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SUMMARY

Cholera toxin was added to the culture of fetal rat limb bone and its
effect on calcium release as well as on adenylate cyclase activity was examined.
Cholera toxin increased the content of adencsine 3':5'-monophosphate (cAMP) in
bone. The effect on cAMP was of slower onset and of longer duration as
compared with parathyroid hormone (PTH) effect. PTH added to the tissue which
had been stimulated by cholera toxin increased cAMP further but the effect was
partially additive. In contrary to PTH which caused a clear calcium mobili-
zation, cholera toxin by itself had no effect or rather inhibited the release

of 45Ca from the prelabeled bone. When the toxin 0.1-1 yg/ml) was combined
with PTH (10 U/ml), calcium release stimulated by PTH was completely abolished.

It is well known that parathyroid hormone (PTH) and calcitonin given
in vitro (1,2) or in vivo (3,4) induce an increased adenosine 3':5'-monophosphate
(cAMP) content in the skeletal tissue. However, it has not been explained yet
how cAMP is involved in the action of PTH to increase bone mineral mobilization
and in the opposite action of calcitonin to decrease it. Though the administ-
ration of dibutyryl cAMP in vivo into thyroparathyroidectomized animals mimics
the action of PTH inducing an increased plasma level of calcium (5,6), the
results obtained in vitro on cultured skeletal tissue are complicated (7-10).
Klein and Raisz (8) observed a biphasic action of dibutyryl cAMP on 450a
release from fetal bone and suggested a presence of two different pools of cAMP
related to bone resorption and formation, respectively. Recently, Dietrich
et al (10) raised a possibility that cAMP increased by PTH is related to the
inhibition of osteoblastic activity and cAMP increased by calcitonin to the
inhibition of osteoclastic activity.

In the present study, we examined whether cholera toxin could jnduce
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Fig. 1 Effects of cholera toxin and PTH on cAMP in bone. Rat fetal bone
was cultured in control medium for 24 hours and then either saline (control),
cholera toxin or PTH was added (0 time). A phosphodiesterase inhibitor,
3-isobutyl-1-methyl xanthine 0.5 mM, was added into all incubations 30 min prior
to the end of the reaction. Each mean + SEM is of 4 cultures.

an increased cAMP in the skeletal tissue, and if so, how the change of cAMP
affected bone mineral metabolism. Cholera toxin has been shown to stimulate
adenylate cyclase in numbers of tissues and induce the accumulation of tissue

cAMP (11-18).

METHODS AND MATERIALS

A pair of radius and ulna from each 1imb of fetus of 18-19th day of
gestation was excised and cultured on stainlesssteel grid in 1 ml of Ham F 12
medium {Nissui Seiyaku Co., Tokyo} in an atmosphere of § % C02 and 95 % air at
37°C.  The culture medium was modified to contain 1 mM calcium, 1 % bovine
serum albumin, 5000 (/100 mT of penicillin and 5 mg/100 ml of streptomycin
sulfate. After 24 hours of culture, the medium was changed to the same control
culture medium or containing appropriate addition(s).

To examine the level of cAMP in bone, 0.5 mM of 3-isobutyl-1-methyl
xanthine (Aldrich Chemical Co.) was added to the culture medium 30 min prior to
the termination of reaction. The tissue was homogenized in cold 7.5 % trichlo-
roacetic acid in glass homogenizer, and the extract was shaken for 3 times with
water-saturated ethyl ether and neutralized further with 0.1 M Tris. The form-
ed precipitate was removed by centrifugation and cAMP purified on Dowex 50-X8
(H* form) column was measured by Gilman's method as described elsewhere (19).
Trichloroacetic acid precipitate was dissolved in 1 N NaOH and protein was
determined by the method of Lowry et al (20) using bovine serum albumin as
standard.

To measure the release of calcium, pregnant rat was injected intra-
peritoneally with 300 uCi of 45CaClp (21.4 mCi/mg, New England Nuclear) on 17th
day of pregnancy and was killed 24 hours thereafter. A pair of radius and ulna
from each 1imb of fetus was incubated for 24 hours in control medium as described
above. After this period of preculture, medium, control or containing an appro-
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Fig. 2 Effects of cholera toxin and PTH on 45Ca release from prelabeled bone.
Prelabeled fetal bone was cultured for 24 hours in the control medium,.
Thereafter, the medium containing indicated addition was changed every 24 hours
and 45Ca in it was counted. The percentage release of total 45Ca shown was
determined as described in Methods. Fach mean + SEM is of 4 cultures.

priate addition, was changed every 24 hours for 3 days, and released 45Ca during
each 24 hours was counted in scintillation fluid containing 30 % Triton, 70 %
toluene, 10 mg/100 ml 1,4-bis[2-(5-phenyl oxazolyl)] benzene and 0.4 g/100 m
2,5-diphenyl oxazole. At the end of 3 days of this experimental culture, the
tissue was homogenized in 0.3 ml of water in glass homogenizer and counted for
radioactivity after dissolving in 0.5 ml1 of Protosol (New England Nuclear).
The percentage release of total 45Ca was determined by measured radiocactivity in
both bone and medium and was calculated as follows:
percent release = (medium 45Ca/[medium 45Ca + bone 45Cal) x 100.

PTH (trichloroacetic acid powder, 363 U/mg) and cholera toxin (lot No.
€Z-2820) were purchased from Inolex Corp. and Schwarz/Mann, respectively.

RESULTS

Cholera toxin as well as PTH induced an increased cAMP content in
bone {Fig. 1). The effect of cholera toxin was of slower onset and of longer
duration as compared with that of PTH. The level of cAMP after the addition
of PTH showed a peak at 5 min, leveled off to a half of the peak value already
at 2 hours and was at the base line at 24 hours. On the otherhand, the levels
of cAMP measured at 5 to 7 hours after the addition of cholera toxin were
comparable to that found in the tissue exposed to PTH for 5 min, and stil
significantly higher than base 1ine after 24 hours.

Table 1 shows the effect of varying concentration of cholera toxin as
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Table 1

The cAMP content in the presence of varying concentration

of cholera toxin and/or PTH

Cyclic AMP  pmol/mg protein

Cholera toxin yg/m]

0 0.05 0.5 1.0
None 17.6 +1.2  47.3+2.8  102.6 + 6.0 124.0 + 7.3
PTH 10 U/ml 132.6 + 12.9 177.8 + 14.5

After 24 hours of preculture, media were changed to those containing
cholera toxin at concentrations indicated and incubated for 5 hours thereafter.
PTH was present for the last 5 min.  3-isobutyl-1-methyl xanthine (0.5 mM)
was added to all incubations 30 min before the end of the reaction.

Each mean + SEM is of 4 cultures.

well as combined effect of the toxin and PTH on cAMP., Cholera toxin, at 5
hours after its addition, induced a dose dependent increase of cAMP within the
range of dose examined. When PTH was allowed to work for 5 min on the tissue
which had been stimulated by cholera toxin for 5 hours, cAMP was increased
further but its effect was only partially additive.

Fig. 2 shows the release of calcium from prelabeled fetal bone.
Culture medium containing indicated reagent(s) was changed every 24 hours and
45Ca in it was counted. The stimulation of calcium release by 10 U/ml of PTH
was evident within 24 hours and that by 1 U/ml of PTH was seen after 2nd day of
culture. Cholera toxin, on the otherhand, was not only ineffective on calcium
mobilization by itself but inhibitory to the effect of both high and low doses
of PTH.  The inhibitory effect was complete within 24 hours and continued until
the third day of the culture. The concentration of cholera toxin used induced
an increase of cAMP to the comparable level to that by 10 U/m1 PTH (Fig. 1 and
Table 1}.

822



BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Vol. 78, No. 2, 1977

"$24N3|[ND § 4O SL WIS + UBSW YoBJ  "SPOYIV Ul PI]LUDSIP S PIIR|NI|BD SBM UMOYS B)gy [BI0} SO ISEI(ad
abequaouad 3Yy]  "PouLWAIIIP SBM SUNOY §g AUSAS BULUnNp wnid|ed pasea|dd pue SAep ¢ 40} panULIU0D SeM aunin)
*(S)uoL3Lppe pa3edLpul BuLULBIUOD BSOY3 03 pabueYd 3UdM BLPAW 94N Nd34d JO SUNOY HZ 4334V

L'O+ 1L €0+0°9 L'0+ '8 £0+1t°8 L'0+8°0L 20 +¢€Ll 01
L'0+ 9°L L'0+ L6 270 + §°LL 50
v°0+ 28 9°0 + t°6 80 + 2'LL L0
2L+ 22l 9'0 + 8'LL S0 + 9°2L S0°0
S0+ 9°GL 20+ L8 9°0+ 2§l L0+ 76 9°0 + L'¥L €0+ Ll Lw/6rf o
ULX03 RUB|OY)
+ - + - + -
lw/n oL Hld
S4NoY z/-8y sanoy gh-yz sanoy $z-0

pasesjaJd wnisjey 4

3SE3|a4 WNLD[ED PAaoNpuUl-Hid UO ULXO3 BAD(OYD 4O UOLJBAIUIOUOD BY] 4O 209113

¢ °@1qel

823



Vol. 78, No. 2, 1977 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

The effect of varying dose of cholera toxin on PTH-induced calcium
mobilization is summarized in Table 2. Antagonistic effect was clear by
0.05 ug/ml of cholera toxin already on the first day of addition and was complete
by the presence of 0.1 pg/m] of the toxin. In this experiment, bone cultured
in the presence of 1 pg/ml of the toxin added with or without PTH released Tess

calcium than bone of control culture.

DISCUSSION

Cholera toxin induced an increased cAMP in rat fetal bone culture in
vitro. In an accordance with a characteristic of the toxin response demonst-
rated in a variety of tissues (11-18), the effect was of slow onset and of long
duration. As recent reports from a number of Taboratories have indicated
that most, if not all, of the biological effect of cholera toxin in the intestine
as well as other organs are mediated via cAMP (11-18), we thought cholera toxin
be useful to investigate the role of cAMP in bone mineral metabolism. It was
found that cholera toxin powerfully inhibited the calcium mobilization stimulated
by PTH.  According to the popular hypothesis that cAMP is a second messenger of
PTH action on bone resulting in bone mineral mobilization (21), the fact that
cholera toxin antagonizes PTH effect is difficult to explain and is in marked
contrast to the effects of the toxin observed in the other tissues examined.
Cholera toxin has .been shown to stimulate glycerol production in fat cells (12),
glucose oxidation and colloid droplet formation in thyroid slices (15), glycoge-
nolysis in liver tissue (22}, steroidogenesis in adrenal cells {16) and testoste-
rone production in rat testis (17), thus mimics the hormonal stimulation thought
to be mediated via the adenylate cyclase-cAMP system.

As a combined administration of PTH and cholera toxin exhibited only
a partial additivity on cAMP accumulation, it seems that the adenylate cyclase
of PTH-sensitive cells is stimulated also by cholera toxin. It comes out,
therefore, that the increase of cAMP in the cells including target cells of PTH

by such a ubiquitous stimulator as cholera toxin is not enough to drive the cells
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to mobilize bone mineral. Simply interpreted, the result is consistent with the
notion that cAMP in bone is a second messenger of calcitonin action and its
increase results in the suppression of bone mineral mobilization.

Recently, Luben et al (23) separating two metabolically distinct types
of bone cell population showed that cells possessing adenylate cyclase sensitive
to calcitonin were enriched in cells which expressed the metabolic characteris-
tics of osteoclast and those with PTH-sensitive adenylate cyclase were enriched
in cells characteristic of osteoblast. Their conclusion on the role of cAMP
increased in each cell population by PTH or calcitonin seems to be consistent
with the notion by Dietrich et al (10} that the PTH-stimulated increase in cAMP
might result in decreased ostecblastic activity, whereas the calcitonin-
stimulated increase might result in decreased osteoclastic activity. Such
recent findings suggest that the stimulation by PTH of osteoclastiec bone resorp-
tion is not mediated by c¢AMP.  The finding in the present study that cholera
toxin, probabiy through increased cAMP, inhibited PTH-induced bone resorption
may support their conclusion (10,23) that cAMP suppresses the osteoclastic
activity.

Although the cholera toxin-stimulated adenylate cyclase failed to mimic
the effect of PTH and apparently reproduced the effect of calcitonin in bone,
further study is needed to determine exactly the role of cAMP increased by each
hormone. It seems most interesting to know whether bone mineral mobilization
stimulated by PTH is actually through mechanism independent of cAMP or still
mediated by cAMP working in concert with some signal(s) such as a change of

intracellular calcium concentration (24).
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