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A major action of calcitonin on bone is
the inhibition of bone resorption (1, 2), al-
though it may also stimulate bone formation
(3). Because of the presumed association of
acid and alkaline phosphatases with these
processes, the influence of calcitonin on the
two enzymes was investigated. Acid phos-
phatase, a lysosomal enzyme, has been used
as an indicator of bone resorption, and the
activity of this enzyme is increased in re-
sponse to parathyroid hormone (4). Alkaline
phosphatase, a nonlysosomal enzyme, has
been implicated in bone formation, although
its precise role remains obscure (5). We have
investigated the effects of calcitonin and para-
thyroid hormone on both enzymes, and on
the release of phosphate from bones main-
tained in organ culture.

Methods. Acid and alkaline phosphatase
activities were determined in half-calvaria
taken from 5-day-old mice, either freshly dis-
sected or after 24 or 48 hr of culture. A
stationary culture system similar to that de-
scribed by Reynolds and Dingle (6) was
used with half-calvaria cultured in individual
dishes containing 1 ml medium. The con-
trol culture medium consisted of 95% medium
CMRL 1066 plus 5% heat-inactivated horse
serum.! Penicillin (50 U/ml) and strepto-
mycin (50 pg/ml) were added as antibiotics.
When calcitonin was included in the medium,
a preparation of highly purified salmon
ultimobranchial calcitonin® was dissolved in

1 Culture medium, serum and antibiotic solutions
were obtained from Grand Island Biological Co.,
Grand Island, NY.

2 Salmon calcitonin, Lot UBC 20, kindly provided
by Dr. D. H. Copp, Physiology Department, Univer-
sity of British Columbia, Vancouver 8, British
Columbia.

medium CMRL 1066 and added to the
culture medium at a final concentration of
40 mU/ml. An additional 4.0 mU/ml was
added after 24 hr of culture. A further group
of half-calvaria was cultured in medium con-
taining 0.5 U parathyroid hormone/ml.2
Cultures were maintained at 37.5° for 24 or
48 hr, in an atmosphere of 95% air, 5%
carbon dioxide.

Enzyme assays were performed on bone
extracts, obtained by ultrasonic disruption of
the bone cells, Half-calvaria were immersed
in 2 ml 7.5 mM barbital buffer (pH 7.4)
at 0°, and disrupted for 15 sec with an ultra-
sonic device.* Aliquots of the supernatant
were used for the enzyme assays and total
protein determinations. Acid and alkaline
phosphatase activities were determined by
the method of Lindhardt and Walter (7),
based on the release of p-nitrophenol from
p-nitrophenyl phosphate. Acid phosphatase
was assayed at pH 4.8 (0.05 M citrate buffer)
and alkaline phosphatase at pH 9.5 (0.1 M
bicarbonate-carbonate buffer plus 5.0 mM
magnesium chloride). Total protein was
determined by the method of Lowry et al.
(8). Enzyme activities were calculated as
micromoles of p-nitrophenol liberated per
minute per milligram of protein. Acid phos-
phatase activity in the culture medium was
too low for accurate determination, a diffi-
culty encountered by other workers (4).
Accordingly, enzyme assays were confined to
bone extracts.

The release of calcium and phosphorus
under identical culture conditions was also

and Co,,

3 Parathyroid Lilly
Indianapolis, IN.
4 Biosonik III, Bronwill Scientific Co., Rochester,

NY.

extract, Eli
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TABLE I. Alkaline and Acid Phosphatase Activities of Half-calvaria from 5-Day-Old Mice
Before and After Culture in the Presence of Caleitonin or Parathyroid Hormone.

Enzyme activity®

Change (%)
Ohr 24 hr 48 hr in 48 hr
Acid phosphatase
Control 0.076 =+ 0.002° 0.069 =+ 0.003 0.078 =+ 0.004 +3.1
0.5 U/ml PTH 0.078 =+ 0.007 0.097 =+ 0.008° +28.1
4.0 mU/ml CT 0.092 + 0.006¢ 0.113 + 0.014¢ +50.0
Alkaline phosphatase
Control 1.30 =+ 0.07 1.25 =+ 0.06 1.18 =+ 0.10 —8.5
0.5 U/ml PTH 1.34 =+ 0.10 1.20 =+ 0.09 —17.5
4.0 mU/ml CT 1.29 =+ 0.05 1.53 =+ 0.05° +18.2

¢ Expressed as gmoles p-nitrophenol liberated/min/mg protein.

® Mean + SEM for 6 or 8 experiments.

¢ Significantly greater than initial (0 hr) enzyme activity: p < 0.05; ¢p < 0.02; °p < 0.01.

determined, for a 48 hr culture period only.
The culture media were analyzed before and
after culture for calcium (9) and phosphorus
(10), and the bones were ashed and analyzed
after culture for calcium and phosphorus.
The release of calcium and phosphorus was
calculated as a percentage of that originally
present in each bone.

Results and Discussion. The enzyme activi-
ties prior to culture and after 24 and 48 hr
of culture are recorded in Table I. Bones
cultured in control medium (without added
parathyroid hormone or calcitonin) main-
tained "approximately constant acid phos-
phatase activity during 48 hr of culture,
and there was a small but not significant de-
cline in alkaline phosphatase activity. Para-
thyroid hormone promoted a significant (p
< 0.01) increase in acid phosphatase activity
after 48 hr, relative to initial (0 hr) enzyme
activity. At the same time there was a slight
decrease in alkaline phosphatase activity.
Both alkaline and acid phosphatase activities

of calvaria exposed to 4.0 mU calcitonin/ml
in the culture medium were significantly ele-
vated above control values after 48 hr of
culture. The increase in acid phosphatase
activity (50.09% greater than initial activity,
p value <0.01) was greater than the in-
crease in alkaline phosphatase activity
(18.2%, p value <0.05). The increase in
acid phosphatase activity in response to
calcitonin occurred more rapidly than in
response to parathyroid hormone, but was
not significantly greater after 48 hr.

Parathyroid hormone stimulated an in-
creased release of calcdum and phosphorus
from the bones, relative to control values
(Table II). The release of phosphorus ex-
ceeded that of calcium, on a percentage basis.
Calcitonin promoted an uptake of calcium
by bone from the culture medium and in-
hibited the loss of phosphorus from the bones
to the medium. However, phosphorus was
released from the bones at the same time as
calcium was taken up by the bones.

TABLE IL. Percentage Release in 48 hr of Calecium and Phosphorus from Bones Exposed to
Calcitonin or Parathyroid Hormone.

Caleium Phosphorus Significance level®
Control 11.2 + 0.8? 13.6 += 0.8 ns
0.5 U/ml PTH 16.8 = 1.2 222+ 14 p < 0.02
4.0 mU/ml CT —2.0 0.4 52+ 0.2 p < 0.001

¢ Comparing caleium release with phosphorus release by Students’ ¢ test,
® Mean =+ SEM for 5 or 6 experiments in all cases.
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The increase in alkaline phosphatase
activity produced by calcitonin is consist-
ent with the concept of a stimulus to bone
formation, since alkaline phosphatase activity
tends to be high when bone formation is
rapid (5). However, the elevated acid phos-
phatase activity is contrary to what might
be predicted, since increased acid phos-
phatase activity has been thought to be
associated with an increased rate of bone
resorption (4). The interrelationship be-
tween acid and alkaline phosphatase in bone
is complex and the activity of both enzymes
may be elevated in cases of rapid bone
turnover as in growing animals and in Paget’s
disease (11). In this study, the bone cell
types synthesizing these enzymes were not
identified, and the normal substrates in vivo
are not known. Thus it is difficult to assign
precise roles to these enzymes in bone forma-
tion and bone resorption.

Vaes (12) reported that calcitonin inhibited
the release of 2 lysosomal enzymes, gB-
glucuronidase and N-acetyl-g-glucosaminidase
from bones exposed to both parathyroid hor-
mone and calcitonin in culture. However,
Reynolds (13) did not observe any inhibition
by calcitonin of vitamin A-stimulated lyso-
somal enzyme release. Thus the question of
the effect of calcitonin on lysosomal enzymes
has not been fully resolved, and in the
present study the increased acid phosphatase
activity in the bones may have resulted
from an inhibition of the release of lysosomal
enzymes from the bone cells.

Talmage (14) proposed that calcitonin is
primarily a phosphate-regulating hormone
and should stimulate “an enzyme concerned
with phosphate release from organic com-
ponents.” Such a role for acid phosphatase
(or alkaline phosphatase) could explain the
release of phosphorus from bones at the
same time as calcium was being taken up.

CALCITONIN AND BONE PHOSPHATASES

Summary. Calcitonin promoted an increase
in both alkaline and acid phosphatase
activities of half-calvaria from 35-day-old
mice when the bones were cultured for 48
hr. Calcitonin inhibited the release of phos-
phorus from bones, relative to the release
from control and parathyroid hormone-
treated bones, and promoted an uptake of
calcium from the culture medium. The re-
sults support the concept of a role for
calcitonin in phosphate metabolism.
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