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ABSTRACT
Vitamin D and cyclic AMP changes in response to calcitonin injection were studies
in three normal adults and one patient with osteogenesis imperfecta. Plasma
1,25-(OH),D levels increased in one normal adult and the patient. Plasma 25-OHD lev-
els did not change. Plasma cyclic AMP was decreased in all four subjects, but urine
cyclic AMP did not change. These results suggest that calcitonin may affect plasma
cyclic AMP and may have some affect on renal la-hydroxylation in humans.

There have been several studies on the effect
of calcitonin (CT) on vitamin D and cyclic AMP
(cAMP) metabolism. However, its exact role is
still controversial*’*®, Recently we observed
that plasma 1,25-(OH),D levels were clearly
depressed during the first month of CT thera-
py and then became and remained normal in pa-
tients with osteogenesis imperfecta (OI)”. Thus,
the acute and chronic effects of CT on vitamin
D metabolism in humans may differ. The present
study was undertaken to evaluate the acute ef-
fect of CT on vitmain D metabolism and cAMP
in healthy adults and one patient with OI.

MATERIALS AND METHODS

Three healthy male volunteers aged 31, 33 and
35 years and one patient with OI aged 14 years
were studied after informed consent was ob-
tained. They were instructed to fast from 9 p.m.
of the previous day to 12 p.m. of the day of ex-
amination. At 9 a.m., blood was drawn and
urine was collected, and 100 Medical Research
Council units of porcine calcitonin (Armour Phar-
maceutical Company) was injected intramuscu-
larly. CT was injected 1.5 months after the
cessation of CT therapy in one OI patient. Blood

and 1-hr urine samples were collected before in-
jection and 38, 6, 12 and 24 hr later. Blood sam-
ples were analyzed for 1,25-(OH),D, 25-OHD,
cAMP, PTH, Ca, P, and creatinine. Urine sam-
ples were analyzed for cAMP, Ca, P, and creati-
nine. The diet contained adequate amounts of
Ca, P, and vitamin D. Ca, P, and creatinine in
serum and urine were measured by standard au-
toanalyzer techniques. The percent tubular reab-
sorption of phosphorus (%TRP) was calculated.
Serum PTH was measured by RIA with an an-
tibody (Immuno Nuclear Corporation, USA)
recognizing the C-terminal PTH. Serum PTH
levels in normal adults were less than 0.5 ng/ml.
cAMP was determined by RIA (Yamasa Shouyu
cAMP kit, Japan). CAMP levels in plasma and
urine in normal adults were 18-40 pmol/ml and
4-15 umol/g creatinine, respectively. Plasma
25-O0HD and 1,25(0OH),D were measured by
competitive protein-binding assay, as previous-
ly described by our group''®. The adult control
values during entire year were: mean normal
value of 25-OHD, 20.4 * 9.0 ng/ml [range,
8.4-38.6 ng/ml; n=20); and mean normal value
of 1,25-(OH),D, 36.8 = 16.0 pg/ml [range,
12.0-69.7 pg/ml; n=25]"". Samples for each
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study were processed in the same assay.

RESULTS

The changes of the metabolites of vitamin D
after CT injection are showing in Fig. 1. Plas-
ma 1,25-(OH),D concentrations were increased
in one normal adult and the OI patient. Plasma
25-OHD values remained normal after CT injec-
tion in all four subjects. Plasma cAMP values
were decreased 6-12 hr after injection in all sub-
jects (Fig. 2). Urinary excretion of cAMP did not
change following CT administration in all sub-
jects. Serum Ca levels were decreased 6-12 hr
after injection in two controls and after 3 hr in
the patient. Serum PTH values were increased
in these three subjects. Serum levels of P did
not change after injection. Urinary excretion of
Ca were increased after 3 hr in two controls and
after 12 hr in the patient. Those of P were
slightly increased after 12 hr in all controls and
after 3-12 hr in the patient with OI. %TRP was
decreased 3-12 hr in all four subjects.
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Fig. 1. Influence of CT on plasma 1,25-(OH),D
and 25-OHD in three healthy adults (O, @, o) and
one patient with osteogenesis imperfecta (m).

DISCUSSION
The effect of CT on vitamin D metabolism is
controversial, although several animal studies
and three investigations in humans, including
our previous study, have been reported'**®. In
animal studies, Rasmussen et al'® observed that
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Fig. 2. Influence of CT on plasma cAMP and se-
rum PTH and Ca in three healthy adults (O, @,
o) and one patient with osteogenesis imperfecta

(m).

in vitro administration of CT depressed
1,25(OH),D synthesis in isolated chick renal
tubules. Kawashima et al® reported that in
vitro CT selectively stimulated 1-hydroxylation
in the proximal straight tubules of vitamin D-
deficient rat kidney by a mechanism independent
of adenylate cyclase activation.

In vivo studies of CT’s effect on vitamin D
metabolism have also been reported®**®. CT
stimulated the in vivo conversion of 25-OHD into
1,25<(OH),D in vitamin D-deficient rats with an
intact thyroparathyroid system, but this CT ef-
fect disappeared when the parathyroid glands
were removed®. These results indicated that
the stimulatory effect of CT on 1,25-(OH),D
synthesis was due mainly to a secondary
response to the parathyroid glands. However,
Horiuchi et al® observed that CT enhanced in
vivo 1,25-(OH),D synthesis even in vitamin D-
deficient thyroparathyoidectomized rats and that
this stimulatory effect was not mediated by
cAMP; this is in accord with the in vitro obser-
vation of Kawashima et al®.

In human studies, Lee et al” found that
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chronically elevated endogenous CT did not af-
fect serum 1,25-(OH),D and 25-OHD concentra-
tions in patients with medullary carcinoma of the
thyroid. Emmertsen et al®, on the other hand,
reported that serum 1,25(OH),D levels were in-
creased and 25-OHD levels were decreased in
medullary carcinoma of the thyroid. The reasons
for the discrepancy between these two similar
studies are not known. In our previous study
high or normal plasma levels of 1,25-(OH),D be-
fore CT therapy were decreased after one month
of therapy and remained normal thereafter in
Ol patients, and plasma 25-OHD values re-
mained normal during CT therapy®. Our results
indicate that the acute and chronic effects of CT
on vitamin D metabolism may differ. The
chronic effect of CT may be in accord with the
observation of medullary carcinoma of the
thyroid by Lee et al”. In this study, plasma
1,25-(OH),D concentrations were increased in
one normal adult and one OI patient, and
25-OHD did not change. This study is different
from our previous reports of the acute effect of
CT on plasma 1,25-(OH),D in OI patients and
from experimental animal studies, except those
of Rasmussen et al'”. These discrepancies may
be due, in part, to differences in investigative
conditions, although a reasonable comparison
may be difficult to draw between human studies
and animal studies. For instances, this study was
performed in normal adults and one OI patient,
whereas our previous study was done in six OI
patients. The doses of CT injected might be
small in this study. Animal studies were per-
formed in vitamin D-deficient states with or
without thyroparathyroidectomy®***'?, but hu-
man studies were performed in normal vitamin
D states®™.

No consistent abnormalities of biochemical
values were reported in OI during chronic ad-
ministration of CT®. The acute effects of CT
administration include not only increases in plas-
ma cAMP and in urine Ca and P but also
decreases in serum Ca and in %TRP**®. Uri-
nary excretion of cAMP has been reported to
be unchanged or increased in acute studies of
CT**®, These findings are similar to those in
this study except for plasma cAMP. In this
study, plasma cAMP levels were decreased af-
ter CT injection. The effect of CT on plasma
cAMP may be direct and not a consequence of

PTH secretion due to hypocalcemia, since plas-
ma cAMP increases after PTH injection in nor-
mal humans”. The exact mechanism of this
change is not clear.

In any event, since there are still many differ-
ent observations of acute and chronic effects of
CT on vitamin D metabolism and cAMP, further
studies are needed to clarify these problems.

REFERENCES

1. Caniggia, A., Gennari, C., Lore, F., Nuti, R.
and Gall, M. 1980. Effects of parathyroid hor-
mone and calcitonin of plasma and nephrogenous
cyclic adenosine-3’, 5’-monophosphate in normal
subjects and in pathological conditions. Eur. J.
Clin. Invest. 10: 99—105.

2. Emmertsen, K., Melsen, F., Mosekilde, L.,
Lund, B.J., Sorensen, O.H., Nielsen, H.E.,
Solling, H. and Hansen, H.H. 1981. Altered
vitamin D metabolism and bone remodelling in
patients with medullary thyroid carcinoma and
hypercalcitoninemia. Metab. Bone Dis. & Rel.
Res. 4: 17-23. :

3. Galante, L., Colston, K.W., MacAuley, S.J. and
Maclntyre, 1. 1972. Effect of calcitonin on vita-
min D metabolism. Nature 238: 271—273.

4. Gennari, C., Toccafondi, R., Rotella, C.M.,
Francini, G., Brandi, M.L. and Maioli. 1983.
Salmon calcitonin and ¢GMP production by hu-
man kidney: studies in vivo and in vitro. Calcif.
Tissue Int. 35: 273—278.

5. Horiuchi, No., Takahashi, H., Matsumoto, T.,
Takahashi, N., Shimazawa, E., Suda, T. and
Ogata, E. 1979. Salmon calcitonin-induced stimu-
lation of 1a,25-dihydroxycholecalciferol synthesis
in rats involving a mechanism independent of
adenosine 8’:5’-cyclic monophosphate. Biochem. J.
184: 269—275.

6. Kawashima, H., Torikai, S. and Kurokawa, K.
1981. Calcitonin selectively stimulates
25-hydroxyvitamin Ds-1a-hydoxylase in proximal
straight tubule of rat kidney. Nature 291:
327—329.

7. Lee, S., Morimoto, S., Onishi, T., Tsuji, Y.,
Okada, Y., Seino, Y., Ishida, M., Yamaoka, K.,
Takai, S., Miyauchi, A. and Kumahara, Y. 1982.
Normal serum 1,25-hydroxyvitamin D in patients
with medullary carcinoma of the thyroid. J. Clin.
Endocrinol Metab. 55: 361—363.

8. Lorenc, R., Tanaka, Y., DeLuca, H.F. and
Jones, G. 1977. Lack of effect of calcitonin on
the regulation of vitamin D metabolism in the rat.
Endocrinology 100: 468—472.

9. Nishi, Y., Hyodo, S., Yoshimitsu, K., Sawano,
K., Yamaoka, K., Seino, Y. and Usui, T. 1984.
Vitamin D metabolism in osteogenesis imperfec-
ta during calcitonin therapy. Pediatrics 73:
538—542.

10. Rasmussen, H., Wong, M., Bikle, D. and



280

11.

12.

Y. Nishi et al

Goodman, D.B.P. 1972. Hormonal control of the
renal conversion of 25-hydroxycholecalciferol to
1,25-dihydroxycholecalciferol. J. Clin. Invest. 51:
2502—2504.

Seino, Y., Shimotsuji, T., Ishida, M., Ishii, T.,
Yamaoka, K. and Yabuuchi, H. 1980. Vitamin
D metabolism in hypophosphatemic vitamin D-
resistant rickets. Contr. Nephr. 22: 101—106.
Seino, Y., Shimotsuji, T., Yamaoka, K., Ishida,
M., Ishii, T., Matsuda, S., Ikehara, C. and
Yabuuchi, H. 1980. Plasma 1,25-dihydroxyvitamin
D concentrations in cords, newborns, infants, and
children. Calcif. Tissue Int. 30:1-3.

13.

14.

15.

Seino, Y., Ishida, M. and Yamaoka, .K. 1982.
Serum calcium regulating hormones in the perina-
tal period. Calcif Tissue Int. 34: 131—1835.
Shimotsuji, T. and Seino Y. 1980. Competitive
protein binding assay for plasma 25-hydroxychole-
calciferol. Methods Enzymol. 67: 466-472.

Suh, S.M., Firek, A.F.,, Kim, D.H. and
Ramanathan, S. 1981. Urinary excretion of cy-
clic nucleotides and phosphate in response to
parathyroid hormone and calcitonin in man.
Pediatr. Res. 15: 1359—1362.



