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Experiments were carried out in which ovariectomized mice were injected with increasing doses of /2-sitosterol followed by quantitative
determination of calcium, magnesium and phosphorus in the blood:
1. ß-sitosterol in large doses (25, 50, 75 and 100 %) significantly increased the calcium levels. Doses of 5 and 10 7*g had no effect.
2. Similar doses of the phytoestrogen induced a striking decrease in the magnesium concentrations which finally attained about half the
control values.
3. Significant decreases in the level of phosphorus were evident after all dosage levels of /?-sitosterol, except 100 ytig, which caused only
an insignificant reduction in the concentration of phosphorus.

Es werden Versuche an ovarektomierten Mäusen beschrieben, denen steigende Dosen jff-Sitosterin injiziert wurden. Bestimmt wurden
Calcium, Magnesium und Phosphor im Blut:
1. ß-Sitosterin in hohen Dosen (25,50,75 und 100 %) erhöhte den Calciumspiegel signifikant. Dosen von 5 und 10 hatten keinen Effekt.
2. Gleiche Dosen des Phytoöstrogens führten zu einem deutlichen Abfall der Magnesiumkonzentration, der fast die Hälfte des Kontroll-
wertes erreichte.
3. Die Verminderungen des Phosphatspiegels waren bei allen verwendeten Dosierungen von /?-Sitosterin signifikant, ausgenommen
100 /Mg, die einen nicht signifikanten Abfall der Phosphorkonzentration bewirkten.

The greatly increased interest in feeding research stems
partly from the close relationship between inadequate
nutrition and reproduction. The minerals, as indispen-
pensible elements in this situation, offer exciting pos-
sibilities for interference with the normal reproductive
processes in farm animals (1, 2). KOLB (3) gave special
emphasis to calcium, magnesium and phosphorus
which were apparently under hormonal control. Animal
and synthetic estrogens were found to possess an
essential regulating influence on the blood concen-
tration of these minerals (4, 5). Although various
plants represent a very important source of estrogens,
no data are available about their effects upon mineral
metabolism. Despite the intimate relation between
these plant estrogens and reproduction (6), it is not
known whether the disturbing action of phytoestrogens
is related to any mineral changes in the blood. There-
fore, in the present work, calcium, magnesium and
phosphorus were measured in ovariectomized mice
treated with ß-sitosterol, which possesses a significant
estrogenic activity (7).

Materials and methods
/5-sitosterol (Koch-Light Ltd., England), a potent phytoestrogen,
was prepared for experimental investigation by dissolving in
ether and mixing with olive oil. After evaporation of the solvent,
graded dilutions were prepared so that 0.1 ml of the oil contained
5, 10, 25, 50, 75 and 100/ig of our estrogen-like compound.
Bilateral ovariectomy was performed in 110 mature female mice
(Charles River C. D. supplied from the Naval American Medical

Research Unit in Cairo) with an average body weight of 25—30 g.
Two weeks after the operation, they were divided into 7 groups,
the first of which contained 20 animals, injected with the oil to
act as controls. The remaining 6 equal groups received sub-
cutaneous injections of the required doses of /5-sitosterol for 3
days. Twenty-four hours later, all the mice were slaughtered and
the heparini2ed blood of each five animals was pooled and cen-
trifuged at 3000 r. p. m. to separate the plasma. The latter was
kept in a refrigerator until three estimations of each sample and
four of the controls were carried out.
Calcium and magnesium were determined together by titration
with EDTA (disodium ethylene diamino-tetra-acetic acid) atpH 10
in the presence of Eriochromblack T (8). In the same "manner,
quantitative determination of calcium alone was performed by
using murexide at pH 12. The magnesium content was calculated
by subtracting calcium from both Ca and Mg. The inorganic
phosphorus was determined by coupling with molybdate to form
a yellow compound of phosphomolybdate (9). The latter was
reduced by stannous chloride to give a blue colour of molybdenum
blue which was compared with a standard curve made under
similar conditions.

Results and discussion

Although the literature contains indications that plant
estrogens affect animal reproduction, the role played by
minerals in this phenomenon has not been investigated.
The present study concerns the influence of phy-
siologically important phytoestrogens on Ca, Mg and
P as regulating factors for reproduction (10). In ova-
riectomized mice, these minerals underwent signi-
ficant variations after treatment with ß-sitosterol
showing no linear correlation between the injected
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Table 1
Quantitative estimation of Ca, Mg and P after graded doses of /?-

sitosterol
Op.
no.

1
2
3
4
5
6
7

Treatment Minerals (mg/100 ml ±
(0g) calcium magnesium

0
5

10
25
50
75

100

10.50 ±0.192
10.80 ±0.400»
10.50±0.100a

11. 60 ±0.224
11. 06 ±0.448
11. 53 ±0.308
12.93 ±0.339

4.65 ±0.082
3.80 ±0.700»
4.40 ±0.1 00»
3.80 ±0.1 00
3.00 ±0.530
2.80 ±0.1 00
2.80 ±0.459

S. E.)
phosphorus

4.10 ±0.252
3.13 ±0.388
3.20 ±0.000
2.40 ±0.224
2.93 ±0.490
2.40 ±0.000
3.86 ±0.317»

a = The differences between experimental and control animals are
insignificant.

dose and their blood concentrations. The mineral
changes, as shown in Table 1, are explained as follows.

The calcium

The levels of calcium in the blood were not affected
after treatment with 5 and 10 § of ß-sitosterol daily.
With large doses (25, 50, 75 and 100 /jg), calcium was
slightly but significantly increased as compared to its
concentrations in the control mice. The stimulatory
effect of jff-sitosterol on the blood content of calcium is
consistent with that obtained by other estrogens in the
earlier literature and which was first detected by RIDDLE
and DOTTI {11). It is reasonable to assume that this
action is due to a stimulated release of calcium from the
bone into the circulation as indicated by hypo-ossi-
fication after estrogenic treatment (12), an action which
may be mediated through the hypophysis (13). In this
connection, the question arises as to whether the im-
paired reproduction represented by abortion is related
to calcium concentration in the blood of farm animals.
HASSELBACH (14) indicated the importance of calcium
in the induction of strong contraction of the uterus by
activation of the energy-providing ATPase.

The magnesium

Small doses of /?-sitosterol (5 and 10 /jg) failed to induce
significant changes in Mg-levels when compared with

the control values. Its concentrations were markedly
decreased when the doses reached 25, 50, 75 and 100 %
daily. This fall may be attributed to increased deposition
of magnesium in the liver and muscles which proved to
contain higher amounts of the same mineral after
estrogenic stimulation (15). This result suggests a
new explanation for the possible interference of mag-
nesium in the uterine inertia and dystocia which is
usually noticed in farm animals after ingestion of
estrogenic plants. FRÄSER (16) reported that this
mineral is necessary for the pressor hormone to exert
its oxytocic activity, and magnesium ions are also
essential for the normal function of pregnant and non-
pregnant myometrium (17).

The phosphorus

All the doses of /?-sitosterol reduced significantly the
phosphorus levels in the blood of treated animals
except the highest one (100 /-eg) which produced an
insignificant decrease. There is at present no explanation
for this result. It may be an indication of a reverse
action which begins at this dosage level. The phosphorus
reduction may reflect an enhanced rate of storage in
some organs; e. g. the uterus (manuscript in preparation)
and/or increased phosphorus utilization (18) in re-
sponse to estrogenic stimulation. Also, there is the
possibility that this effect on phosphorus may not be
entirely due to enhancement of storage and utilization;
the metabolic interrelation between different minerals
may also play a significant role (19).
Finally, we would like to comment on the fact that the
results of this study are of more than academic interest
as they afford a new approach for the field of phyto-
estrogen research. This would focus light upon a
possible relationship between the mineral metabolism
in the body and the reproductive disturbances that
occur in farm animals after ingestion of estrogenic
plants.
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