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Summary. Prostaglandins have been shown to 
stimulate osteoclastic bone resorption in organ cul- 
ture but morphologic studies of isolated osteoclasts 
have shown a transient calcitonin-like inhibiting ef- 
fect of these agents. We looked for a dual effect on 
bone resorption by comparing the early and late ef- 
fects of prostaglandin E1 (PGE1), prostacyclin 
(PGI2), 6~-carbaprostaglandin I2 (C-PGI2), a carbon 
substituted analog of PGI 2, and salmon calcitonin 
(CT) on the release of previously incorporated 45Ca 
from fetal rat long bones cultured in the presence of 
an inhibitor of cyclooxygenase, RO-20-5720. Ex- 
periments were performed in both the presence and 
absence of PTH (400 ng/ml), which was adminis- 
tered 24 hours before addition of prostaglandins or 
CT. In control cultures not stimulated by PTH, CT 
(100 mU/ml) produced significant decreases in 45Ca 
release at 48, 72, and 96 hours while PGE~ (10 -6 
M), PGI2 (10-5), and C-PGI2 (10 -6 M) each pro- 
duced significant increases in resorption at 24 
through 96 hours. PGE~ at 10 -5 M, but not 10 6 M, 
caused a significant decrease in medium 45Ca of 
21% at 1 and 2 hours. Medium calcium measure- 
ments suggest that the change in 45Ca was due to 
inhibition of release and not to increased uptake. 
PGI2 (10 .5 M) and C-PGI2 (10 -6 M) caused no sig- 
nificant inhibitory effect. In cultures stimulated by 
PTH, CT produced significant inhibition of bone 
resorption of 6 through 96 hours, but no inhibition 
of bone resorption was noted at either early or late 
time points with PGE1, PGI2, or C-PGI2. Moreover, 
the addition of PGI2 (10 .5 M) to PTH-treated cul- 
tures actually enhanced 45Ca release beginning to 6 
hours, when PGI2 alone had no effect upon bone 
resorption. These results confirm that high concen- 
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tration of PGI2 can stimulate bone resorption and 
show a similar response to a stable analog, C-PGI2. 
Moreover, PGI2 was found to enhance PTH-stimu- 
lated bone resorption. A small transient inhibition 
of 45Ca release was observed with a high concentra- 
tion of PGE1 (10-5 M) in the absence of PTH, 
which could be due to a transient direct inhibitory 
action upon osteoclasts. 
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The prostaglandins represent an important group of 
cyclic fatty acids which affect virtually every organ 
in the body. In skeletal tissue, there is increasing 
evidence for a major local regulatory role for pros- 
taglandins in bone remodeling [1]. Prostaglandins, 
particularly those of the E series, are potent bone 
resorbing agents [2]. The resorptive effects of pros- 
taglandin E 2 and El (PGE2 + PGE1) are similar, al- 
though PGE2 is somewhat more potent.  Other 
stable prostanoids and their metabolites are less ac- 
tive [2-5]. Stimulation of bone resorption is also 
observed with repeated or continuous administra- 
tion of prostacyclin (PGI2), although the highly un- 
stable nature of this compound makes it difficult to 
determine its potency precisely [6, 7]. While stimu- 
lation of bone resorption by prostaglandins might 
be due to a direct effect of these agents on osteo- 
clasts, the response could depend on an initial in- 
teraction with osteoblasts, leading to production of 
an intermediary humoral factor [8]. 

More recent studies have indicated that certain 
prostaglandins, the most potent being PGI2 and 
PGE1, as well as a stable analog of PGI2, 6~x-carba- 
p r o s t a g l a n d i n  I 2 (C-PGI2), will cause a transient de- 
crease in the cytoplasmic motility of isolated osteo- 
clasts [9, 10]. This effect differs only in duration 
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from the more prolonged morphological change ob- 
served when isolated osteoclasts are treated with 
calcitonin (CT), a well-known inhibitor of  bone re- 
sorption [11]. This similarity between the effects of 
prostaglandins and CT on isolated osteoclasts has 
led to the suggestion that an early and perhaps di- 
rect regulatory action of  prostaglandins might be in- 
hibition of  bone resorption. 

The present study was undertaken to compare 
the early and long-term effects of PGI2, PGE1, and 
C-PGI2 on the release of  previously incorporated 
45Ca from cultured fetal rat long bones. Experi-  
ments were performed with CT for comparison and 
in the presence and absence of  parathyroid hor- 
mone (PTH). All studies were carried out in the 
presence of  RO-20-5720 (carprofen), an inhibitor of 
prostaglandin cyclo-oxygenase,  which was added 
to minimize the possibility that endogenous prosta- 
glandins had already engaged receptors involved in 
early prostaglandin effects or produced down-regu- 
lation of the response to exogenous prostaglandins. 

Materials and Methods 

Experimental Protocol 

The culture procedures used in the study have been described 
previously [12]. Fetal rat bones were labeled by subcutaneously 
injecting 100-200 ixCi of 45Ca (New England Nuclear Corpora- 
tion, Boston, MA) into pregnant rats on the 18th day of gesta- 
tion. On the 19th day the fetuses were removed and the radius 
and ulna were dissected free of muscle; cartilage and the four 
bones from each fetus were cultured for 18-24 hours in 0.5 ml 
BGJ medium (Fitton-Jackson Modification; Grand Island Bio- 
chemical Co., Grand Island, NY) containing 1 mg/ml bovine 
serum albumin (Sigma Chemical Co., St. Louis, MO) at 37~ in 
an atmosphere of 5% CO2. Bones were then transferred to fresh 
culture medium which contained either 10 -5 M RO-20-5720 
(Hoffman-LaRoche, Nutley, NJ) or 10 -5 M RO-20-5720 plus 400 
ng/ml PTH (Bovine, 1-34; Boehringer Mannheim Biochemicals, 
Indianapolis, IN) for a 24 hour period. This was followed by 
subsequent medium changes for up to 96 hours into culture me- 
dium which contained the same agents as in the initial 24 hour 
treatment period plus additions of either of the other prosta- 
glandins--10 -6 or 10 5 M PGE1, 10 -5 M PGI2, 10 -6 M C-PGI2 
(kindly supplied by Dr. John Pike of the Upjohn Company), or 
100 mU/ml Salmon CT (Armour Pharmaceuticals, Kankakee, 
ILL Due to its instability (a chemical half-life of 2-3 minutes at 
neutral pH), PGI2 was added to individual culture dishes at the 
time of each exchange in 5 txl 0.1 M Na2CO3. Vehicle alone was 
added to control cultures. 45Ca was measured in 0.1 ml medium 
and in bones following extraction with 5% TCA. Release of 45Ca 
was expressed as the cumulative % of total bone radioactivity 
released into culture medium beginning at the time of prosta- 
glandin or CT addition. Total medium calcium was measured 
fluorometrically using a Coming calcium analyzer, Model 940. 

Statistical Analysis 

Statistical analysis of multiple treatment groups was performed 
using a two-way analysis of variance after logarithmic, transfor- 
mation of data [13]. Where a significant F was observed, the 
least significant difference was used to determine significance 
between treatments and control. For two group analysis, the 
Student's t test was used to determine significance between 
treatment and control. 

Results 

Tables 1 and 2 show the cumulative % of total bone 
45Ca released when PGI2 (10 -5 M), C-PGI2 (10 -6 
M), PGE1 (10-6), and CT (100 mU/ml) are added to 
fetal rat long bones treated with RO-20-5720 (10 -5 
M) or RO-20-5720 (10 5 M) plus PTH (400 ng/ml). 

In the absence of  PTH, no significant changes in 
45Ca release were noted in prostaglandin-treated 
groups after 30 minutes, 1 hour or 6 hours of cul- 
ture (Table l). In contrast, significant increases in 
45Ca release were observed at 24 through 96 hours 
with each of  the prostaglandins t es ted- -PGI2  (10 5 
M), C-PGI2 (10 -6 M), and PGE1 (10 -6 M). The re- 
sponses observed with PGE~ (10 6 M) and PGI2 
(10 -5 M) are in close agreement with 45Ca release 
data reported for these agents in previous studies 
[6]. Bone resorption with C-PGI2 (10 6 M) was 70% 
of that elicited by an equal concentration of PGE~ 
(10 -6 M). Salmon CT (100 mU/ml) treatment pro- 
duced significant decreases in resorption at 48, 72, 
and 96 hours in control cultures, but not at earlier 
time points. 

When PTH (400 ng/ml) had been added during 
the previous 24 hours (Table 2), 45Ca release was 
substantially greater, and no inhibition of  45Ca re- 
lease was observed in any treatment groups at 30 
minutes or 1 hour. Moreover, no significant effects 
on 45Ca release were observed  at 6 through 96 
hours with PGE1 (10 -6 M) or C-PGI2 (10 -6 M). 
H o w e v e r ,  the  a d d i t i o n  o f  PGI2 (10 s M) to 
PTH-(400 ng/ml) treated cultures led to an enhance- 
ment  of  the rate of  45Ca release beginning at 6 
hours. This difference was maximal to 48 hours and 
persisted, although by 96 hours the bones treated 
with PTH alone had approached the rate with PTH 
plus PGI2. In cont ras t ,  the addit ion of  CT (100 
mU/ml) to PTH-(400 ng/ml) treated fetal long bones 
produced significant decreases in bone resorption 
beginning at 6 hours of  culture. After 24 hours the 
rate of  resorption began to increase, indicating the 
onset of  escape, although cumulative 45Ca release 
remained less with CT than with PTH alone. 

Because of the small decrease in 45Ca release ob- 
served after l hour of  treatment with PGI2 (10-5 M) 
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Table 1. Effects of PG12, C-PGI2, PGEI, and CT on 45Ca release from fetal rat long bones treated with R0-20-5720 (10 -5 M) 

Cumulat ive % 45Ca released 

Treatment 1/2 h 1 h 6 h 24 h 48 h 72 h 96 h 

Control  .32 • .03 .57 • .04 2.08 + .13 5.94 • .40 10.64 _+ 0.77 15.51 • 1.37 19.81 • 2.10 
PGI2 (10 5 M) .28 • .03 .48 -+ .03 1.99 • .12 8.07 • .51 b 22.50 • 1.80 b 40.50 • 3.35 b 51.42 _+ 4.29 b 

C-PGI2 (10 6 M) .30 • .03 .55 • .04 1.92 _+ .16 7.96 -+ .87 a 19.43 _+ 2.72 b 35.31 • 5.29 b 47.92 • 6.85 b 
PGE~ (10 6 M) .31 • .03 .54 -+ .03 1.96 _+ .14 12.36 • .29 b 31.53 • 1.15 o 53.54 • 2.64 b 68.51 • 3.30 b 
CT (100 mU/ml) .30 _+ .04 .60 • .04 2.22 • .14 4.93 -+ .46 6.96 • 0.68 b 8.33 • 0.80 o 9.82 _-2- 0.90 o 

Values are mean • SE for 8 - 1 6  cultures 

a Significantly different from control,  P < .05; b p < .01 

Table 2. Effects of PGI,_, C-PG1,_, PGEI, and CT on 45Ca release from fetal rat long bones treated with R0-20-5720 (10 5 M) and PTH 
(400 ng/ml) 

Cumulat ive % 45Ca released 

Treatment l/2h 1 h 6 h 24 h 48 h 72 h 96 h 

PTH alone 1.05 • .10 1.95 • .20 9.27 • .87 36.80 ~ 3.05 62.01 + 4.01 77.41 _ 3.99 82.87 • 3.95 
PTH + 

PGI2 (10 5 M) 1.26 _+ .06 2.24 • .07 12.17 • .46 b 49.70 z 2.65 o 79.10 + 3.35 a 90.89 -- 2.56 94.00 • 2.12 

C-PGI2 (10 6M) 1.05 • . l l  1.84 + .17 9.33 • .95 37.51 --_ 3.45 62.09 • 4.22 76.13 • 4.41 81.87 __+ 4.35 

PGE~ (10 6 M) 1.06 • .06 1.88 • .12 10.05 • .87 40.35 • 3.34 67.60 • 4.77 81.90 • 4.69 87.45 • 4.24 

C T ( 1 0 0 m U / m l )  0.91 • .08 1.61 • .11 5.13 • .39 b 12.79 • 1.15 b 27.11 • 2.52 b 47.16 • 4.30 b 63.36 • 5.22 a 

Values are mean • SE for 8 -16  cultures 

a Significantly different from control,  P < .05; b p < .01 

in initial studies, additional experiments were per- 
formed to investigate the early effects of prosta- 
glandin administration. Table 3 shows the cumula- 
tive % of 45Ca released at 1 and 2 hours when high 
concentrations of PGI2 (10 5 M) or PGEI (10 s M) 
were added to fetal long bones t reated with 
RO-20-5720 (10-5 M). The decrease in 45Ca release 
after 1 or 2 hours of exposure to PGI2 (10 -5 M) was 
less than 10% and was not significant. The decrease 
in 45Ca release observed at both 1 and 2 hours with 
PGEI (10 -5 M) was 21% and was statistically signif- 
icant when compared to control resorption (P < 
.01). Moreover, inhibition was seen in each of four 
experiments. PGEI did not produce any early inhi- 
bition in PTH-treated cultures even at 10 5 M (data 
not shown). 

To test whether these small decreases in 45Ca re- 
lease reflect an inhibition of calcium release and not 
an increase in calcium uptake, total medium cal- 
cium was measured after 2 hours of culture in this 
second series of experiments. Mean values were 
5.36 • .03 mg/dl for controls and 5.33 • .04 mg/dl 
for cultures treated with PGE1 (10 -5 M). 

Discussion 

The present studies were undertaken to test the hy- 

Table 3. Effects of PGI2 and PGE~ on 45Ca release from fetal rat 
long bones treated with R0-20-5720 (10 -5 M) 

Cumulat ive % 45Ca re leased 

Treatment 1 h 2 h 

Control .57 • .03 1.31 ___ .07 
PGI2(10 SM) .52 • .03 1.22 _+ .05 

Control  .62 • .03 1.18 ___ .05 
PGE~ (10 5 M) .48 • .02 b 0.93 _ .03 b 

Values are means • SE for 23-30  cultures 
b Significantly different from control,  P < .01 

pothesis that prostanoids produce an initial inhibi- 
tory effect on bone resorption, based on the report 
of morphologic changes in isolated osteoclasts 
which resemble those in response to calcitonin 
[9-11]. We compared direct addition of PGI2 with 
addition of PGE1, which is a known potent stimu- 
lator of bone resorption and structurally similar to 
PGI2. We also tested C-PGI2, a stable analog in 
which the oxygen bridge is replaced by a carbon 
bridge. Bones were pretreated with an inhibitor of 
prostaglandin cyclooxygenase in order to minimize 
the effects of endogenous products. We had ob- 
served previously that fetal rat long bone can pro- 
duce substantial amounts of PGE 2 and 6-keto 
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PGFI~, the stable metaboli te  of  PGI2, f rom labeled 
arachidonate [6]. Studies with calvaria and isolated 
bone cells have confirmed this and have indicated 
tha t  PGI2 m a y  be  one  o f  the  m o s t  i m p o r t a n t  
products  of  arachidonic acid metabol ism in bone 
[14, 15]. 

The inhibitory effects of  prostanoids on bone re- 
sorption in this model sys tem were minimal. The 
only significant effect was that of  a high concentra-  
tion of  PGE1 (10 -5 M) which produced a transient 
21% inhibition of  45Ca release at 1 and 2 hours f rom 
bones  p r e t r e a t e d  only  with a p ros tag land in  cy- 
c looxygenase  inhibitor and not with PTH.  None  of 
the compounds  tested inhibited 45Ca release f rom 
bones that had been pre t rea ted  with PTH and were 
undergoing rapid resorption.  Calcitonin produced a 
more marked  and prolonged inhibition of resorpt ion 
in both systems,  although in the PTH-st imulated 
sys tem there was evidence of escape after 12 hours. 
The decrease in 45Ca release seen with PGE1 ap- 
pears to be due to decreased bone resorpt ion rather 
than increased redeposi t ion of 45Ca since there was 
a 21% decrease in radioactivity with no decrease in 
medium calcium concentrat ion.  A parallel decrease 
should have occurred if the effect was due solely to 
an increase in calcium movemen t  f rom medium to 
bone. 

Although slightly lower mean values of  45Ca re- 
lease were observed at 1 and 2 hours with PGI  2, 
significance was not obse rved  at e i ther  t ime in- 
terval. Increased calcium uptake has been reported 
in rat calvaria discs after a 30 minute exposure  to 
PGI2 [16]. Such r edepos i t i on  of  ca lc ium should 
have enhanced an inhibitory effect of  PGI2 upon 
45Ca release. 

It  is difficult to assess the physiologic importance 
of the small inhibitory effect that was observed with 
PGEI  in unst imulated cultures. Concentrat ions em- 
ployed were high and no inhibition was observed at 
a concentrat ion (10 6 M) that produced near  max- 
imal resorp t ion  responses  to PGE1 in more  pro- 
longed cul ture .  The  d i s c r e p a n c y  b e t w e e n  these  
studies and observat ions  with isolated osteoclasts  
could be  due to the e f fec ts  o f  o the r  bone  cells 
p resen t  in the organ culture sys tem.  It  has been  
sugges ted  tha t  p r o d u c t s  of  o s t eob l a s t s  or o the r  
bone  cells can o v e r c o m e  these  inhibi tory effects  
and may  in fact be the mediators  of  stimulation of 
bone resorpt ion not only by prostanoids,  but also 
by PTH.  Moreover ,  the small inhibition of  45Ca re- 
lease observed with PGE~ may  not be due to an ef- 
fect upon osteoclasts ,  but to an effect upon other 
b o n e  cel ls ,  o c c u r r i n g  p e r h a p s  as a r e su l t  of  a 
change in calcium flux. Regardless of  the mecha- 
nism, this effect could represent  a transient local 

regulatory action of  prostaglandins,  and might play 
a significant role in bone remodeling and calcium 
homeos tas i s .  Other  in vitro and in vivo sys tems ,  
which are more sensitive for the detection of early 
effects on osteoclast ic bone resorpt ion,  should be 
used to assess this role. 

The results of  this s tudy confirm previous studies 
indicating that PGI2 can stimulate bone resorpt ion 
[6, 7]. Moreover ,  in addition to the stable sulfur an- 
alog previously tested,  a carbon analog of  PGI  z can 
affect the system. Of  part icular  interest  was the en- 
hancemen t  of  the bone  resorp t ion  rate  obta ined  
with high concentrat ions of  PGI2 in bones which 
had been already t reated with P T H  for 24 hours. 
This effect appeared  to be more  than additive at 6 
and 24 hours.  The enhancement  could be the re- 
sults of  the involvement  of  different cyclic AMP 
pathways  by the two compounds .  In isolated bone 
cells and os t eosa rcoma  cells, PGE2 and P T H  have 
different effects on cyclic AMP-dependent  protein 
kinase I and I I  [17]. Interact ion of  prostanoids and 
P T H  on osteoblasts  might result in the product ion 
of an increased amount  of  mediator  of  bone resorp- 
tion. In previous studies we demonst ra ted  a syner- 
gistic enhancement  of  resorpt ion of  fetal rat long 
bones using low concentrat ions of  endotoxins and 
either PGE2 or P T H  [18]. However ,  in these studies 
submaximal  concentrat ions of  PGE2 and P T H  were 
not synergistic. Further  studies are needed to de- 
termine whether  the apparent  synergism observed 
in the present  study is limited to high concentrat ion 
of PGI2 or can be produced by other  prostanoids.  
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