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A B S T RA C T To examine the relative importance of
calcium and gastrin in regulation of calcitonin secre-
tion, we administered graded oral doses of calcium
to 10 normal men, ages 23-29 yr. Each subject had
previously shown an appropriate increase in calcitonin
secretion in response to a pharmacologic (0.5 ,ug/kg)
pentagastrin injection. On separate days and in random
order, each man drank 250 ml of distilled water con-
taining 0.0, 0.5, 1.5, and 3.0 g of elemental calcium
as the gluconate salt. Blood samples were drawn before
and at 30, 60, 90, 120, 180, and 240 min after the oral
calcium dose. The samples were analyzed for calcium
by atomic absorption spectroscopy, and for gastrin and
calcitonin by radioimmunoassays of established sensi-
tivity and specificity. Ingestion of water (control) caused
no change in any of the three variables. Calcium in-
gestion resulted in dose-related increases, within the
normal range, of all three variables. Immunoreactive
gastrin rose promptly, peaking at 30 min, and returning
to basal levels or below by 120 min. In contrast, calcium
and immunoreactive calcitonin levels rose slowly and
in parallel, peaking at 120-240 min. Changes in cal-
citonin and changes in calcium were strongly and posi-
tively correlated, r = 0.73, when all data were pooled.
Furthermore, individual linear regressions for changes
in calcitonin and calcium levels (calculated separately
for the three oral calcium doses in each subject) had
positive slopes in 28 out of 30 sets (P < 0.01). The
changes in calcitonin concentrations were much more
poorly correlated with the corresponding changes in
serum gastrin levels; in fact, the regression coefficient
was weakly negative, r = -0.20. These results show that,
at least in young adult men, changes of ambient cal-
cium concentration within the normal range may be of
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major importance in physiologic regulation of calcitonin
secretion. The findings are consistent with the hypothe-
sis that calcitonin functions to prevent excessive post-
prandial hypercalcemia.

INTRODUCTION

Pharmacologic doses of calcium and gastrin are known
to be calcitonin (CT)' secretagogues in normal man (1),
and animal studies (2, 3) suggest that gastrin might
be a major physiologic regulator of CT secretion. How-
ever, a recent study from this laboratory (4) showed
that mixed meals, which markedly stimulated gastrin
secretion but did not raise serum calcium levels, had
no effect on plasma immunoreactive CT (iCT) con-
centrations in normal men. These results suggest that
the gastrin-CT interaction observed in animals, and in
patients with the Zollinger-Ellison syndrome (5), may
have little or no physiologic significance in normal
adult men. Questions have also been raised as to
whether physiologic changes of Ca are of importance
to CT secretion, because most investigators have been
unable to detect increases of iCT after oral Ca feeding
in man (6, 7).

The present study further examines the relative im-
portance of calcium and gastrin in the regulation of
CT secretion. Wemeasured the changes in peripheral
blood levels of Ca, serum immunoreactive gastrin (iG),
and iCT after Ca ingestion in 10 healthy young men.
The results show that, in young men, increases of iCT
are strongly correlated wth changes in serum Ca levels,
but not with the changes in iG levels. These findings
suggest the hypothesis that Ca is a major physiologic
regulator of CT secretion in normal men.

I Abbreviations used in this paper: CT, calcitonin; iCT,
plasma immunoreactive CT; iG, serum immunoreactive
gastrin.
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METHODS

The paid volunteers were all males between the ages of 23
and 29 yr and were selected from a group of 20 Mayo Medical
School students. They had all had a recent normal health
examination at the Mayo Clinic and were taking no medica-
tions. All subjects gave informed consent to the studies, which
were performed in the Clinical Research Unit at St. Mary's
Hospital. After an overnight fast, each volunteer was given
a single bolus intravenous pentagastrin injection, 0.5 ,ug/kg
in 0.9% NaCl (Peptavlon, Ayerst Laboratories, New York).
Of the 20 students screened, all 20 had basal iCT levels that
were detectable in our assay, and all but 5 showed a signif-
icant increase in iCT levels 2 min after the pentagastrin in-
jection. From this group, we selected the 10 menwho showed
the greatest absolute increase in iCT. For this study group,
the mean basal iCT +SD was 31±+12 pg/ml (range, 20-63
pg/ml), and the mean value after injection was 71+20 pg/ml
(range, 43-111 pg/ml).

Oral calcium studies
All studies began after an overnight fast and before 0900.

The subjects stayed recumbent during the study period. Blood
was drawn from an indwelling venous catheter placed in the
forearm of each subject at least 20 min before the first sample.
In random order and on separate days (at least 5 d apart),
each subject was given orally, 250 ml of distilled water con-
taining 0.0, 0.5, 1.5, and 3.0 g Ca as the gluconate salt. Blood
samples were drawn before and at 30, 60, 90, 120, 180, and
240 min after Ca ingestion. Blood samples were kept on ice
during the study period, and plasma or serum separated from
the cells at the end of each study. Samples were then stored
at -20°C for no more than 6 wk before analysis.

Analytical methods
Plasma immunoreactive calcitonin. Wemeasured iCT by

the method of Heath and Sizemore (1), which has been de-
scribed in detail. Briefly, antiserum G1701 (goat anti-human
CT), used at a final dilution of 1:40,000 has major immuno-
chemical specificity for the amino acid sequence region 11-28
of human CTmonomer (1). Synthetic human CT (Ciba-Geigy
Corp., Summit, N. J.) was used for standard and tracer (1311).
The limit of detection for these assays averaged 20 pg/ml of
plasma; inter- and intra-assay coefficients of variation for the
plasma internal reference standard were <5%. All samples
from each subject were assayed together, and no iCT values
fell below the detection limit.

Serum iG. We measured iG by a previously described
radioimmunoassay (5) using rabbit anti-human G-17 gastrin
serum 3439 (4) at a final dilution of 1:150,000. All samples
from each subject were assayed together; inter- and intra-assay
coefficients of variation were <10% for these studies.

Serum Ca. Serum Ca was measured by atomic absorption
spectroscopy (Perkin-Elmer Corp., Norwalk, Conn.) (8), nor-
mal adult range, 8.9-10.1 mg/dl.

Statistical analyses. Data were analyzed by a variety of
techniques, including t test, signed rank test, and least-squares
linear regression (9). Because of the relatively small sample
size, our statistical consultant regarded multivariate analyses
as inappropriate for these data.

RESULTS

The results of this study are summarized in Fig. 1,
which shows mean changes in Ca, iCT, and iG for all
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FIGURE 1 Effects of oral calcium ingestion in normal men.
Mean changes in serum Ca, (ACa, A), iCT (AiCT, B), and iG
(AiG, C) are plotted vs. time after ingestion of 0.0 g (0), 0.5 g
(0), 1.5 g (A), and 3.0 g Ca (A) in 10 normal male volunteers.
Statistically significant differences from corresponding control
values are indicated by: +, P < 0.05; x, P < 0.01; *, P < 0.001.
Standard errors of the meanare shown at representative points.

10 subjects during the 4 h after water or Ca ingestion.
Ingestion of water (control) caused no change in any
of the measured variables. In contrast, after Ca inges-
tion, there were significant, dose-related increases of
mean Ca levels, which reached a maximum at 2-3 h.
It is important to note that these increases remained
within the physiologic range in 9 out of 10 of the sub-
jects studied, with the maximum Ca observed in the
10th subject being only 10.2 mg/dl. There were con-
sistent, dose-related, and statistically significant in-
creases in mean iCT levels, which closely paralleled
the time-course of changes in Ca, also reaching a maxi-
mumat 2-3 h. Calcium ingestion also produced modest,
but statistically significant increases of endogenous iG
levels. However, these small changes in iG were maxi-
mal at 30 min and had returned to or below basal levels
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FIGuRE 2 Changes in iCT (AiCT) plotted vs. the correspond-
ing changes in serum Ca after Ca ingestion. The data repre-
sent the responses of all 10 subjects to each of the three oral
Ca doses at all time intervals studied. The linear regression
was calculated by the method of least squares.

by 180 min, when iCT and Ca concentrations were
greatest.

It is apparent from Fig. 1 that the observed changes
in iCT were more closely correlated with the changes
of serum Ca levels than with the corresponding changes
in iG concentrations. This impression is confirmed by
pooling the data and analyzing AiCT as a function of
ACa (Fig. 2). Regression analysis yielded a regression
coefficient of +0.73. Furthermore, when the individual
responses of each subject to each of the three Ca doses
were analyzed separately, 28 out of 30 sets showed a
positive correlation between AiCT and ACa. These re-
lationships were significant for all three Ca doses by
the signed rank test (0.5 g Ca, P < 0.05; 1.5 and 3.0 g
Ca, P < 0.01). In contrast, the correlations between
AiCT and AiG were weakly negative in the pooled
data as well as individually in 30 out of 30 cases.

DISCUSSION
In pharmacologic doses pentagastrin is a well-known
CT secretagogue (1-4), and many studies suggest that

endogenous gastrin levels could play a major role in
regulating CT secretion (5, 10). Wehave demonstrated
that in normal young men, ingestion of Ca resulted in
dose-related increases of circulating Ca, iG, and iCT
concentrations. However, the iCT changes were posi-
tively correlated both in time and magnitude with the
corresponding changes of serum Ca, not iG levels. A
possible interpretation of these data is that the early
increase of iG levels caused a prolonged increase of
CT secretion, which fortuitously paralleled the slow
rise in serum Caconcentration. However, Owyang et al.
(4) showed that pharmacologic doses of pentagastrin
caused prompt increases in iCT levels, which returned
to basal levels as rapidly as did immunoreactive penta-
gastrin concentrations. Furthermore, they observed
that test meals, which did not change serum Ca but
did result in large, prolonged increases of endogenous
gastrin levels (about fivefold greater than in our study),
were not associated with detectable increases in iCT.
It remains possible that even the small changes we
saw in endogenous gastrin play a role in regulation of
CT secretion by somehow sensitizing the C cells to
changes in ambient Ca concentrations. However, we
are not aware of experimental evidence to directly sup-
port this hypothesis.

Our data show that, in healthy young men, changes
of Ca concentrations within the physiologic range are
associated with parallel changes of iCT levels. In con-
trast, Ca-induced rises of iG could not be correlated
in time or magnitude with changes of iCT. Webelieve
a conservative interpretation of these and other data
(1, 4) is that in normal men, ambient Ca is a major
regulator of CT secretion. While we suspect that the
findings described here are applicable to women as
well as men, the lower iCT in female subjects (1) makes
this difficult to verify. The relative CT deficiency seen
in women may also explain why other investigators
(6, 7) have not regularly found increased iCT after oral
Ca. In any case, the results are consistent with the
hypothesis that CT functions to prevent excessive post-
prandial hypercalcemia in man (10-13).
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