WALTERs and LiM (87)
have considered the direct effect of estrogen on the
actomyosin- ATP and contractile mechanism of the
myocardium (Csapo (11); KinG et al. (54)) as possibly
explanatory.

ESTROGEN EFFECT ON MAGNESIUM LEVELS.

The possibility that the cardioprotective effect of
estrogen may be mediated through an increased
tissue retention of magnesium should also be consi-
dered (Table V). Metabolic balance studies have
shown that young women on a marginal magnesium
intake tend to be less susceptible than men to loss
of magnesium (SEeLIG (79) ; DURLACH et al. (4, 17, 20).
Since plasma Mg tends to be lower in young women,
particularly when they are on oral contraceptives
(15, 19, 23-25), than it is in men (13, 24, 74), one must
examine other tissues for differences in Mg content.

Estrogen has been shown to increase the myomet-
rial content of castrated animals (BEST and PICKLES
(8); Csapo (11); Waraas (86). Higher non-target tis-
sue levels have been seen after estrogen administra-
tion, and better retention of magnesium has been
found in females than in males. WHITFIELD and Tip-
BALL (89) have found that estrogen (1 mg estradiol/
day), given to ovariectomized rats on a Mg-deficient
diet, protected against development of the deficiency
syndrome and against loss of skeletal muscle Mg and
as compared with castrated Mg-deficient rats not on
hormonal replacement therapv. WATCHORN and
McCance (88) found that serum Mg levels of male
Mg-deficient rats fell to lower levels than did those
of females, and that their general condition was
generally poorer. Avrcock and MACINTYRE (3) found

TABLE IV
PROTECTION AGAINST CARDIOVASCULAR LESIONS
BY ESTROGEN
ABNORMALITY |  ESTROGEN® |
PRODUCED BY I PROTECTION | 'NVESTIGATOR
1
DOGS ARRHY THMIA DIGOXIN ‘ 2 mg/day GRINNELL &
SMITH (1957)
RATS ‘ CARDIOMYOPATHY i SELYE (1970)

POg - CORTICOSTEROID | o |

DIGITALIS

mg/day
|

RATS | CARDIOMYOPATHY

T
DIMYDROTACHYSTEROL | 2 mo/day

! SELYE (19700

RATS | CARDIOMYOPATHY
|

ISOPROTERENOL
(B0 mg kg)

No Protection ' RONA et al (1963)

*Magnesium administration also protects
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TABLE V
ESTROGEN EFFECTS ON MAGNESIUM LEVELS

METABOLIC BALANCE: YOUNG WOMEN RETAIN MORE MAGNESIUM
ON MARGINAL INTAKE (THAN MEN)

SEELIG (1964)
DURLACH et al
(1969,1970)

PLASMA MAGNESIUM: LOWER IN WOMEN ON ORAL CONTRACEPTIVES; GOLDSMITH et al

RELATIONSHIP TO MENSTRUAL CYCLE

(1963,1966,1970)
DURLACH (1970)
DeJORGE et al (1967)

MYOMETRIAL MAGNE SIUM: HIGHER FOLLOWING ESTROGEN TREAT-
T MENT OF CASTRATED ANIMALS

BEST, PICKLES
(1965)
CSAPO (1956)

SKELETAL MUSCLE MAGNESIUM: HIGHER FOLLOWING ESTROGEN
ATMENT OF CASTRATED ANIMALS
ON MAGNESIUM DEFICIENT DIET

WHITFIELD &
TIDBALL (1968)

BONE MAGNESIUM: HIGHER ON ORAL CONTRACEPTIVES

(IN RATS)

GOLDSMITH &
BAUMBERGER (1967)

that young male rats on an ample dietary intake of
magnesium retained more magnesium than did young
females ; on a deficient diet, they lost more magne-
sium daily (Table VI). The somewhat greater sus-
ceptibility of male than female Mg-deficient rats to
develop elevated plasma cholesterol (36), and the
significantly higher liver Mg levels of healthy young
female than male rats (35) show a trend in the same
direction, as do the elevated bone Mg levels of rats
on estrogen/progesterone (24).

The decrease in plasma magnesium levels of women
on estrogen/progesterone contraceptives, reported in
detail by GoLbsMITH et al. (23-26), and confirmed by
others (de JorGe (15); DuRLACH (19), has been corre-
lated with the cyclic increase in endogenous estrogen
secretion (13, 23, 26, 64). This drop in blood Mg has
created concern lest this contribute to increased risk
of thrombo-embolic phenomena (19, 23, 25, 57). Dur-
LAcH (18, 19), who verified the increased platelet aggre-
gation caused by estrogen-induced depression of
plasma Mg, emphasized the importance of adminis-
tering magnesium to patients on estrogen therapy,
whether as contraceptives, or for treatment of pro-
static carcinoma or osteoporosis.

TABLE VI

SEX DIFFERENCE IN MAGNESIUM BALANCE OF RATS
ON ADEQUATE AND DEFICIENT MAGNESIUM INTAKES

MAGNESIUM EXCRETED
MAGNESIUM (m DALY
e Eos Nl MAGNESIUM
tm Eq/Day) FECAL URINARY ;"E':foﬁf,
MALES a 31.628.1 | 5.2:1.2 -32
FEMALES 4 23.0:2.3 | 2.0:0.2 -20
MALE 272 127.0:10.2 | 71.9 +4.0 +73
FEMALE 272 139.0:7.6 | 94.3+5.3 +39

Adapted from Alcock and Macintyre, Clin.Sci. 22:185-193, 1962

ESTROGEN/PARATHORMONE : INFLUENCE ON
BONE, HEART, AND MAGNESIUM RETENTION.

The use of estrogen in the treatment or prevention
of osteoporosis (14, 61, 65, 90), which increases in fre-
quency after the menopause (14, 33, 60, 61, 63, 65), as
does the incidence of the bone-wasting form of hyper-
parathyroidism (59, 63), suggests an interrelationship
of parathyroid hormone and estrogen. NORDIN et al.
(33, 65,90) having observed that the bone loss of
aging begins between 46 and 55 vears of age in
women, and is far more frequent thereafter than in
men, have suggested that estrogens inhibit the bone-
resorbing action of parathormone (33). Direct evi-
dence of estrogen/parathormone antagonism on bone
accretion and resorption of calcium has been provi-
ded by RaANNEY (69). Magnesium bone levels are also
affected in opposite directions. MARTINDALE and HEa-
TON (58) have shown that parathyroid hormone increa-
ses the rate of magnesium loss from bone in vitro;
GoLpsMITH and BAUMBERGER (24) have shown that
female sex hormones raise bone levels of Mg in rats.
The fact that estrogen lowers plasma Mg mayv shed
some light on the higher incidence of bone wasting
disease when the endogenous secretion of estrogen
decreases. Hypomagnesemia has been clearly demons-
trated, by BUCKLE et al. (9), to stimulate parathyroid
secretion, even when calcium levels are kept cons-
tant. The effect of parathyroid secretion is to mobi-
lize, not only calcium, but magnesium from bone
(16, 22, 29). It is plausible that the estrogen-lowered
plasma Mg may stimulate parathvroid secretion. If
that stimulation causes parathyroid hyperplasia, as
LARvOR et al. (41) have shown hyvpomagnesemia to do
in calves, when the ovaries cease functioning the
hyvperplastic parathyroids mayv continue to mobilize
the bone minerals excessivelv, without counteraction
bv estrogen.

The role of parathyvroid hormone in soft tissue
transport and homeostasis of Mg has not as vet been
elucidated. It should be noted, however, that para-
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thyroid hormone participates importantly in the nor-
mal transport of magnesium and inorganic phospho-
rus into the mitochondria (39, 70, 75, 76). LEHR et al.
(44, 45, 53, 54) have, in fact, demonstrated an early
drop in myocardial Mg and PO, that preceded cardiac
necrosis in parathyroidectomized phosphate-loaded
rats. Such decreases in myocardial magnesium have
also been reported in other experimental cardiomyo-
pathies (6, 12, 21, 30, 31, 38, 45, 54, 62, 77, 78) and in
hearts of patients who died of myocardial infarcts
(30, 37, 68, 78).

LEHR et al. (42, 46, 55) have demonstrated that
reniprival cardiac necrosis does not develop in para-
thyroidectomized rats, whereas the « corticosteroid
phosphate » myocardial necrosis is dramatically
aggravated in the absence of the parathyroid glands.
The contrasting influence of parathyroidectomy under
these two experimental conditions is explained by
LEHR and KRukowskl (46) as due to the effect of
parathyroid hormone upon the availability of myo-
cardial Mg. In the first instance, the overproduction
of parathyroid hormone following bilateral nephrec-
tomy causes continuous mobilization and thus enor-
mous accumulation of phosphate in blood and soft
tissues. In the second instance, the increase of para-

SUMMARY.

Effects of estrogen on tissue magnesium content
possible influence on cardiovascular
and bone diseases

The sex and age differences in incidence of cardio-
vascular and bone-wasting diseases suggest that estro-
gen has a protective effect in these systems. Estro-
gen administration has, in fact, been shown to pro-
tect against cardiotoxic drugs in animals. The high
incidence of osteoporosis in post-menopausal women
may be related to the absence of estrogen's inhibition
of parathyroid hormone-mobilization of bone mine-
rals. The decrease of plasma levels of magnesium,
induced by oral contraceptives, which may contribute
to the enhancement of blood coagulability, is associa-
ted with increased bone deposition of magnesium
rather than impaired intestinal absorption or in-
creased urinary excretion of this element. The hig-
her tissue levels of magnesium, and the greater resis-
tance to dietarv Mg-deficit of female versus male
animals, and the better retention of Mg by voung
women than men on marginal Mg-intakes, supports
the premise that estrogen may exert its cardio-
protective effects by favorising tissue retention of
magnesium,

thyroid hormone secretion elicited by oral NaH.PO,
loading of intact rats is beneficial, since the phospha-
turic effect of the hormone protects against phos-
phate accumulation in blood and soft tissues and the
consequent danger of hypocalcemia and hypomagne-
semia. Hence, in both models of experimental
myocardial necrosis, hyperphosphatemia is the com-
mon denominator and Mg depletion by binding to
phosphate may occur. The decreased availability of
Mg for vital, intracellular metabolic processes may,
in turn, constitute an important factor in the patho-
genesis of the myocardial injury.

CONCLUDING REMARKS.

In view of the considerable evidence of the cardio-
protective effect of magnesium, and of the loss of
myocardial Mg early in the course of many cardio-
myopathies, the loss of the Mg-retaining effect of
estrogen may well contribute to the increased inci-
dence of cardiac disease in aging women. Whether
the increased bone pathology that is seen in women
over the age of fifty is contributed to by a loss of
skeletal Mg, is an unresolved question.

Mildred S. SeeLiG, Adj. Assoc. Prof., Pharmacology,
New York Medical College; Research Assoc.,
Pediatrics, Maimonides Research Center; Director
Biomedical Analysis, Shering Corporation.

and David LeEHR, Professor and Chairman,
Department of Pharmacology, New York Medical
College.

RESUME.

‘Effet des eetrogénes sur le taux du Mg tissulaire :
possible influence sur les maladies cardiovasculaires
et osseuses

Les différences selon I'dge et le sexe dans la surve-
nue des maladies cardiovasculaires et les décalcifi-
cations suggérent que les cetrogénes ont un effet
protecteur dans ces systémes.

L'administration d’'cestrogéne protége effectivement
contre les drogues cardiotoxiques.

La haute incidence des ostéoporoses chez la femme
en phase post-ménopausique peut étre due a I'absence
d’'inhibition par les cestrogénes de la mobilisation par
la parathormone des minéraux osseux. La baisse de
la magnésémie plasmatique provoquée par les contra-
ceptifs « per os» qui peut contribuer i accroitre
la coagulabilité sanguine est associée a4 une augmen-
tation de dépot magnésique dans I'os plutdt qu'a une
absorption intestinale diminuée ou une hyperexcré-
tion urinaire de cet élément. Les taux plus élevés de
Mg tissulaire et la plus grande résistance a la carence
magnésique expérimentale de la femelle par rapport
au male ainsi que la rétention magnésique meilleure
chez les jeunes femmes que chez 'homme d'apports
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magnésiques marginaux supporte I'hypothése selon
laquelle les cestrogénes peuvent devoir leurs effets
cardioprotecteurs a une rétention tissulaire magnési-
que accrue.

ZUSAMMENFASSUNG.

Wirkung des Estrogens
auf den Magnesium Gewebsgehalt ;
Médoglicher Einfluss auf Kreislauf
und Knochen erkrankungen

Die Geschlechts-und-Alters unterschiede im Prozent-
satz der kardiovaskuldren Erkrankungen und Kno-
chenatrophien, machen es wahrscheinlich, dass Estro-
gen eine Schutzwirkung auf diese Systeme ausiibt.
Der hohe Prozentsatz der Osteoporose in post-klimak-
terischen Frauen ist moglicherweise verbunden mit
der Abwesenheit der durch Estrogen verursachten

Hemmung der Knochen mineralmobilisierung durch
das Hormon der Parathyroidea. Die Senkung der
Magnesiumspiegels im Blutplasma, die durch orale
Contraceptive (Empfangsverhiitungsmittel) verursacht
wird und die zur Steigerung der Blutgerinnung bei-
tragen mag, geht Hand in Hand mit einer erhéhten
Deposition des Magnesiums im Knochen und nicht
mit einer Stérung der Darmabsorption oder mit
erhohter Ausscheidung dieses Elementes im Harn.
Der héhere Gewebsspiegel des Magnesiums, und der
grossere Wiederstand gegen Magnesiummangel, in
der Nahrung weiblicher Tiere im Vergleich zu ménn-
lichen Tieren, wie auch die bessere Retention des
Magnesiums bei jungen Frauen im vergleich zu
Minnern im Fall marginaler Magnesiumeinnahme,
unterstiitzen die Annahme dass die herzchiitzende
Wirkung des Estrogens moglicherweise darauf be-
ruht, dass Estrogen die Retention des Magnesiums
im Gewebe begiinstigt.

BIBLIOGRAPHY

1. AckerMaN R., THomas J., Epwaros J. — Relationship of
various factors to the degree of coronary athero-
sclerosis in women. Circulation, 1930, I, 1345-1354.

2. Apams J. — Cardiovascular physiology in normal pre-
gnancy : Studies with the dye dilution technique.
Am. J. Obster. & Gynec., 1954, 67, 741-739.

3. Arcock N., MacINTYRE I. — Inter-relation of calcium
and magnesium absorption. Clin. Seci., 1962, 22, 185-
193.

4. Avrtor D., Hioco D., DurLacH J. — Magnesium metabo-
lism in relation to calcium and phosphorus metabo-
lism in the normal subject and in various osteopa-
thies statistical study of 372 cases. J. de Médecine
de Besangon, 5° année, n* 35, septembre-octobre 1969,
pp. 371-378.

. Baper R., BapEr M., BrRaUNwALD E. — Hemodynamics
at rest and during exercise in normal pregnancy as
studied by cardiac catheterization. J. Clin. Invest.,
1955, 34, 1524-1536.

6, Basusz E., Lossx11zéR K. — A new disease model of
chronic congestive heart failure: Studies on its
pathogenesis. Trans. N.Y. Acad. Sci., 1968, 30, 939-
948.

7. BARR D. — Influence of sex and sex hormones upon
the development of atherosclerosis and upon the
lipoproteins of plasma. J. Chron. Dis., 1953, I, 63-85.

8. Best F., PickLes V. — Effects of treatment with oestra-
diol and progesterone on the calcium and magne-
sium content of the Guinea-pig and rabbit mvome-
trium, and on its sensitivity to stimulants. J. Endo-
crinology, 1963, 32, 121-122.

9. BuckLe R., Care A., CoorErR C., GiTELMaN H. — The
influence of plasma magnesium concentration on
parathvroid hormone secretion. J. Endocrinology,
1968, 42, 329-334.

10. BtRWELL C., STRAYHORN W., FLICKINGER D., CORLETTE
M., Bowervax E., Kexxepy J. — Circulation during
pregnancy. Arch. Intern. Med., 1938, 62, 979-1003.

wn

11. Csapo A. — The mechanism of effect of the ovarian
steroids. Recenr Prog. Horm. Res., 1956, 12, 405431.
12. Cuvmainegs J. — Electrolvte changes in heart tissue

and coronary arterial and venous plasma following
coronary occlusion. Circ. Res., 1960, 8, 865-870.

13. DaHL S. — Serum magnesium in normal men and
women. Acta Haemat., 1950, 4, 63-72.

14. Davis M., Stranpsorn N., LanzL L. — Estrogens and
the aging process. The detection, prevention and
:g;ardation of osteoporosis. J.AM.A., 1966, 196, 129-

15. D Jorce F., Canato C., Mepict C., DeLascio D. — Effects
of the progestin-estrogen oral contraceptives on
blood serum copper, copper oxidase, magnesium
and sulphur concentrations. Matern. Infanc., 1967,
26, 261-267.

16. DurLacH J., StoLiaroFF M., GaunuchoN J., LeELuc R.,
Cong-TRIEU T. — Etudes sur les rapports entre para-
thyroides et métabolisme du magnésium. Ann.
Endocr., 1960, 21, 235-243.

17. DurLacH J. — Le magnésium meétabolisme, besoins.
Incidences diététiques. Nouv. Arch. Hospitaliéres,
1970, 42, 31-40.

18. DURLACH J. — Le role antithrombosique physiologique
du magnésium. Ceeur Méd. Intern., 1967, 6, 213-232.

19. DurtacH J. — Pilule et thrombose (des plaquettes, des
estrogens et du magnésium). Rev. Fran¢. Endocr.
Clin., 1970, 11, 45-54.

20. DurLacH J. — Récents progrés en pathologie magnési-
que. Concours Médical, 1969, 48, 8907-8918.

21. Duruisseau J., Mor:t K. — Biochemical studies on
experimental cardiopathy: Electrolytes in rat tis-
sues. Brit. J. Exper. Path., 1959, 40, 250-254.

22. GiL J., Bete N., BartrerR F. — Effect of parathyroid
extract on magnesium excretion in man. J. Appl.
Physiol., 1967, 22, 136-138.

23. GoLpsMITH N. — Serum Antihyaluronidase and serum
magnesium during the menstrual cycle. Ph. D. The-
sis, Univ. California, Berkeley, 1963, pp. 1-178.

24, GoLpsMITH N., BAUMBERGER J. — Mineral changes after
norethynodrel. Lancer, 1967, 2, 367-368.

25. GowpsmiTH N., GowpsmiTH J. — Epidemiological aspects
of magnesium and calcium metabolism. Arch. En-
viron. Health, 1966, 12, 607-619.

26. GoLpsmMITH N., Pace N., BaumBerceR J.,, URy H. —
Magnesium and citrate during the menstrual cvcle:
Effect of an oral contraceptive on serum magnesium.
Fertil. Steril., 1970, 21, 292-300.

27. GrinnELL E., SmitH P. — Effect of estrogens on myo-
cardial sensitivity to toxic effects of digoxin. Proc.
Soc. Exp. Biol. Med., 1957, 94, 524-527.



254

28.

29.

30.

3L

32,

33.

34.

35

37.

38.

39.

41

42.

43.

45.

47.

48.

49.

HamiLtoNn H. — The cardiac output in normal pregnan-
cy. J. Obstet. & Gynaec. Brit. Emp., 1949, 56, 548-552.

Heaton F. — Action of the parathyroid glands during
lgagsrbesium deficiency in the rat. Biochem. J., 1964,
Y2, L

HeceTvelr H., TanseN C., HunT B. — Magnesium defi-
ciency in the human heart. J. Molec. Cell. Cardiol.,
(to be published).

HocHrReIN H., KuscHKE H., Zagoa Q., FaHL E. — Das
verhalten der intracellularen magnesium-konzentra-
tion im myokard bei insuffizienz, hypoxie und kam-
merflimmern. Klin. Wschr., 1967, 45, 1093.

Hoiman R., Jones C. — Protective influence of pre-
gnancy on experimental collagen disease lesions.
Arch. Path., 1953, 56, 231-237.

HossaiN M., SmitH D., NoroIN B. — Parathyroid acti-
vity and postmenopausal osteoporosis. Lancet, 1970,
1, 809-811.

KinG T., WHITEHORN W., REEVES B., Kusota R. — Effects
of estrogen on composition and function of cardiac
muscle. Am. J. Physiol., 1959, 196, 1282-1285.

KRratzing C., DunstONE J., MapseN N., Macponap P.,
BeLL H. — Variations in rat liver calcium and ma-
gnesium. Biochem. Pharm., 1960, 3, 272-276.

. Kren W., Barsoriak J. — Influence of magnesium

deficiency on serum cholesterol levels in the rat.
Am. . Physiol., 1958, 194, 387-389.

IserI L., ALEXanDER L., McCauGHEY R., BoYLE A., MYERS
G. — Water and electrolyte content of cardiac and
skeletal muscle in heart failure and myocardial in-
farction. Am. Heart J., 1952, 43, 215-227.

JENNINGS R., Crout J., SMETTERS G. — Studies on dis-
tribution and localization of potassium in early myo-
cardial ischemic injury. Arch. Path., 19536, 63, 386-
592.

KimmicH G., RasmusseN H. — The effect of parathy-
roid hormone on mitochondrial ion transport in
the terminal portion of the cvtochrome chain. Bio-
chim. Biophys. Acta, 1966, 113, 457-466.

. KrRukowskl M., LEHR D. — Influence of acute hyper-

parathyroidism of pregnant rats upon their con-
ceptus. Fed. Proc., 1961, 20, 194.

Larvor P., GIRARD A., BROCHART M., Parobr A., SEVES-
TRE ] .— Etude de la carence expérimentale en
magnésium chez le veau. I. Observations cliniques,
biochimiques et anatomo-pathologiques. Ann. Biol.
Anim. Biochim. Biophys., 1964, 4, 345-369.

LEur D. Causative relationships of parathyroid
hormone to renogenic and reniprival cardiovascular
disease. Ann. N.Y. Acad. Sci., 1959, 72, 901-969.

LeHr D. — Experimental cardiovascular necrosis me-
chanisms of production and prevention. Proc. Rudolf
Virchow Med. Soc., 1962, 21, 157-166.

. LEHR D. — The role of certain electrolytes and hor-

mones in disseminated myocardial necrosis. In:
Electrolytes and Cardiovascular Diseases. Ed. E.
Bajusz, Publ. S. Karger, Basel/New York, 1965, pp.
248-273.

LEHR D. — Tissue electrolyte alteration in dissemina-
ted mvocardial necrosis. Ann. N.Y. Acad. Sci., 1969,
156, 344-378.

. LEHR D., KRUKOwWsKI M. — About the mechanism of

myocardial necrosis induced by sodium phosphate
and adrenal corticoid overdosage. Ann. N.Y. Acad.
Sei., 1963, 105, 135-182.

Lenr D., Krukowskr M. — About the mechanism of
protection by advanced pregnancy against experi-

mental mvocardial necrosis. Rev. Can. Biol., 1963,
22, 281-295.
LEHr D., KrRukowskri M. — Protection by pregnancy

against the sequelae of acute hyperparathyroidism.
Arch. Exp. Path. & Pharm., 1961, 242, 143-167.

LEnr D., Krukowskl M. — Mechanism of protection
against parathyroid hormone induced myocardial
necrosis. Fed. Proc., 1962, 21, 140.

50.

1.

52.

53.

35.

57.
38.

59.

61.

62.

63.

65.

67.

68.

69.

70.

1.
T2

73.

74.

DEFICIT MAGNESIQUE EN PATHOLOGIE HUMAINE

LeHr D., Krukowskl M. — On the mechanism of pro-
tection by pregnancy against acute hyperparathyroi-
dism. Biochem. Pharmac., 1961, 8, 344.

Lenr D., KrRukowskl M. — Prevention of myocardial
necrosis by advanced pregnancy. J.AM.A., 1961, 178,
823-826.

Levr D., Krukowski M. — Protection by late pre-
gnancy against acute hyperparathyroidism. Fed.
Proc., 1961, 20, 194.

LeHr D., Krukowskr M., CoLoN R. — A simple method
for the production of acute cardiorenal necrosis.
Arch. Int. Pharmacodyn., 1967, 168, 251-271.

. LEHR D., Krukowskli M., CoLon R. — Correlation of

myocardial and renal necrosis with tissue electrolyte

LeHr D., KrRukowskr M., RicHARD O. — Role of the
parathyroid in cardio-renal injury of phosphate-
mineralo-corticoid poisoning. Fed. Proc., 1959, 18,
414.

. LINDHARD J. — Arch. ges. Phvsiol., 1961, 161, 233. (Cited

by UeLanNp and PARER).

LoweNsTEIN F. — Oral contraceptives and cardiovas-
cular disease. Lancet, 1966, 2, 1365.

MarTINDALE L., Heaton F. The relation between
skeletal and extracellular fluid magnesium in vitro.
Biochem. J., 1965, 97, 440-443.

McGeowN M. — Sex, age, and hyperparathyroidism.
Lancer, 1969, I, 887-388.

. McGeowx M., OrepouLos D. — Urinary calcium and

magnesium in hvperparathvroidism. Lancer, 1969, I,
1214-1215.

Meema H., MeEema S. — Prevention of postmenopausal
osteoporosis by hormone treatment of the meno-
pause. Canad. Med. Ass. I., 1968, 99, 248-251.

Mor1 K., Duruisseau J. — Water and electrolyte chan-
ges in aging process with special reference to cal-
cium and magnesium in cardiac muscle. Can. J
Biochem. Phvsiol., 1960, 38, 919-928.

MuLLER H. Sex, age, and hyperparathyroidism.
Lancet, 1969, [, 449-450.

. Nipa S., Broia E. — Die hormonale beeinflussung des

magnesium-und calcium-blutspiegels wahrend des
menstruationscyclus. Arch. Gyvnak., 1957, 188, 247-252.

NorpiN B., MacGrecor J., SmitH D. — The incidence
of osteoporosis in normal women: Its relation to
age and the menopause. Quart. J. Med., 1966, 35, 25-
38.

. PALMER A., WALKER A. — The maternal circulation in

normal pregnancy. J. Obstet. & Gynaec. Brit. Emp.,
1949, 56, 537-347.

PorvLiegse P. — Hypervitaminosis D. in gravid rats —
study of its influence on fetal parathvroid glands
and a report of hitherto undescribed placental alte-
rations. Arch. Path., 1962, 73, 29-40.

Raae W. — Mvyocardial electrolvte derangement: Cru-
cial feature of pluricausal, so-called coronary heart
disease. Ann. N.Y. Acad. Sci., 1969, 147, 627-686.

RANNEY R. — Antagonism between estrone and para-
thyroid extract in their effects upon bone accretion.
Endocrinology, 1959, 64, 594-601.

RasmusseN H., FiscHErR J., Arxaup C. — Parathyroid
hormone, ion exchange, and mitochondrial swelling.
Proc. Natl. Acad. Sci. U.S.A., 1964, 52, 1198-1203.

Robensky P., WassermaN F. — Effect of sex difterence
in digoxin toxicitv. Am. Heart. J., 1964, 67, 845.

RoNA G., CuapPEL C., BarLazs T., Gaubry R. — The
effect of breed, age, and sex on myocardial necrosis
produced by isoproterenol in the rat. J. Gerontol.,
1959, 14, 169-173.

RoNA G., CHappEL C., Kaux D. — The significance of
factors modifving the development of isoproterenol-
induced mvocardial necrosis. Am. Heart J., 1963, 66,
389-395.

RosNER F., GorriEx P. — Ervthrocyte and plasma zinc
and magnesium levels in health and disease. J. Lab.
& Clin. Med., 1968, 72, 213-219.



75.

76.

78.

79.

80.

81.

82.

83.

ASSEMBLEE 6. GYNECO-OBSTETRIQUE 255

SaLuis J., pE Luca H., RasmusseN H. — Parathyroid
hormone-dependent uptake of inorganic phosphate
by mitochondria. J. Biol. Chem., 1963, 238, 4098-4102.

Sarurs J., pE Luca H. — Action of parathyroid hormone
on mitochondria. J. Biol. Chem., 1966, 241, 1122-1127.

. SEELIG M. — Myocardial loss of functional magnesium.

Part I. Effect on mitochondrial integrity and potas-
sium retention. J. Molec. & Cell. Cardiol., in press.

SEELIG M. — Myocardial loss of functional magnesium.
Part II. In cardiomyopathies of diverse etiology.
J. Molec. & Cell. Cardiol., in press.

SEELIG M. — The requirement of magnesium by the
normal adult. Am. J. Clin. Nutr., 1964, 14, 342-390.
SeLYE H. — Protection by pregnancy against the deve-

lopment of experimental arteriosclerosis and meta-
static calcification. Amer. J. Obster. Gynec., 1957,
74, 289-294.

SeLyE H. — Protection by pregnancy against the deve-
lopment of infarctoid cardiopathy and nephrocalci-
nosis. J. Obster. Gynaec. Brit. Emp., 1958, 65, 588-590.

SeLYE H. — Prevention of various forms of metabolic
myocardial necrosis by catatoxic steroids. J. Molec.
Cell. Cardiol., 1970, 1, 91-99.

SeELYE H., YEGNarYaN E., ManDevILLE R. — Protection by

catatoxic steroids against dihydrotachysterol intoxi-
cation. Atherosclerosis, 1970, [1, 321-331.

84. Stamier J. — The relationship of sex and gonadal
hormones to atherosclerosis. In: Atherosclerosis and
Its Origin, Eds M. Sandler and G. H. Bourne, Publ.
Academic Press, N.Y., 1963, pp. 231-262.

85. Ueranp K., Parer J. — Effects of estrogens on the
cardiovascular system of the ewe. Am. J. Obstet. &
. Gvnec., 1966, 96, 400-406

86.\BaLass O. — Effect of estrogenic hormone on content
of calcium and magnesium in uterus. Acta. Physiol.
Scandinav., 1950, 21, 27-33.

87. WaLters W., Lim Y. — Cardiovascular dynamics in
women receiving oral contraceptive therapy. Lancet,
1969, 2, 879-881.

88. WatcHorN E., McCance R. — Subacute magnesium
deficiency in rats. Biochem. J., 1937, 31, 1379-1390.
89, WHiITFIELD C., TipsaLL M. — Estrogen effect on skeletal

muscle and degenerative signs of experimental mg
deficiency. Fed. Proc., 1968, 27, 498.

90. Young M., Jasani C., SmitH D., Norbix B. — Some
effects of ethinyl oestradiol on calcium and phos-
phorus metabolism in osteoporosis. Clin. Sci., 1968,
34, 411-417.



	CCF00172012_00012
	CCF00172012_00013

