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Abstract

PTHwas studied for its effects on bone formation in cultured
rat calvariae. 0.01-10 nMPTH stimulated [Hjthymidine in-
corporation into DNAby up to 4.8-fold. Although continuous
treatment with PTHfor 24-72 h inhibited [3Hlproline incorpo-
ration into collagen, transient (24 h) treatment enhanced 1H1-
proline incorporation into collagen 24-48 h after the hormone
was removed. The collagen stimulated by PTHwas type I and
the effect was observed in the periosteum-free bone and was
not blocked by hydroxyurea. Furthermore, treatment with
1-100 nMPTH for 24 h increased insulin-like growth factor
(IGF) I concentrations by two to fourfold, and an IGF I anti-
body prevented the PTHstimulation of collagen synthesis, but
not its mitogenic effect. In conclusion, continuous treatment
with PTH inhibits calvarial collagen, whereas transient treat-
ment stimulates collagen synthesis, and the stimulatory effect
is mediated by local production of IGF I.

Introduction

Although the regulatory actions of PTH on bone resorption
and mineral metabolism are well established, its effects on
bone formation are complex and not well characterized (1-3).
PTH stimulates bone cell replication in vitro, but continuous
exposure to PTH results in decreased collagen synthesis in
cultured calvariae (4, 5). In contrast, in vivo studies have
shown that PTH increases bone formation (6, 7). This anabo-
lic effect of PTHseems to be observed mostly after its adminis-
tration at low or intermittent doses, suggesting that high or
continuous doses of PTH cause additional or different effects
on bone formation, possibly related to its catabolic actions (6,
8, 9).

Because the present therapy for osteoporosis is unsatisfac-
tory, there have been clinical trials using PTH for the treat-
ment of this disease. Clinical studies indicate that by increasing
initial absorption of calcium and by stimulating new bone
formation, PTHcan restore spinal bone in patients with osteo-
porosis (7). However, the discrepancy between the anabolic
and inhibitory effects of PTHhave not been resolved and the
mechanism of the anabolic response is not understood.
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The skeletal tissue is a rich source of growth factors and
bone cells have been shown to synthesize insulin-like growth
factor (IGF)' I, a known stimulator of bone cell replication
and matrix synthesis (10-13). Because PTH was recently
shown to stimulate the synthesis of IGF I in rat osteoblast-
enriched cells, it is possible that IGF I mediates the anabolic
effects of PTHon the skeletal tissue (14).

These studies were undertaken to characterize the stimula-
tory and inhibitory actions of PTH on bone formation. For
this purpose, we assessed the direct effect of PTH on bone
DNA, collagen, and noncollagen protein synthesis in rat cal-
varial cultures and attempted to determine whether any of
these effects were mediated by the local production of skeletal
IGF I.

Methods

Culture model
The culture system used was previously described in detail (13).
Briefly, one or two half calvariae from 2 1-d fetal rats were cultured in
sterile 25-ml flasks containing 2 ml of Biggers Gwatkin medium as
modified by Fitton Jackson (BGJ) supplemented with 1 mMunlabeled
proline, 0.1 mMthymidine, and heat-inactivated (60'C/2 h) BSA (4
mg/ml; Armour Pharmaceutical Co; Kankakee, IL), but no serum. To
study effects on IGF I concentrations, calvariae were cultured in the
absence of albumin or serum. The flasks were gassed with 5%CO2 in
air, sealed, and placed in a continuously shaking water bath at 370C for
a 24-h pre-culture period. Calvariae were then cultured in control or
test medium for an additional 24-72-h period. Rat synthetic 1-34 PTH
(Calbiochem-Behring Corp., La Jolla, CA) and hydroxyurea (Sigma
Chemical Co., St. Louis, MO)were added directly to BGJ medium. A
neutralizing-monoclonal K IgG antibody to human IGF I, which had
some cross-reactivity with IGF II, and was kindly provided by J. J. Van
Wyk (University of North Carolina, Chapel Hill, NC) (15), and a
monoclonal K IgG antibody against a thymocyte surface antigen (T-8)
generated under the same conditions and kindly provided by B.
Haynes (Duke University, Durham, NC) were tested at a 1: 1,000 dilu-
tion and added directly to BGJ medium. At this dilution the IGF I
antibody has been shown to be neutralizing (15) in other systems and
to block the effect of added IGF I (10 nM) on calvarial DNAand
collagen synthesis (data not shown).

DNAsynthesis
DNAsynthesis was studied by examining effects on [3Hjthymidine
incorporation into DNA. [methyl-3H]Thymidine (5 ACi/ml; specific
activity 60-80 Ci/mmol; New England Nuclear, Boston, MA) was
added during the last 60 min of the culture period. Calvariae were
washed with cold 5% TCA, acetone, and ether; the bones were then
dried and weighed and the incorporated radioactivity was determined

1. Abbreviations used in this paper: BJG, Biggers Gwatkin medium
modified by Fitton Jackson; CDP, collagenase-digestible protein; IGF,
insulin-like growth factor; NCP, noncollagen protein.
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after digesting them with NCS tissue solubilizer (Amersham Corp.,
Arlington Heights, IL). Data are expressed as disintegrations per min-
ute per microgram dry weight or as percent of control after dry weight
correction.

Histology and mitotic index
To study effects on cell mitosis, calvariae were cultured and N-deace-
tyl-N-methylcolchicine (Colcemid, 4 X 10-6 M; Gibco Laboratories,
Grand Island, NY) was added for the last 3 h of the culture period.
Calvariae were fixed in neutral formalin, embedded in paraffin, stained
with hematoxylin-eosin and sections examined at a magnification of
250-400. Metaphase-arrested cells were counted in at least two ran-
dom cross-sections taken from control or treated bone explants. Data
are expressed as number of mitoses/section of half calvaria.

Collagen and noncollagen protein synthesis
Effects on newly synthesized collagen were determined by studying the
incorporation of [2,3-3H]proline (specific activity 25-40 Ci/mmol;
New England Nuclear) into total collagen and into type I collagen.
Labeled proline (5 ACi/ml for total and 50 MCi/ml for type I collagen
experiments) was added for the last 2 h of the culture period.

(a) Total collagen synthesis. Calvariae were extracted as described
for DNAlabeling and homogenized in 0.5 Macetic acid. An aliquot
was incubated with repurified bacterial collagenase (CooperBiomedi-
cal, Inc., Malvern, PA) and the labeled proline was incorporated into
collagenase-digestible protein (CDP) and noncollagen protein (NCP)
was measured according to the method of Peterkofsky and Diegel-
mann (16). Data are expressed as disintegrations per minute per mi-
crogram dry weight or as percent of control after dry weight correction.
Percent collagen synthesis was calculated after multiplying NCPby 5.4
to correct for the relative abundance of proline in collagen and non-
collagen protein ( 17).

(b) Type I collagen synthesis. Calvariae were rinsed with saline (9
g/liter NaCl), homogenized as a pool in 0.5 Macetic acid, digested with
1 mg/ml pepsin (Sigma Chemical Co.) over a 12-16 h period at 4VC
and neutralized with sodium hydroxide. An aliquot representing one
half calvaria and a radioactive type I collagen standard was dissolved in
sample buffer and the collagen chains were separated on a 6% poly-
acrylamide gel, according to a modification of the method described by
Sykes et al. (18). 2-Mercaptoethanol was applied to half of the samples
60 min after the electrophoresis was started (reduced collagen),
whereas the other half was not treated (unreduced collagen). At the
completion of the electrophoresis, the gels were fixed and the protein
profiles were displayed by fluorography.

Effects on periosteum and periosteum-free calvaria
These experiments were performed to compare effects on periosteal
tissue, rich in fibroblasts and osteoprogenitor cells, with those on the
central calvaria which is rich in osteoblasts (19, 20). Intact bones were
cultured and [3Hlthymidine or [3Hlproline was added for the last 60 or
120 min of the incubation period, respectively. Calvariae were washed
with saline and the periosteum was removed from the superior and
inferior surfaces of the bone with a scalpel blade. The incorporation of
[3H]thymidine into DNAand of [3H]proline into CDPand NCPwere
independently determined in the periosteum and in the central bone or
periosteum-free calvaria. Data are expressed as desintegrations per
minute/half calvaria.

IGF I assay
IGF I concentrations were measured in the incubation medium after
the 24-h pre-culture period to eliminate exogenous IGF I of maternal
or fetal origin (1 1). IGF I was separated from its binding protein(s) by
acidification (1 Macetic acid final concentration) followed by size-ex-
clusion ultrafiltration using a 10,000-mol wt cut-off filtration device
(UFP 1 LGC; Millipore Corp., Bedford, MA). Using this procedure,
recovery of added IGF I was 80-100%. IGF I, freed from its binding
protein, was quantitated by RIA using a rabbit polyclonal antibody to
human IGF I prepared by L. Underwood and J. J. Van Wyk and

distributed by the National Hormone and Pituitary Program (Balti-
more, MD), and a rat IGF I standard that was purified in our labora-
tory as previously described (1 1). The rabbit antiserum has 0.5%
cross-reactivity with IGF II and cross-reacts minimally with insulin.
Data are expressed as nanograms per milliliter of IGF I, and as nano-
molar concentrations.

Statistical methods. Data are expressed as mean and SEM. Statisti-
cal differences were analyzed using t test.

Results

DNAsynthesis and cell replication
PTH caused a dose-related stimulation on [3H]thymidine in-
corporation into acid-precipitable material (DNA) in calvariae
treated for 24 h (Fig. 1). The effect was observed at concentra-
tions as low as 0.01 nM, and at 10 nMPTH increased DNA
labeling by 4.8-fold. Treatment with PTH at 1 nM for 24 h
increased the number of metaphase-arrested cells after colce-
mid treatment from a control value of (mean±SE; n = 4)
3.5±0.6 to 6.3±0.7 mitoses/section (P < 0.05), a stimulation
that was observed only in the periosteal layer.

Collagen and noncollagen protein synthesis
(a) Continuous PTH treatment. Continuous treatment with
PTH for a 24-h period decreased the incorporation of [3H]-
proline into CDPand to a lesser extent into NCP; therefore,
the percent of collagen synthesized was decreased (Fig. 2). The
inhibitory effect of PTHwas observed at doses as low as 1 pM,
and at 0. 1 nM it decreased the labeling of CDPby - 50%. The
inhibitory effect of PTH on the incorporation of [3H]proline
into CDPwas observed only after continuous exposure to the
hormone and was detected for a 72-h period of treatment (Fig.
3). The dose response curve was similar after 24 or 72 h of
continuous PTH treatment, and at 72 h PTH concentrations
of 1O pM to 10 nM inhibited CDPlabeling by 28-44% and the
percent of collagen synthesized by 19-45%, indicating that the
inhibitory effect of PTH was more selective for collagen. In
addition, the effect was observed in the presence of a concomi-
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Figure 1. Effect of PTHon [3H]thymidine incorporation into acid-
precipitable material (DNA) in cultured calvariae. Symbols and ver-
tical lines represent mean values and SE for five to six half calvariae
cultured for 24 h in the continuous presence of PTH. Data were cor-
rected per bone dry weight (disintegrations per minute/wt). Values
for all doses of PTHare significantly different from control, P < 0.05.
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Figure 2. Effect of continuous treatment
with PTHon [3H]proline incorporation
into CDPand NCP, and on the percent of
collagen synthesized in cultured calvariae.
Symbols and vertical lines represent mean
values and SE for 3-10 half calvariae cul-
tured for 24 h in the continuous presence
of PTH. Data for the labeling of CDPand
NCPwere corrected per bone dry weight
(disintegrations per minute/wt) and were
pooled from two experiments. All values
for the effect of PTHon [3Hlproline incor-
poration into CDPand for percent colla-
gen synthesis and value for PTHat 0.1 nM
on [3H]proline incorporation into NCPare
significantly different from control,
P < 0.05.

tant increase in [3H]thymidine incorporation into DNA; how-
ever, continuous exposure to PTH for 48-72 h caused a

smaller stimulation of DNAsynthesis than treatment for 24 h
(Fig. 3). The stimulatory effect of PTHon DNAlabeling and
the inhibitory effect on collagen synthesis were not related. In a

24-h culture where 1 mMhydroxyurea prevented the stimula-
tory effect of 10 nMPTH on DNAsynthesis, PTH inhibited
the labeling of CDPby (mean±SE; n = 5) 39%±5 in the ab-
sence (P < 0.05) and by 35%±5 in the presence of hydroxyurea
(P < 0.05).

(b) Transient PTHtreatment. In contrast to the inhibitory
effect on collagen synthesis observed after continuous expo-

sure to PTH, when calvariae were treated with PTH for 24 h
and transferred to control (PTH-free) medium for a subse-
quent period of 24 or 48 h, an increase in collagen synthesis
was observed (Table I). The effect of PTH on DNAsynthesis
rates persisted for 24 h after the completion of the treatment,
but disappeared 48 h after the removal of the hormone. Tran-
sient (24 h) exposure to PTH also resulted in an increase in

noncollagen protein synthesis so that the effect was not specific
for collagen and the percent of collagen synthesized was not
changed. The stimulatory effect of PTH started to appear at
doses of 0.1 nMand at 10 nM it increased the incorporation of
[3H]proline into CDPand NCPby 70-80% (Fig. 4). Virtually
all the collagen synthesized by control and treated calvariae
comigrated on PAGEwith a rat type I collagen standard.
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Transient exposure to 10 nMPTH stimulated type I collagen
synthesis approximately twofold, as determined by densito-
metric analysis of the autoradiogram, without causing detect-
able changes in other collagen types (Fig. 5).

DNAsynthesis rates were higher in the periosteum and
collagen synthesis rates were higher in the periosteum-free,
osteoblast-rich, bone of control calvariae (Table II). Treatment
with PTH enhanced the incorporation of [3H]thymidine into
DNA exclusively in the periosteal tissue, whereas transient
exposure to the hormone enhanced the incorporation of [3H]-
proline into CDPonly in the periosteum-free bone. Although
PTHalso increased the labeling of NCPin this tissue, the effect
was smaller than on CDPand the percent of collagen synthe-
sized was enhanced after transient PTHtreatment. The stimu-
latory effect of PTH on collagen synthesis was not a conse-

quence of its mitogenic effect. In an experiment where PTH
increased DNAsynthesis by threefold (24 h after exposure to
the agent) and collagen synthesis by 1.5-fold (48 h after re-
moval of the agent), hydroxyurea abolished the PTHeffect on
DNA synthesis without modifying its stimulatory effect on

collagen synthesis (Table III).

IGF I concentrations and neutralization experiments
Endogenous IGF I concentrations in the culture medium of
control calvariae were 10 ng/ml or 1.3 nMand treatment with
1-100 nM PTH for 24 h increased IGF I levels by two to
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Figure 3. Effect of continuous treatment with I nMPTHon [3H]-
thymidine incorporation into acid-precipitable material (DNA), on

[3H]proline incorporation into CDPand NCPand on the percent of
collagen synthesized. Calvariae were cultured in the continuous pres-

ence of PTH, for the indicated periods of time. Data for the labeling
of DNA, CDPand NCPwere corrected per bone dry weight (disinte-

0 24 48 72

grations per minute/wt); all data are expressed as percent of control.
Symbols and vertical lines represent mean values and SE for five to
six half calvariae. All values for PTH, except for 24- and 48-h values
for the labeling of NCP, are significantly different from control,
P < 0.05.
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Table L Effect of Transient (24 h) PTHTreatment on DNA,
Collagen, and NCPSynthesis Rates in Calvariae Cultured

for 24-72 h

Treatment DNA CDP NCP PCS

dpm/ug wt %

24-h culture
0-24 h
Control 4.9±0.6 25±2 34±3 12.1±0.5
PTH 15.3±0.4* 18±2 42±4 7.4±0.2*

48-h culture
0-24 h to 24-48 h
Control to control 5.2±0.4 22±1 30±1 11.9±0.5
PTHto control 14.2±1.3* 3 1±1* 5 1±2* 10.2±0.2*

72-h culture
0-24 h to 24-72 h
Control to control 5.9±0.9 26±1 35±3 12.6±0.9
PTHto control 6.8±0.4 48±3* 51±2* 15.0±0.5

Values represent the 24-h effect of 10 nMPTH, and the effect of its
transient treatment on [3Hjthymidine incorporation into acid-precip-
itable material (DNA), on [3H]proline incorporation into CDPand
NCPand on the percent of collagen synthesized (PCS). Calvariae
were treated only for the first 24 h of culture and transferred to con-
trol medium for the remainder of the incubation as indicated. Values
are means±SE for five to six half calvariae cultured for 24-72 h.
* Significantly different from control, P < 0.05.

fourfold (Fig. 6). A neutralizing IGF I antibody did not modify
the effect of PTHon [3H]thymidine incorporation into DNA.
After 24 h of treatment, 10 nMPTH increased DNAlabeling
by (mean±SE; n = 4-5) 2.57±0.12-fold in the absence and by
2.31±0.15-fold in the presence of the IGF I antibody. In addi-
tion, the IGF I antibody did not alter the PTH stimulation of
DNAsynthesis that was observed 24 h after the hormone was
removed (Table IV). In contrast, the IGF I antibody prevented
the increase in [3H]proline incorporation into CDPobserved
after transient exposure to PTH (Table IV).

Discussion

These studies were undertaken to examine the effects of con-
tinuous and transient PTH treatment on bone formation in
vitro and to determine if IGF I mediates any aspects of this
process. Confirming previous observations (4), PTHcaused an
acute mitogenic effect because it stimulated calvarial DNA

Figure 5. Polyacrylamide gel analysis
of newly synthesized calvarial colla-
gen. Calvariae were cultured in the

_A* presence of 10 nMPTH for 24 h
only, rinsed and transferred to control
medium for an additional 48-h period
and compared to control calvariae
cultured for 72 h. Newly synthesized
a, (I) and a2 (I) radioactive collagen
chains were separated by interrupted
PAGEin the absence (left) or pres-
ence (right) of 2-mercaptoethanol and

were identified by comparison with a radioactive type I collagen
standard. Lane Crepresents one half control calvaria and lane P one
half calvaria treated with PTH.

synthesis and increased the number of colcemid-induced met-
aphase-arrested cells. The mitogenic effect of PTHoccurred in
the periosteal layer, but calvariae contain a mixed cell popula-
tion and the cells affected could not be precisely identified.
These cells did not appear to include differentiated osteoblasts,
and osteoblast-enriched cell cultures from rat calvariae are not
mitogenically responsive to PTH (21). The relevance of the
mitogenic effect is not clear because neither the continuous
nor the transient effect of PTHon collagen synthesis was mod-
ified in the presence of the DNAsynthesis inhibitor hydrox-
yurea, indicating that the changes in collagen synthesis were
independent of the mitogenic actions of PTH. Previous studies
also have shown that the effect of PTHon bone resorption is
independent of that on DNAsynthesis (22). The mechanism
of action of the mitogenic effect of PTH is unknown and anti-
body neutralization studies indicate that IGF I does not appear
to mediate this effect. It is possible that other local regulators of
bone remodeling, such as transforming growth factor ,B
(TGFj3), are mechanistically relevant to the mitogenic actions
of PTH because TGFBis a potent mitogen for bone cells and
PTH regulates the binding of TGFBto its receptor (21, 23, 24).

Continuous treatment with PTHfor 24-72 h resulted in an
inhibition of bone collagen synthesis, and this observation is in
agreement with previous reports (5). In contrast, transient
treatment with PTH resulted in an increase in bone collagen
synthesis. The collagen synthesized was type I and the effect
was observed in the periosteal-free bone, suggesting that PTH
stimulated osteoblast collagen synthesis. This effect was not
related to the mitogenic actions of PTH, as it was not modified
by hydroxyurea, and it is possible that PTHacted on differen-
tiated osteoblasts or on the differentiation of preosteoblastic
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Figure 4. Effect of transient (24 h) treat-
ment with PTHon [3H]proline incorpora-
tion into CDPand NCPand on the per-
cent of collagen synthesized. Calvariae
were cultured in the presence of PTH for
24 h only, rinsed and transferred to control
medium for an additional 48-h period, and
compared with control calvariae cultured
for 72 h. Data were corrected per bone dry
weight (disintegrations per minute/wt).
Symbols and vertical lines represent mean
values and SE for six half calvariae. Values
for PTHat 1-10 nM for the labeling of
CDPand at 0.1 - 10 nM for the labeling of
NCPare significantly different from con-
trol, P < 0.05.
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Table IL Stimulatory Effect of PTHon DNA, Collagen, and NCP
Synthesis Rates in Periosteum and Periosteum-Free Calvaria

Treatment DNA CDP NCP PCS

dpm/bone %

Periosteum
Control 1,100±160 1,790±250 4,680±640 6.6±0.4
PTH 2,730±260* 2,460±300 6,900±790* 6.2±0.3

Periosteum-free
calvaria

Control 650±100 3,300±420 2,970±230 16.6±0.7
PTH 790±90 6,530±820* 4,510±460* 20.8±1.1*

Values represent the effect of 1 nMPTH, on [3H]thymidine incorpo-
ration into acid-precipitable material (DNA) in calvariae cultured
and treated for 24 h, and the effect of 10 nMPTHon [3H]proline in-
corporation into CDPand NCPand on the percent of collagen syn-
thesized (PCS) in calvariae treated only for the first 24 h of a 72-h
culture. The periosteum was removed by dissection after the incuba-
tion was completed. Values are means±SE for 6- 10 half calvariae.
* Significantly different from control, P < 0.05.

cells. As PTHalso increased noncollagen protein synthesis and
calvariae contain a mixed cell population, it is possible that
PTH also affected cells other than those of the osteoblastic
lineage.

The results observed with PTH are similar to those ob-
served with IGF I, which is known to stimulate osteoblast-col-
lagen synthesis and matrix apposition rates independent of its
mitogenic actions (13). It is reasonable to believe that the stim-
ulatory effect of PTH on bone collagen synthesis is mediated
by IGF I because the two agents have similar effects, PTH
stimulates IGF I synthesis, and IGF I-neutralizing antibodies
prevent the enhancement of calvarial collagen synthesis by
PTH. Since the IGF I-neutralizing antibody cross-reacts to
some extent with IGF 11 (15), it is conceivable that the collagen

Table III. Stimulatory Effect of PTH, in the Presence
and Absence of Hydroxyurea, on Collagen and NCP
Synthesis Rates in Cultured Calvariae

Treatment* CDP NCP PCS

dpm/lg wt %

0-24 h to 24-72 h
Control to control 20±2 24±2 13.6±1.1
PTH to control 30±3* 39±3* 12.8±0.4
HUto control 17±1 24±1 11.6±0.6
HU+PTHto control 30±2$ 36±2t 13.7±0.6

Values represent the (24 h) effect of 10 nMPTH, with and without 1
mMhydroxyurea (HU) on [3H]proline incorporation into CDPand
NCPand on the percent of collagen synthesized (PCS). Calvariae
were treated for 24 h and transferred to control medium for the re-
mainder of the incubation as indicated. Values are means±SE for
5-12 half calvariae and were obtained by pooling two experiments.
* Effects on DNAsynthesis were measured at the end of the first 24
h of culture and PTH increased [3H]thymidine incorporation from a
control value of (mean±SE; n = 5) 3.6±0.4 to 11.0± 1.7 dpm/Aug
weight (P < 0.05); the values for HUand HU+PTHwere 0.6±0.1
and 1.0±0.1 dpm/,gg weight, respectively.
t Significantly different from control, P < 0.05.
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Figure 6. Effect of continu-
ous treatment with PTH
on IGF I concentrations in
cultured calvariae. Symbols
and vertical lines represent
mean values and SE for
calvariae incubated in the
continuous presence of
PTH for 24 h. Medium
was collected after 24 h for
IGF I determinations and
values are expressed as
nanograms of IGF I/milli-
liter; 7.5 ng/ml of IGF I
= 1 nM. All values for the
effect of PTHare signifi-

100 cantly different from con-
trol, P < 0.05.

stimulatory effect of PTHcould be, in part, mediated by IGF
II. However, there is no current information to indicate that
PTH stimulates skeletal IGF II synthesis, and IGF II acts in
most systems through the IGF I receptor (25, 26), so that in
either instance PTHwould act through the same mechanism.
It is likely that the local production of IGF I is important in the
coupling of bone formation to bone resorption (27). PTH
stimulates both bone resorption and the synthesis of IGF I,
and this newly synthesized IGF I could be important in the
formation of new bone.

Previous observations have indicated that IGF I mediates
the effects of growth hormone on bone formation (28), and our
studies confirm that local- skeletal factors act as intermediaries
of hormonal action because IGF I mediates the anabolic ef-
fects of PTH. Our investigations also provide an explanation
for some of the previously reported discrepancies between the

Table IV. Stimulatory Effect of PTH, in the Presence
and Absence of an IGF I Antibody, on DNA, Collagen,
and NCPSynthesis Rates in Cultured Calvariae

Treatment* DNA CDP NCP

dpm/sg wt

0-24 h to 24-48 h (DNA)
0-24 h to 24-72 h (CDP, NCP)
BGJ medium

Control BGJ to BGJ 4.0±0.2 35±3 28±2
PTHto BGJ 13.0±0.9* 60±1t 51±3t

Control antibody (CA)
CA to CA 5.8±1.0 25±2 31±2
PTH+CAto CA 12.8±1.1t 60±6t 50±6t

IGF I antibody (IGF Ab)
IGF Ab to IGF Ab 6.9±0.6 33±4 40±3
PTH+IGF Ab to IGF Ab 13.3+0.4t 42±2 50±3t

Values represent the effect of 10 nMPTH, with and without an IGF
I antibody (IGF Ab) or a control antibody (CA) raised to a T-8 lym-
phocyte surface antigen, both at a 1: 1,000 dilution, on [3H]thymi-
dine incorporation into acid-precipitable material (DNA), and on
[3H]proline incorporation into CDPand NCP. Values are means±SE
for six half calvariae.
* Calvariae were treated for 24 h and transferred to the indicated me-
dium for an additional 24-h (DNA) or 48-h (CDP and NCP) period.
* Significantly different from respective control, P < 0.05.
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stimulatory and inhibitory effects of PTH on bone collagen
synthesis and confirm that the anabolic effect of PTH is pri-
marily observed after intermittent treatment (6, 8, 9). Since
collagen is the major component of the bone matrix, it is
reasonable to expect that changes in bone formation would
parallel those on collagen synthesis. It is unclear why continu-
ous exposure to PTH results in an inhibition of collagen syn-
thesis despite increased IGF I concentrations, but our previous
studies have shown that continuous treatment with PTH op-
poses the stimulatory activities of IGF I on collagen synthesis
(12). It is therefore apparent that PTHoverrides the IGF I-de-
pendent stimulation, possibly by modifying specific osteo-
blast-differentiated functions. Although the mechanism of the
inhibitory effect of PTH is not known, based upon this and
previous reports (6, 8, 9), it would seem appropriate to use
intermittent instead of continuous PTH in therapeutic trials
for osteoporosis.

In conclusion, continuous treatment of rat calvarial cul-
tures with PTH results in an inhibition of collagen synthesis,
whereas transient treatment stimulates collagen synthesis, and
this effect appears secondary to the local production of skeletal
IGF I.
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