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ABSTRACT. Prostaglandins (PG’s) stimulated
resorption of fetal rat bone in 48-96 hr tissue
culture. The effects of several PG’s were com-
pared to the stimulation of bone resorption
caused by parathyroid hormone (PTH). PGE,
and PGE. caused increased release of previously
incorporated radioactive calcium into the me-
dium, losses of stable and labeled Ca from the
bone and morphologic changes of osteoclastic
resorption at 10-3-10-%M. The effects of PGE,
and PGE. were similar to those of PTH (10—

10-3M) but in some experiments the effects «f
maximal doses of PTH were larger at 48 hr. Lik.
PTH. the effects of PGE,; were inhibited by thyp..
calcitonin and cortisol. PGA; and PGF,, alu
stimulated bone resorption but only at high...
doses (10-¢M). In vivo studies demonstrated th;
injections of PGE, in parathyroidectomized ya:.
did not increase serum calcium concentratii s
while parathyroid extract (4-40 U/rat) wax ¢:.
fective. (Endocrinology 86: 1436, 1970)

HE HYPOTHESIS that stimulation
of bone resorption by parathyroid hor-
mone (PTH) depends upon the activation
of cellular adenyl cyclase which results in
an increase in the concentration of cyclic
adenosine-3’,5-monophosphate (cAMP) is
supported by a number of recent studies (1-
8). Wells and Lloyd found that theophyl-
line increased the serum calcium concentra-
“tion in parathyroidectomized rats (1).
Chase, Fedak and Aurbach (2) then showed
that PTH activated adenyl cyvclase in ho-
mogenates of fetal rat calvaria, and later
found that incubation of calvaria with PTH
increased the concentration of cAMP in
this tissue (3). Although no stimulatory ef-
fect of cAMP on bone resorption has been
demonstrated, the 6-N,2’-O-dibutyryl de-
rivative (DB-cAMP) has been observed to
mobilize calcium in intact rats (4, 5) and to
stimulate resorption of cultured fetal bone
(6-8). '
Recently, Aurbach and Chase found that
several peptide hormones other than PTH
did not affect the concentration of cAMP
in fetal rat bone (3), but that prostaglandin
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(PGE,) and epinephrine increased cAMYP
concentration. PGE, has similar effects on
cAMP concentration in spleen, diaphragm
and lung (9). These observations led us 1o
study the effect of prostaglandins on bone
in tissue culture. In the present study, the
effects of several prostaglandins on bon.

resorption were found to be similar to those
of PTH and, like PTH, the effects were in-
hibited by thyrocalcitonin and cortisol.

Materials and Methods

Tissue culture studies. The culture technique
used has been described previously (10, 11.
The shafts of the radius or ulna of 19-day rat
fetuses were prelabeled by injecting the preg-
nant rats with #Ca (0.5 mCi/rat) 24 hr prior
to sacrifice. Bones were incubated in 0.5 ml of
a chemically defined culture medium (BGJb.
Grand Island Biological Company) supple-
mented with 1 mg./ml bovine serum albumin
fraction V (Pentex). ¥Ca was counted by liquid
scintillation and stable calcium measured by
atomic absorption spectrophotometry. Prosta-
glandins® were either added to the culture
medium directly at low concentrations or first
dissolved in alcohol at 40 pg/ml and then
diluted with the medium. ‘Alcohol was added
to the control media. Epinephrine (Sigma Com-

: PGE,, PGE., PGA, and PGF, were kindly pre-
vided by Dr. John E. Pike of The Upjohn Com-
pany, Dr. Frank Carusc of Bristol Laboratories.
and Dr. Julius Cohen of the University of Rock-
ester.
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{yany), cortisol (Upjohn Company), porcine
i -hyrocalcitonin (50 MRC U/mg, kindly pro-
‘.ided by Dr. John Bastian of the Armour
‘ pharmaceutical Company), partially purified
-t thyrocalcitonin (5 MRC U/mg) and puri-
sed bovine PTH (10002000 U,;mg, kindly
rovided by Dr. William Y. W. Au) were used.

In vivo studies. Male Sprague-Dawley rats
seighing 200-220 g were parathyroidectomized
w dissection. Ether anesthesia was used. Two
lays later control serum samples for calcium
nalysis were obtained by orbital puncture.
»arathyroid extract (100 U ml, Lilly) or PGE,
1 mg ml dissolved in absolute alcohol) was
iluted with saline and administered subcuta-
wously in a single 0.5 ml injection. The control
mnimals received saline alone. A second serum
ample was obtained 2 or 5 hr after injection.
\ similar second experiment was performed on
‘hese rats one week later.

Results

Tissue culture studies. The ability of PGE,
md PGE. to stimulate the release of pre-
viously incorporated #Ca from fetal bones
1 two-day cultures was similar to that of
narathyroid hormone {Table1). These pros-
-aglandins showed near-maximal effects at
10->m which did not increase or decrease at
-oncentrations up to 10-"M. Low doses of
PGE, were more effective ona weight basis
and possibly on a molar basis than PTH,
but large doses of PTH caused a somewhat
greater maximal effect than large doses of
prostaglandins. High concentrations of
PGE, did not inhibit the effect of a max-
:mal dose of PTH nor potentiate the effects
of lower doses of PTH. PGA, was less ef-
fective than PGE. but did increase resorp-
tion at 10-°M. Epinephrine had no effect at
10-5 or 10 "M.

The PTH and prostaglandins caused

parallel losses of ¥Ca and total stable cal-
cium from the bone (Table 2), indicating
that these agents increased net resorption
and not simply the rate of exchange of la-
heled calcium in the bone with stable cal-
dum in the medium. In this experiment
PGE, was slightly more effective than
PGE, at 10-"M. PGF,, (10-°M) caused an
increase in the releage of #Ca which was ap-
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“TaBLE 1. Effects of PTH, prostaglandins and
epinephrine on #Ca release by embryonic bone
during two-day organ culture

Treatment - % Increase in
$Ca release
relative to

- Addition (ug/ml) (M) untreated
control
Experiment I
PTH 1.0 1X10-7 52 + 20*
PTH 0.3 3 X107? 42 +21
PTH 0.1 1 X103 6 +16
PGE. 1.0 1 xX10™> 45 £15*
PGE. 0.4 1 xX107" 30 £ 11~
PGE, 0.04 1 X110~ 41 =17
PGE; 0.004 1 X107 32= 9
PGE. 0.4 1<107?
+PTH 1.0 1X10°7 63 = 4*
+PTH 0.3 3 X10-3 19 £ 26
+PTH 0.1 1 x10°* 21 +20
Experiment I
PTH 3.0 3 X10°7 96 +17*
PTH 1.0 1 X10°7 44+ 5*
PTH 0.3 3 X1073 34 +11°
PGE, 0.4 1 X107® 31+ 8*
PGE, 0.004 1 X107 26+ 7"
PGE, 0.0004 1 xX10~* 11+ 5
PGE, 0.00004 1 X109~ 9+ 5
PGE. 0.4 1 X10-" 23+12
PGE. 0.004 1 X100 21 + 5*
PGA, 0.4 1 X107% 19+ 6~
PGA, 0.004 1 X107 -2+ 3
EPI 1.8 1 X110~ 5= 2
.018 —4x 3

EP1

1 X110+

Individual bones were incubated in 0.5 ml of
media containing the indicated additions. Data are
presented as the mean +SE of the ¢¢ difference in
release of ¥Ca for 4 paired sets of treated and con-
trol bones. For these studies, PGE, and PGE,,
supplied by the Bristol Laboratories, were used.
Molar concentrations were based on the following
approximated molecular weights: PTH 10,000;
PGE 400: epinephrine (EPI} 180.

* Significantly different from paired control
cultures, p <0.05.

parently too small to change Ca content of
the bone significantly.

The time course of the response to max-
imally effective doses of PTH, PGE, and
PGE. was examined (Table 3). Each com-
pound caused the continuous resorption of

bone and the cumulative results at four

days were not significantly different. At
two dayvs, however, PTH treated bones had
released significantly (p <.05) more +Ca
than bones treated with PGE; or PGE..
The morphologic effects of these agents
were similar (Fig. 1), consisting of patchy
areas of bone loss in the center of the shaft.
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TaBLE 2. Effects of PTH and prostaglandins on %Ca release, and final bone content of Ca++

KLEIN AND RAISZ

Volume g

and %,

Media analysis
“¢ difference in
#Ca release

Treatment

Ca*~ content

Bone analysis

T
Final bone “¢ Difference

“¢ Difference
In final

in final
4.

»g/bone bone Ca++ 5Ca in bone
PTH 3 pg/ml M -

74+ .8 —16+7
Controls 8.9+ .7
PGE, 0.04 ug/ml 48 +11* 7.4+ .2 —15 +5* —17 +5¢
Controls 8.8+ .4
PGE. 0.04 ug /ml 29 ~ 14 8.2+.9 - 8+5 -11 =<5
Controls 9.1+-.9
PGE,, 0.4 ug ‘ml 20 = 3* 8.4+ .7 - 6=3 —4=3
Controls 9.0~ .7

pairs of bones, or for 4 individual bones for Ca-

In this study each bone was incubated for 4 days. Data are the mean =SE of the '] difference .
~ content.

* Significantly different from paired control cultures, p <.05.

Histologically, these areas showed osteo-
clastic resorption.

Both rat and porcine thyrocalcitonin
(TCT) blocked the stimulatory effects of
PGE, at concentrations similar to those
which blocked PTH (Table 4) and, as
observed previously (12;, both had similar
effects on a weight basis, although the por-
cine material was more potent by in vivo
assay.

Addition of cortisol at 10~ and 10-m
also blocked the stimulatory effects of
PGE, (Table 5). These concentrations
were previously found to inhibit the stim-
ulation of bone resorption by PTH (13, 14).

In vivo studies. Parathyroidectomized rats
that were fasted overnight had an average
serum calcium concentration of 4.7 mg’
100 ml. Although PTE (4-40 U, rat)
treatment increased the serum calcium con-

TaBLE 3. Effects of PTH, prostaglandins E, and E.

centration, PGE, (4 and 40 ugh treatmen:
did not increase calcium at five hours, A
small increase in calcium was observed tw..
hours after treatment with 40 ug of PGE..
In the second experiment rats were given
400 pg of PGE, and serum was obtained
two hours later. Serum calcium concentra-
tion decreased significantly. The treaicd
animals were obviously ill, which migh:
have been related to the hypotensive effects
of PGE, at high doses (15).

Discussion

The evidence presented shows that pros-
taglandins can stimulate the release of
previously incorporated +Ca from embry-
onic bones in tissue culture. These agenis
caused a parallel reduction of total and
labeled calcium content of bones and pro-
duced morphologic changes similar to those
caused by parathyroid hormone, indicat-

: on the cumulative release of $Ca during a four-day

organ culture

Cumulative 7. difference in #Ca release relative to controls

Treatment - e ——— — —-
0-24 hr 0-48 hr 0-72 hr 0-96 hr
T . T ——— _— -
PTH 3 ug/ml (4) 19+1 41 +9 66 +18 79 £23
PGE, 0.4 ug/ml (4) 11+2 28 +2 58+ 3 80+ 3
PGE: 0.4 pg/ml (4i 15+6 24 +7 51+ 9
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Fic. 1. Photograph of ane set of bones from experi-
ment detailed in Table 3. Bones were fixed in for-
naldehyde and photographed using transillumina-
‘inn. Density at ends is largely due to hypertrophic
artilage, which becomes opaque on fixation.

ng that they directly stimulated bone re-
sorption in vitro. The responses to PTH
wmd  prostaglandins were similar, but
maximal doses of PTH sometimes pro-
duced a larger effect in two days than maxi-
mal doses of prostaglandins. PGE, and
PGE. were effective at concentrations
aslow as 10-*M. PGA, and PGF, were less

faBLE 1. Inhibition of PGE, and PTH stimulated
hone resorption by rat and porcine
thyrocalcitonin {TCT;

", Increase in *Ca re-
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"Group lease relative to
control values
PGE, (0.4 gg/ml; 12 + 5%
~Rat TCT (1.6 pg/ml, 83
~Porcine TCT (1.0 pg /ml: 11 +6
PTH (2 pg‘ml; 48 = 1*
-Rat TCT (1.6 ug ml. 6=3
~Porcine TCT (1.0 ug ‘mh 10 -6

means =SE for 4 pairs of bones.
* Significantly different from

Bones were incubated for 48 hr. Data are

paired control

-ultures, p <.025, and ‘from cultures with TCT,

2 <.05.
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TasLE 5. Inhibition of PGE, stimulated bone
resorption by cortisol

% Increase in %Ca re-
lease relative to
control values

Group

- PGE,; (0.048 pg/ml) (8) 56 +25*
+Cortisol 107 (4) 6+ 4
+Cortisol 1075 (4; 18+ 7

Bones were incubated for 48 hr. The data are
means =SE. Numbers in parentheses indicate the
number of pairs of bones in each treatment group.

* Significantly different from control. p <.05.

effective. showing small effects at 10 -*m.

Prostaglandins have been shown to in-
crease cAMP content of fetal rat bone as
well as other tissues (3, 9), and it is reason-
able to assume that the prostaglandins also
increased cAMP concentration in our ex-
periments. The failure of epinephrine to
stimulate bone resorption, despite its abil-
ity to increase cAMP concentrations in
other bone preparations, is unexplained.
In the present experiments, epinephrine
may have been ineffective because it was

TaBLE 6. Comparison of the effects of parathyroid
extract (PTE} and PGE, on serum calcium
of parathyroidectomized rats

Effect of treatment on plasma

Treatment calcium (A mg/100 ml
group - e e o
2 hr 5 hr
Experiment I
Control -0.2+0.2(4). —0.2+0.2 (4
PTE (40 U, 1.3+0.1 (44~ 2.6+0.3 (3:*
PTE (4 U) —_ 1.1+0.3 (6:*
PGE, (40 ug) 0.5+0.1 (4) 0.0+0.1 (5:
PGE, (1 pg) 0.2x0.2 (1) 0.0£0.2 (4
Experiment Il
Control - -0.2+0.1 (8;
PTE. 40 U, 1.0+0.1 (70*
PGE, (400 ug; —~0.8+0.2 (8;*

Rats were parathyroidectomized 2 days prior to
Experiment I ‘and pretreatment serum calcium
samples were obtained 1 hr prior to injection of
saline, PTE or PGE,. The average pretreatment
value was 4.7 mg /100 ml. Individual animals were
bled only once post treatment. Rats from Experi-
ment I were used 1 week later in Experiment 11I.
At that time the average pretreatment serum cal-
cium value was 7.1. Data are means +sg of the
difference between the pre- and post-treatment
serum calcium values of individual animals. Num-
ber of animals/group is in parentheses.

* Statistically significant change in serum cal-
cium concentration compared to saline treated
control, p <.05.
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degraded during incubation, or because
epinephrine in this system did not elevate
cAMP concentrations.

The site of action of prostaglandins is
unknown. The similar effect of inhibitors
of bone resorption on bones treated with
PGE, or PTH and the absence of any
synergistic or inhibitory interaction are
consistent with the hypothesis that they
act by the same or closely related mechan-
Isms to elevate cAMP concentrations in
bone cells. In previous studies we found
that DB-cAMP, which stimulated bone
resorption in tissue culture, was ineffective
at high concentrations (7, 8). Moreover, ad-
dition of stimulatory concentrations of
DB-cAMP could inhibit the response to
PTH (in preparation). One explanation
of this interaction was that two antago-
nistic systems regulating bone resorption
existed which were both stimulated by
cAMP. This type of relationship was not
found with PGE, and PTH. Unlike DB-
¢AMP, which stimulated resorption over a
narrow dose range of 1 to 3 X10-*M and lost
effectiveness at 10-*M (8), prostaglandins
stimulated bone resorption over a wide
range (10*—10-"M). If two cAMP-acti-
vated antagonistic systems regulating bone
resorption exist, only one seems to be
stimulated by PG’s.

Aurbach and Chase found that TCT did
not alter cvclic AMP content of bone or

adenyl cyclase activity in homogenates of -

bone (2, 3). TCT was antagonistic to the
effects of PTH and prostaglandin on cul-
tured fetal rat bones but it also inhibits
resorption stimulated by vitamin D and
other agents and probably acts on a separ-
ate system and not on adenyl cyclase. The
effects of cortisol on bones treated with
PGE, and PTH were similar and this ob-
servation may be a useful tool in further
analyzing the mechanism of action of this
inhibitor of bone resorption. :

The inability of PGE, to raise serum
calcium concentration in vivo, despite its

KLEIN AND RAISZ

Volume gg

great potency in tissue culture, is unex-
plained. Possibly PGE, is very rapidiy
degraded in vivo and reaches bone at con-
centrations which are insufficient to cause
release of calcium. Massive doses Were
found to have toxic effects which may have
prevented the observation of effects ¢
serum calcium. On the basis of these fin.
ings, prostaglandins probably do not -
as humoral regulators of bone resorption:
or of serum calcium concentration. Hon.
ever, prostaglandins could have imporiay;
local or pathological effects on bone resury.
tion. Prostaglandins can be produced |-
tumors, including medullary carcingma-
of the thyroid, which also produce thyr.
calcitonin, and the interrelation betweer
these agents deserves further study (16 .
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