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Effect of platelet derived growth factor on
heterotopic bone formation in rats

Olof Risto', Ola Wahlstrdm!, Avni Abdiu? and Thomas Walz?

Platelet derived growth factor (PDGF) and induc-
tion of newly woven bone growth were studied in
rats. PDGF (20 ng/mL) was administered continu-
ously for 2 weeks via microosmotic pumps to 6-
mm-long pieces of demineralized rat femur in-
serted into muscle pouches. Each rat had a control

piece of demineralized bone inserted into the con-
tralateral gluteal muscle. The samples were col-
lected after 4 weeks, and wet and ash weight were
recorded. Fourteen rats were evaluated. There
were no differences as regards wet weights. PDGF
increased the ash weights.

Platelet derived growth factor (PDGF) is the most
important growth factor in serum for connective-
tissue cells. It is a protein with biological activity in
a dimer structure (8); and receptors have been
demonstrated on fibroblasts, smooth muscle, and
glial cells (9). PDGF is released from platelets
during clotting processes, and acts as a chemoattrac-
tant, recruiting cells into the wound (6, 13). The
proliferation of these cells, which results in
increased connective tissue outgrowth, is also
believed to be stimulated by PDGF (7).

Cellular processes, such as migration and
proliferation of immature connective-tissue cells, are
stimulated by PDGF, and are also observed in the
early phases of experimentally induced heterotopic
bone formation (HBF) (4, 7, 12, 13, 14).

We have studied the effects of PDGF on the
mineral contents of experimentally induced new
bone formation in rats.

Material and methods

We used the classical model for inducing new bone
formation as described by Urist (14). Rat femurs
were demineralized in 6 M HCI for 12 h at room
temperature. The demineralization was only checked
by palpating the preparations. Delloye et al. (5)
found demineralization in 6 M HCl for only 4 h at
room temperature equally effective for inducing new
bone as demineralization at 40 °C for longer periods
at room temperature.

Next, we inserted 6-mm-long pieces of deminer-
alized rat diaphyses into the gluteal muscular
pouches on each side of the rats. PDGF (200 mL, 20
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ng/mL) was continuously administered by micro-
osmotic pumps (Altazet 2002, Alza Corp., Paulo
Alto, California) to one of the bone pieces during a
2-week period. A piece of catheter was fixed to the
other bone piece (control piece) in one series of 22
cases; and in another series of 10 cases, saline was
administered to the control piece in the same way as
PDGF (Figure 1).

For anesthesia, we used xylazin (Rompun® Vet.,
Bayer) and ketamin (Ketalar®, Parke-Davies/War-
ner-Lambert) intraperitoneally, with mean doses of
4 and 8 mg, respectively. Cefuroxim (Zinacef®,
Glaxo) was administered intraperitoneally, with a
mean dose of 30 mg as a prophylactic against infec-
tion.

The rats were kept in cages and received water
and a standard laboratory diet ad libitum. After 4
weeks, the rats were killed with overdoses of
xylazin, and the implants were collected to measure
wet and total-ash weights (750 °C, 8 h; Figure 2).

In accordance with our pilot studies, we consid-
ered production of new bone, represented by at least
2 mg of ash, to be a criterion for the functioning of
the model.

To obtain samples for histologic examinations,
another 4 rats, treated in the same way, were killed
after 1, 2, 3, and 4 weeks. These samples were
demineralized, embedded in paraffin, and stained
with hematoxylin and eosin. Further, these samples
were analyzed blindly with light microscopy.

We used the paired Student’s t-test and
Wilcoxon’s signed-rank test for statistical studies.

Seven rats were excluded because of their poor
postoperative condition and early death, wound
ruptures with disruption of the catheter-muscle
pouch connection, and improper preparation. A
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Figure 1. The pumps and catheters, which are fixed to the
muscle pouches just before subcutaneous insertion of the
pumps.

Figure 2. The pieces of newly formed bone during the
collection procedure.

Figure 3. Photomicrographs showing the histologic appearance in samples collected after 1 week. Observe the increased
density of fibroblasts surrounding the decalcified bone in the PDGF-treated sample (left). H&E, x60.

nonfunctioning model, for no definite reasons, with
less than 2 mg of ash on one or both sides was found
in another 11 rats, and therefore these rats were also
excluded.

The remaining 14 rats, with a mean weight of
324 g, all showed similar growth during the 4 weeks
(mean weight gain 111 g). Of these 14 rats, only 3
rats from the series with saline controls remained.

Results

There were no differences as regards wet weight.
The mean ash weight on the PDGF-treated side was
7.8 £ 4.4 mg and on the control side in both series
5.2 £ 1.7 mg. Using standard weights, i.e., weights
proportionate to the square root of the number of
rats in each series, we obtained a difference between
ash weights of PDGF-treated samples and their
controls at the 5 percent level of significance (11) in

both single- and double-tailed tests, and when using
the Student’s paired -test as the basic test {r = 2.21,
df = 12, P < 0.05) and when considering
Wilcoxon’s signed-rank test as the primary test (z =
2.31, P < 0.05). If the results are augmented by
including the 11 rats that were discarded because of
very small observed ash-weight values, the differ-
ence was no longer significant. These values are
quite variable and marginally favorable to the
treatment side. The net effect was a not quite signifi-
cant difference at the 5 percent level when using a
single-tailed test (f = 1.60, df = 23, P > 0.10) (z =
1.624, P > 0.10).

The histologic examination showed considerably
more connective-tissue proliferation in the PDGF-
treated preparations after 1 week (Figure 3). This
difference was not so apparent after 2 weeks. After 3
weeks, the inflammatory reaction was still present to
some extent on the control side, and the bone piece
was resorbed on the PDGF-treated side.
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Discussion

We believe that the experimental design—with
untreated controls in each animal, which eliminates
the hazards of different potential for bone formation
in different animals (1)—gives our results validity
even with the relatively high exclusion rate.

Whole-blood serum contains about 20 ng/mL
PDGF, and plasma contains less than 0.2 ng/mL (2).
Thus, the free, active fraction of PDGF in the circu-
lation is very low, and most of the substance is
bound in platelets and to plasma proteins (3). PDGF
stimulates cultured fibroblasts at very low concen-
trations (ED 50 = 0.3 ng/mL; 3). Our choice of
PDGF concentration in the pumps (20 ng/mL),
accordingly, seems quite adequate. Injected PDGF
has a half-life of less than 2 minutes (2), and it is
likely that the newly released PDGF has local
effects rather than systemic ones. The binding of
PDGF to the receptors and nonspecific binding to
exposed tissue by virtue of its general adsorptive
tendency would also cause PDGF to be retained at
the release site. Analogous to this, we believe that
all the PDGF released from the pumps in our study
has acted locally. The importance of an experi-
mental design with slow release, which protects the
active substance from rapid inactivation under
physiologic conditions, has been pointed out by
Aspenberg and Lohmander (1).

According to Urist et al. (15), there is a direct
correlation between rate of increase in ash weight
and deposition of calcified, newly woven bone; and
induced bone formation can be quantitated simply
by determining the ash weight. In the same study,
the yield of new bone tapered off after about 30
days. Their study was done on rabbits, but it is very
unlikely that the yield of new bone would taper off
later in rats. Therefore, we believe that we have
measured maximum yield of new bone.

PDGF has recently been shown to stimulate new
bone formation in adult rats (10). We believe that
our results support the theory that PDGF stimulates
new bone formation, but that the mechanism is
probably complex. Histologic examinations have
indicated that one mechanism may be increased con-
nective tissue outgrowth (7, 13). Probably several
growth factors are involved in the multifactorial
process of new bone formation, because fibroblast
growth factor FGF also contributes to the process

(1.
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