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Calcium Regulating Hormones during the Estrous Cycle of the Rat (41539) 
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Abstract. Plasma levels of calcium (Ca), phosphate (P), calcitonin (CT), parathyroid hormone 
(PTH), and prolactin (PRL) were measured at 8, 13, and 17 hr during the 4-day estrous cycle 
of the rat. Ca levels fell throughout the day during proestrus (PE) and estrus (E). In contrast Ca 
rose transiently during diestrus (DI, D2). P levels fluctuated inconsistently at all stages of the 
cycle with the exception of E where P levels were significantly higher at 13 hr. CT levels showed 
an increase during D 1 and D2 and fell to their lowest values during E, at 1 3 hr. Daily fluctuations 
in each stage were also recorded. Variations of PTH levels during the estrous cycle were minor. 
PRL levels increased sharply during PE. No direct relationship between PRL secretion and CT 
secretion could be established. These results indicate that CT but not PTH varies specifically in 
relation to the estrous cycle. They suggest that there is a link between sexual hormones and CT, 
apparently independent of plasma calcium levels. 

Among the several factors affecting calci- 
tonin (CT) levels, sex has recently been shown 
to exert an important influence. For instance, 
Roos et al. (1) and Peng and Gamer (2) have 
observed higher levels of CT in female than 
in male rats during aging. CT levels also vary 
according to the reproductive state. Circulat- 
ing hormone increases during gestation (3) and 
lactation (4) and decreases after ovariectomy 
(5, 6), the lowest values are reached during 
estrous (7). This last finding has prompted us 
to investigate both calcium (Ca) and phos- 
phate (P) levels during the estrous cycle in the 
rat in relation to CT, parathyroid hormone 
(PTH), and prolactin (PRL) fluctuations. As 
diurnal variations of CT levels have been re- 
ported in both male and female rats (1) blood 
samples were obtained at three different times 
in the day. 

Materials and Methods. Animals. One 
hundred 3-month-old female rats (Wistar Cf) 
weighing 250 g were housed under controlled 
conditions of temperature, humidity, and light 
(light on 0600 to 1800 hr). Estrous cycles were 
monitored according to vaginal smears taken 
daily between 8 and 9 hr. Only animals show- 
ing three or more regular 4day cycles were 
used. During the experimental period, free ac- 
cess to food and water was allowed. Blood 
samples were obtained by retroorbital sinus 
puncture using heparin as an anticoagulant. 

' To whom all correspondence should be addressed. 

Plasma was immediately separated at 4" and 
Ca and P estimated directly. Aliquots were 
immediately frozen until assayed for CT, 
PTH, and PRL. 

Calcium and phosphate estimations. Ca was 
estimated by atomic absorption spectropho- 
tometry. P was measured by a colorimetric 
microtechnique (8). 

Radioimmunoassays. CT was estimated by 
a sensitive assay for human CT which shows 
a total cross-reaction with murine CT (9, 10). 
In brief 50 pl of rat plasma was incubated in 
the presence of antiserum against human CT 
(HCT) at a final dilution of 1/250,000 in 
phosphate-buffered albumin in a total volume 
of 400 pl for 6 days, then 100 pl of '251-HCT 
(specific activity 200 pCi/pg) was added and 
incubation continued for another 5 days. Free 
and bound hormone were separated by ab- 
sorption on dextran-coated charcoal. Stan- 
dard curves were performed using synthetic 
HCT and protein effects controlled by the ad- 
dition of affinity stripped plasma (50 pl) (1 1). 

A sensitive RIA for PTH was developed 
using antibodies obtained in the goat (12) 
against 1-34 N terminal fragment of human 
PTH (HPTH) prepared by a solid-phase 
method (1 3) according to the sequence pro- 
posed by Niall et al. (14). Synthetic 1-34 
HPTH was used both as standard and tracer 
after iodination by chloramine-T ( 15). Anti- 
serum was used at a final dilution of 1/250,000 
in barbital buffer, 0.05 M, pH 8.6, containing 
17% of PTH free (affinity stripped) human 
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plasma. Incubation was carried out for 4 days 
at 4" and then tracer (specific activity 100 
pCi/pg) was added and incubation continued 
for 3 more days; 100 pl of plasma sample or 
various quantities of standard 1-34 HPTH so- 
lutions in a final volume of 500 p1 were used 
for estimating unknowns or establishing stan- 
dard curves. Free and bound hormone were 
separated by a modified dextran charcoal 
method ( 16). Nonspecific adsorption was 
controlled by the incubation of each un- 
known in the absence of antibody. 

PRL was measured by a radioimmunoas- 
say for rat prolactin using reagents obtained 
from NIAMDD. Preparation of tracer (spe- 
cific activity 150 pCi/pg) and incubation con- 
ditions were carried out according to the 
experimental protocol recommended by 
NIAMDD. 

All radioimmunoassay data were com- 
puted using a spline function (17). 

Statistical treatment of data. Variance anal- 
ysis was used for all data showing homoge- 
neity of variances (Bartlett's test) ( 18). In case 
of variance heterogeneity (PRL) a t test was 
used after due reduction of the number of 
degrees of freedom (1 8). 

Results. Plasma calcium levels. Highly sig- 
nificant fluctuations (F test, P < 0.01) were 
recorded during estrous cycle and during the 
day. Ca levels were higher at 8 hr PE as com- 
pared to 8 hr D1 and D2, and higher at 8 hr 
E as compared to 8 hr D2 (P < 0.05) (Table 
I). At all stages of the cycle, Ca levels declined 
between morning and evening. This fall was 
significant for PE between 8 and 17 hr (P 

< 0.05) and for Dl and D2 between 13 and 
17 hr (P < 0.05) but not significant for E. 

Plasma phosphate levels. P changes were 
similar during the day for all the stages (Table 
I). A significant rise was observed during E 
between 8 and 13 hr (P < 0.02). 

Plasma CT levels. No differences were ob- 
served at 8 hr for all the stages (Fig. 1). High 
values were observed at 1 3 hr D 1 and D2 (D 1 / 
E, P < 0.01; D2/E, P < 0.02; Dl/PE, P 
< 0.05). At 17 hr D1, the increase in CT 
values persisted (Dl/E, P < 0.01, Dl/PE, 
P < 0.02, Dl/D2, P < 0.01) (Fig. 1). 

Plasma PTH levels. The pattern was de- 
void of significant fluctuations during the cy- 
cle or during the day (Fig. 1). 

Plasma PRL levels. PRL levels rose during 
PE, with maximum values at 17 hr, 8 hr/17 
hr, P < 0.002 (Fig. 1). No significant change 
was observed during the rest of the cycle; the 
values were very low (1 7 ng/ml). 

Discussion. Our previous results showed 
that CT levels fluctuated during the estrous 
cycle of the rat (7). It appears from the data 
reported here that the fluctuations in levels of 
Ca are not correlated with those of CT; the 
physiological secretion of CT seems to be in- 
dependent of variations of blood calcium lev- 
els. The data reported here also confirm our 
previous findings that PTH levels were not 
significantly modified during the cycle. Thus 
the restricted fluctuations in Ca levels cannot 
be ascribed to compensatory changes in PTH 
secretion. It is important to point out that we 
have used an N-terminal assay directed to- 
ward the biologically active part of the mol- 

TABLE I. PLASMA CALCIUM AND PHOSPHATE LEVELS (mg/100 ml) 

8 hours 16 hours 17 hours 

Ca P ca P ca P 

PE 11.42 f 0.12 5.18 f 0.19 11.18 f 0.15 5.80 f 0.12 10.88 f 0.13" 5.63 f 0.27 
E 11.21 f 0.25 5.20 f 0.16 11.02 f 0.15 6.14 f 0.18d 10.83 f 0.17 5.48 f 0.27 
Dl 10.91 f 0.31" 5.51 f 0.26 11.19 f 0.11 5.62 f 0.09 10.64 f 0.04' 5.45 f 0.14 
D2 10.76 0.11" 5.22 f 0.30 11.21 f 0.16 5.60 f 0.22 10.62 f 0.23' 5.61 f 0.21 

Note. Values are the mean f SEM for goups of five animals. PE, proestrus; E, estrus; D1, diestrus Day 1; D2, 
diestrus Day 2. Data were subjected to variance analysis. 

" Significantly different from PE, 8 hr (P < 0.05). ' Significantly different from D 1, 13 hr (P < 0.05). 
' Significantly different from D2, 13 hr (P < 0.05). 

Significantly different from E, 8 hr (P < 0.02). 
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FIG. 1. Plasma PRL, CT, and PTH levels during 4day estrous cycle. PRL levels rose during PE, reaching 
the highest value at 17 hr; 13 hr/ 17 hr, P < 0.05; 8 hr/ 17 hr, P < 0.002. PTH values showed no significant 
variations during the estrous cycle. CT values pattern differed with the hour of the day and with the day 
of the cycle. Higher values were observed on D 1 and D2 at 13 hr: D 1 /E, P < 0.00 1 ; D2/E, P < 0.02; D 1/ 
PE, P < 0.05; and at 17 hr on D1: Dl/E, P < 0.01; Dl/PE, P < 0.02; Dl/D2, P < 0.01. Values shown 
are the mean k SE (vertical lines) for a group of five rats. PE, proestrus; E, estrus; D1, diestrus Day 1; D2, 
diestrus Day 2. 

ecule. In humans, a distinct increase of PTH 
values has been reported during the midcycle 
when compared to values during the follicular 

and luteal phase, at which time the rise of CT 
levels was less distinct and consistent (19). 
However, Baran et al. (20) found no changes 
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in PTH and CT levels in the human female 
during the menstrual cycle. These differences 
in hormonal secretion during the sexual cycle 
in man and rat could be species specific in- 
asmuch as CT levels are higher in female rats 
as compared with those in age-matched males 
(1); the reverse has been found in humans (2 1, 
23). In the female rat, CT levels increase dur- 
ing aging, whereas they diminish with age in 
women (24). The fluctuations in CT levels 
during E might be due to changes in the se- 
cretion of hypophyseal hormone as a selective 
increase of PRL levels in man has been re- 
ported after exogenous PTH administration 
(25), while CT infusion at pharmacological 
doses reduced PRL levels (26). From our re- 
sults no direct relationship can be found be- 
tween PTH and CT with PRL levels under 
physiological conditions. Furthermore the 
fluctuations of Ca levels were not correlated 
with the important surge in PRL levels 
during PE. 

Though circulating FSH and LH levels have 
not been measured in our experiences, fluc- 
tuations in CT levels are presumably not di- 
rectly related to LH and FSH secretion as these 
hormones are increased during proestrus (27) 
while the principal fluctuations in CT occur 
during estrus and diestrus. 

During the estrous cycle important fluc- 
tuations of food intake and body weight have 
been reported (28), food intake is decreased 
during estrus and increased during diestrus. 
Therefore the fall in CT level during estrus 
and the rise during diestrus could be in re- 
lation to changes in food intake during the 
estrous cycle. However, it has been shown (29) 
that modifications of the feeding schedule of 
male rats does not alter CT circadian rhythm. 
More probably the variations in plasma CT 
levels during the estrous cycle are the con- 
sequence of a regulation exercised by the cen- 
tral nervous system and/or hypothalamus. The 
identification of specific receptors for calci- 
tonin in the central nervous system and in the 
hypothalamus in particular (30) tends to sup- 
port this hypothesis. 

Previous investigations on the secretion of 
CT in female rats have advocated a protective 
role of the hormone during periods of Ca loss 
such as pregnancy and lactation. Our results 
suggest that during a physiological state in 
which presumably the skeleton is not sub- 

jected to major Ca losses, the important fluc- 
tuations in CT secretion could reflect a role 
of the hormone during the estrous cycle. 

tance. 
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