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Adequate Response of Plasma 1,25-Dihydroxyvitamin D

to Parturition in Paretic (Milk Fever) Dairy Cows

Abstract. The concentration of 1,25-dihydroxyvitamin D was measured by means of
a radioactive receptor assay in the plasma of cows during the period immediately prior
to, during, und following parturition. Nonparetic cows showed initially a slight de-
crease in plasma 1,25-dihydroxyvitamin D which was followed by a significant in-
crease during parturition and 2 days postpartum. The highest concentration achieved
in the control or nonparetic cows was 100 picograms per milliliter. In the paretic
animals the plasma 1,25-dihydroxyvitamin D concentration increased sharply during
the day preceding calving and reached a maximum of 200 picograms per milliliter at
parturition. This level was maintained during the ensuing 2.5 days. These results
demonstrate that parturient paresis cannot be the result of insufficient synthesis or

secretion of 1,25-dihydroxyvitamin D.

Parturient paresis (milk fever) is a
metabolic disease occurring at or near
parturition, especially in high-producing
dairy cows. The onset is associated with
the initiation of lactation and is character-
ized by a rapid decline in serum calcium
and phosphorous concentrations. Ulti-
mately, the animal suffers from a low-cal-
cium tetanic state which is usually rapidly
corrected by the infusion of calcium
gluconate. If the disease is left untreated,
approximately 60 to 70 percent of the ani-
mals will succumb to this condition (/).

The underlying cause of parturient pa-
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resis remains unknown despite many
years of investigation. Several hypothe-
ses have appeared; one of the more popu-
lar is the idea that bone and intestine are
resistant to the parathyroid hormone
which s secreted in response to the hypo-
calcemia brought about by milk forma-
tion (2). Because parathyroid hormone al-
so stimulates production of 1,25-dihy-
droxyvitamin D, [1,25-(OH),D,], a major
calcium-mobilizing hormone (3), itis pos-
sible that parturient paresis results from a
failure to produce 1,25-(OH),D, in re-
sponse to hypocalcemia and parathyroid
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Fig. 1 (left). The concentration of calcium in the plasma of paretic and nonparetic cows at par-
turition. Day 0 represents parturition (calving), while negative figures represent days prior to
calving. The data are presented as the mean = standard error (vertical bars) for four animals

in each group.

Fig. 2 (right). The concentration of 1,25-(OH),Dj; in the plasma of paretic and

nonparetic cows at parturition. Designations are as described in Fig. 1. Vertical bars represent
standard errors, and there were four values for each point on the curve.
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hormone. The absence of adequate 1,25-
(OH),D; would then cause skeletal resis-
tance to parathyroid hormone and in-
adequate calcium absorption, giving rise
to parturient paresis.

Recently we developed an assay for
1,25-(OH),D; which is highly specific and
which can be carried out on reasonably
small amounts of plasma (4). By using this
assay we have measured the plasma con-
centrations of 1,25-(OH),D; in paretic
and nonparetic animals prior to, during,
and immediately following parturition.
The results clearly demonstrate that pa-
retic animals are fully capable of increas-
ing their plasma 1,25-(OH),D; levelsinre-
sponse to the hypocalcemia brought
about by parturition and milk formation.

Eight Holstein cows (5 years or older)
were fed a basal diet of low-moisture si-
lage made from alfalfa, plus 1.8 kg of
grain. This diet was adequate in energy
and protein according to National Re-
search Council requirements for mainte-
nance and pregnancy (5). The diet sup-
plied 80 to 85 g of calcium and 30 to 35 g of
phosphorus daily from 35 days prepartum
to 2.5 days postpartum.

Blood (50 ml) was collected from the
jugular vein every 12 hours from 2 days
before to 2.5 days after calving in hepa-
rinized tubes (5 unit/ml) packed in ice.
In the case of parturient paretic ani-
mals, blood was always taken just prior to
calcium infusions (500 ml of 25 percent
calcium borogluconate). The plasma was
separated immediately in a refrigerated
centrifuge at 4°C and divided into 5-ml
portions which were stored at —10°C until
assayed.

The assay for 1,25-(OH),D; was carried
out according to the method of Eisman et
al. ). Calcium was measured in the pres-
ence of 0.1 percent LaCl; by atomic ab-
sorption spectrophotometry with a Per-
kin-Elmer Model 403 instrument.

Four of the eight cows showed clinical
signs of parturient paresis, that is, cold
extremities, lateral recumbency, and hy-
pocalcemia. These animals responded to
infusions of calcium borogluconate and
were, therefore, diagnosed as having
parturient paresis.

Plasma calcium levels in the paretic
cows decreased from 9.5 mg/100 ml at 2
days before calving to S mg/100 ml at calv-
ing (Fig. 1). On the other hand, the non-
paretic animals showed only a slight de-
crease in serum calcium concentration
during this period. Although the calcium
infusions relieved the paretic symptoms,
an elevated level of calcium in the serum
was not sustained since the values were
not appreciably higher at 0.5 days after
the infusion. These results are consistent
with previous reports for parturient pa-
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retic animals (6). The plasma 1,25-
(OH),D; levels increased sharply from 50
pg/ml on the day before calving to a value
of near 200 pg/ml at parturition in the pa-
retic animals (Fig. 2). This value re-
mained high during the remaining 2.5
days of study postpartum. In contrast,
the nonparetic animals showed a much
slower increase in plasma 1,25-(OH),D,
levels beginning the day before parturi-
tion and reaching a maximum of approxi-
mately 100 pg/ml at 2 days postpartum. At
each sampling, beginning on the day be-
fore calving to 2.5 days postpartum, there
was a significantly higher concentration
of 1,25-(OH),D; in the plasma of the pa-
retic animals than in that of the non-
paretic controls (P < .01) as determined
by Student’s ¢-test.

It is apparent, therefore, that in spite of
their plasma 1,25-(OH),D; levels being
significantly increased in response to the
hypocalcemia brought about by milk for-
mation, the paretic animals fail to adjust
their plasma calcium concentration. It is
well known that during this period the
concentrations of circulating immuno-
reactive parathyroid hormone are also
elevated in the paretic animals (6), a re-
sult which has been confirmed in our lab-
oratories (7). These results demonstrate
that the paretic animals are fully capable
of synthesizing 1,25-(OH),D; in response
to the hypocalcemia of milk formation,
but that the target organs of this very po-
tent hormone as well as the target organs
for the parathyroid hormone are appar-
ently resistant. Thus the search for a
mechanism at least in our laboratories
will be directed toward understanding the
basis for end-organ resistance to these
two potent calcium-mobilizing hormones.

R. L. HorsT, J. A. EISMAN
N. A. JorRGENSEN, H. F. DELuca
Departments of Biochemistry and
Dairy Science, College of Agricultural
and Life Sciences, University of
Wisconsin-Madison, Madison 53706
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Human Breast Cancer: Biologically Active Estrogen

Receptor in the Absence of Estrogen?

Abstract. The human breast cancer cell line MCF-7 does not require estrogen for
growth, but paradoxically its growth is inhibited by antiestrogens. Our results show
that, unlike normal target cells, MCF-7 cells carry most of their estrogen receptors in
their nuclei even when these receptors are not charged with estrogens. The receptors
for androgen and for progesterone, on the other hand, are localized in the cytoplasm
as usual. Therefore, it is possible that the growth of these abnormal cells is stimulated
by estrogen receptor in spite of the absence of the hormone and that the binding of
antiestrogen molecules antagonize this stimulation.

The MCF-7 cell line was derived from a
hormone-dependent human metastatic
breast cancer (/). Although these cells are
not dependent on estrogen, estrogen re-
ceptor is present (2), and at least one an-
tiestrogen (Tamoxifen) strongly inhibits
growth (3). To confirm the generality of
this antiestrogen action, we treated grow-
ing MCF-7 cells with the antiestrogen Na-
foxidine (Upjohn U-11,100A) for 48 hours
in medium with 2 percent fetal calf serum
that had been stripped of steroids by
treatment with charcoal. The uptake of
[*H]thymidine into DNA was markedly
reduced by Nafoxidine (see Fig. 1). In
spite of the absence of estrogen in the me-
dium, estradiol alone showed only slight
stimulation of thymidine uptake, demon-
strating again that the hormone is not re-
quired for growth. Estradiol did, how-
ever, completely reverse the inhibition of
thymidine uptake caused by Nafoxidine,
as it had also reversed the effect of Ta-
moxifen. It seemed likely, therefore, that
antiestrogens were acting through the es-
trogen receptor, thus explaining why es-

Table 1. Subcellular distribution of steroid re-
ceptor in MCF-7 cells. Cells were grown to
confluence as described in Fig. 1; 3 to S days
prior to harvest, hydrocortisone (1 x 107*M)
and ovine prolactin (5 ug/ml) were added to the
charcoal-stripped serum medium. For pro-
gesterone receptor measurements, estradiol
(1 X 107"M) was also added. At harvest, cells
were gently removed by a 15- to 30-minute in-
cubation with Hanks Mg?**-free, Ca?*-free eth-
ylenediaminetetraacetate solution, washed,
and homogenized in 5 mM sodium phosphate
(pH 7.4), 1 mM thioglycerol, and 10 percent
glycerol. Free cytosol and nuclear binding
sites were assayed by the protamine sulfate
method as previously described (¢, 5). Numer-
als in parentheses indicate number of experi-
ments performed, with two to five confluent
flasks per experiment.

Receptor (pmole/mg DNA)

Cytosol Nuclei

Estrogen 0.47 = 0.06 1.40 = 0.07

receptor (@] 7)
Proges- 1.25 0.12

terone

receptor
Androgen 0.093 = 0.007 0.01

receptor (8) 3)

tradiol countered their inhibitory effects.
But why did the cells not appear to re-
quire estrogen otherwise?

A possible answer came from examina-
tion of the estrogen receptor distribution
between nuclei and cytoplasm of MCF-7
cells. Using a new modification ¢) of our
ligand exchange assay for protamine-pre-
cipitated estrogen receptor (5), we found
that 75 percent of the estrogen receptor in
MCEF-7 cells was found in the cell nuclei,
even though these cells were growing in
the absence of estradiol (Table 1). This
receptor was not charged (bound) with
estradiol, since it bound [*H]estradiol in
the assay at 4°C as readily as did free cy-
toplasmic receptor. The distribution is in
striking contrast to that in normal target
tissues, in which little if any uncharged
estrogen receptor is ever found in nuclei.
Yet this distribution does not appear to be
an artifact of the preparation, since the
receptors for progesterone and andro-
gens, both of which we have shown to be
present in these cells (6), are restricted to
the cytoplasm, as expected in the absence

Table 2. Effects of estrogen treatment on es-
trogen receptor distribution in MCF-7 cells.
Intact MCF-7 cells grown to confluence in T-75
flasks (see Fig. 1) were treated for 1 hour with
either 107®M nonradioactive estradiol or ste-
roid-free vehicle. Cytoplasmic and nuclear ex-
tracts were assayed for estrogen receptor by
the protamine method (¢, 5); free receptor was
measured by uptake of [*H]estradiol at 4°C,
while total receptor was determined by in-
cubation at 30°C (cytosol) or 37°C (nuclear) for
2.5 hours. The difference in total (30°C or 37°C)
and free (4°C) yielded the values for bound re-
ceptor. Abbreviations: Rc, unoccupied cy-
toplasmic receptor; RcE, estrogen-occupied
cytoplasmic receptor; Rn, unoccupied nuclear
receptor; and RnE, estrogen-occupied nuclear
bound receptor.

Receptor
(pmole/mg DNA)
Estrogen
Control treated
Rc 0.4 0
RcE 0 0
Rn 1.2 0
RnE 0 1.5
Total ”1? 1_5
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