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Osteogenic Effect of a Gastric Pentadecapeptide, BPC-157, on
the Healing of Segmental Bone Defect in Rabbits: A
Comparison with Bone Marrow and Autologous Cortical
Bone Implantation
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R. RUČMAN,2 M. PETEK,2 P. KONJEVODA,2 S. JADRIJEVÍC,1 D. PEROVIĆ,2 and M. ŠLAJ2

1 Department of Surgery, Clinical Hospital “Merkur,” and2 Departments of Pharmacology and Pathology and Anatomy, Medical and Veterinary
Faculty, University of Zagreb, Zagreb, Croatia

Gastrectomy often results in increased likelihood of osteopo-
rosis, metabolic aberration, and risk of fracture, and there is
a need for a gastric peptide with osteogenic activity. A novel
stomach pentadecapeptide, BPC-157, improves wound and
fracture healing in rats in addition to having an angiogenic
effect. Therefore, in the present study, using a segmental
osteoperiosteal bone defect (0.8 cm, in the middle of the left
radius) that remained incompletely healed in all control
rabbits for 6 weeks (assessed in 2 week intervals), pentade-
capeptide BPC-157 was further studied (either percutane-
ously given locally [10 mg/kg body weight] into the bone
defect, or applied intramuscularly [intermittently, at postop-
erative days 7, 9, 14, and 16 at 10mg/kg body weight] or
continuously [once per day, postoperative days 7–21 at 10mg
or 10 ng/kg body weight]). For comparison, rabbits percuta-
neously received locally autologous bone marrow (2 mL,
postoperative day 7). As standard treatment, immediately
after its formation, the bone defect was filled with an autol-
ogous cortical graft. Saline-treated (2 mL intramuscularly
[i.m.] and 2 mL locally into the bone defect), injured animals
were used as controls. Pentadecapeptide BPC-157 signifi-
cantly improved the healing of segmental bone defects. For
instance, upon radiographic assessment, the callus surface,
microphotodensitometry, quantitative histomorphometry (10
mg/kg body weight i.m. for 14 days), or quantitative histo-
morphometry (10 ng/kg body weight i.m. for 14 days) the
effect of pentadecapeptide BPC-157 was shown to corre-
spond to improvement after local application of bone mar-
row or autologous cortical graft. Moreover, a comparison of
the number of animals with unhealed defects (all controls) or
healed defects (complete bony continuity across the defect
site) showed that besides pentadecapeptide intramuscular
application for 14 days (i.e., local application of bone marrow
or autologous cortical graft), also following other pentade-
capeptide BPC-157 regimens (local application, or intermit-
tent intramuscular administration), the number of animals

with healed defect was increased. Hopefully, in the light of
the suggested stomach significance for bone homeostasis, the
possible relevance of this pentadecapeptide BPC-157 effect
(local or intramuscular effectiveness, lack of unwanted ef-
fects) could be a basis for methods of choice in the future
management of healing impairment in humans, and requires
further investigation. (Bone 24:195–202; 1999) © 1999 by
Elsevier Science Inc. All rights reserved.

Key Words: Gastric pentadecapeptide BPC-157; Intramuscular
application; Local application; Osteogenic effect; Bone marrow;
Autologous cortical bone; Implantation; Segmental bone defects;
Rabbits; Stomach.

Introduction

Between the commonly used methods for fracture healing im-
pairment, particularly defect pseudoarthrosis, such as stable os-
teosynthesis with intrafragmentary compression,33 nonvascular-
ized12 and vascularized bone grafts56 and the method of
Ilizarov57 relying on distraction osteogenesis, autologous bone
grafting may be the simplest and best way of treating pseudoar-
throsis and minor bone defects. However, its failure has been
observed in 30% to 50% of patients.4,14Postoperatively, patients
with iliac bone grafting would often have more pain from the
donor site than from the primary operation. Although this pain
usually resolves over a period of several weeks, it could also persist
(e.g., in 10%,33 25%,54 or even 61%31 of patients) along with the
other complications (i.e., fracture of the wing of the ilium, herniation
of abdominal contents and meralgia paraesthetica).21,39,67

Thus, new therapeutical attempts are justified. Interestingly,
gastrectomy would produce increased osteoporosis, metabolic
aberration and risk of fractures.29,30,70 Because gastrectomy-
induced bone loss was not corrected by calcium addition,30 and
not considered being related to vitamin D deficiency,29 the
possible involvement of a hypothetical gastric hormone was
suggested.30 Consequently, the possibility that a peptide origi-
nated from stomach mucosa would promote fracture healing is
not entirely unexpected since gastric epithelial cells are known to
have a property of inducing osteogenesis if appropriately trans-
plantated.44

In this, pentadecapeptide BPC-157 may also be interesting.
Unlike other peptides beneficial capacity, regularly limited with
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a short half time,58 it was recently confirmed that BPC-157 is
very stable.3,20,28,38,41,43,47–55,63–66Along with its gastric juice
origin,28,43,47–55incubated in human gastric juice or in water,
this pentadecapeptide was not subjected to any degradation
during 24 h unlike standard peptides (e.g., hEGF and hTGF)
stable in water, but rapidly degraded in human gastric juice (e.g.,
already after 15 min).64 Considering the existence of BPC-157 in
gastric juice, and its unusual stability,3,20,28,38,41,43,49–53,63–66its
salutary effect on different lesions gastrointestinal lesions, in-
duced by various challengers,28,43,49–53it may be likely that this
peptide has some biological actions, particularly in cytoprotec-
tion reactions modulation. It is suggested that BPC, formed
constitutively in the gastric mucosa (body), and being in gastric
juice would always protect the stomach against injury.28,43,49–54

Along with these, the evidence was collected that this pentade-
capeptide has a strong anti-inflammatory activity in both acute
and chronic inflammation models46,49and reducing the release of
inflammatory mediators (i.e., myeloperoxidase, leukotriene B4,
tromboxane B2) in vitro and in vivo,64–66 would markedly
attenuate various experimental lesions in other organs (i.e.,
liver,55 pancreas52 and heart3,49). Besides, this pentadecapeptide
exerts a complex interaction with adrenergic and dopaminergic
system in protection.27 It would be probably released from
somatosensory neurons as shown in experiments with neuro-
toxin capsaicin in nociception assay46 and nasal and gastro-
intestinal51 lesion studies. Recently, a particular interaction
with the NO system was shown as well.53 With the effective-
ness clearly noted in both prophylactic and therapeutic regi-
mens, when given in the conditions of the already established
injury stability,3,20,28,38,41,43,49 –54,63– 66importantly, this pen-
tadecapeptide would accelerate the healing of the wound, and
provides a marked angiogenic effect.43,47In addition, it would
significantly increase the healing of the fracture in rats,46

induced by Penttinen’s method.38

Thus, it was a logical approach further to test this pentade-
capeptide on a segmental bone defect in rabbits. Because it is
well known that percutaneous injection of bone marrow into the
bone defect or nonunion sites eases bone healing,7,20,36this was
used for further comparison. The application of an autologous
cortical graft was used as a reference procedure.

Materials and Methods

Drugs

Pentadecapeptide BPC-157 (Gly-Glu-Pro-Pro-Pro-Gly-Lys-Pro-
Ala-Asp-Asp-Ala-Gly-Leu-Val; MW 1419) is a partial sequence
of human gastric juice protein BPC, freely soluble in water at pH
7.0 and in saline, prepared as described elsewhere.28,43,47–54

Peptide with 99% (HPLC) purity (1-des-Gly peptide as impuri-
ty), dissolved in saline, was used in all of the experi-
ments.7,43,47–54

Animals

New Zealand white, adult male rabbits, 23406 150 g body
weight (b.w.), two per cage, were used. All were uniformly fed:
each got 300 g feed for rabbit raising (Poljoprerada, Zagreb,
Croatia) every second day in alteration with 300 g oats and
unrestricted water. The experimental work was approved by the
local committee for animal care.

Creation of Nonunion Model

The bone defect representing the experimental nonunion model23

was created on left forelegs in rabbits under general anesthesia

(Ketalar 70 mg/kg b.w. i.m., Caneire, Inverin, Ireland) and sterile
conditions. Following the skin incision and separation of the mid
third of the radial diaphysis from the adjacent structures, 8 mm
(double diameter of the diaphysis of the radius) long osseous-
periosteal cylinder of the radial diaphysis was dissected. To
obtain the corresponding bone defect in all the rabbits, a surgical
saw with two parallel 8 mm removed blades was used for the
dissection. After having washed it out with saline, the wound was
closed by layers using Dexon 4-0 and silk 4-0 sutures.

To assure the further procedure, immediately after the oper-
ation, the injured foreleg underwent control X-ray and the ani-
mals, having the entire bone defect surface within means6 SD
of the 26.256 0.62 mm2, were included in further experiments
(see subsequent text). The immobilization was done with a cast
splint during two weeks to prevent fracture of the ulna. A
long-acting antibiotic preparation, Benzapen 1 mL i.m. (150,000
units benzatine-benzine penicillin, 150,000 U procaine-benzyl
penicillin, Pliva, Zagreb, Croatia) was given postoperatively.

Treatment Regimens

After initial screening (see earlier) animals were randomly di-
vided into seven groups of 12 rabbits each (total number 84
rabbits). All animals were killed after a 6 week period following
injury induction.

Saline-treated (2 mL i.m. and 2 ml locally into the bone
defect, given at the time of medication), injured animals were
used as controls (group 1).

Bone Marrow Application (Group 2)

In the second group (BM), 4 mL bone marrow was aspirated
percutaneously from the posterior iliac spine under general
anesthesia (Ketalar 70 mg/kg b.w. i.m.) and sterile conditions on
postoperative day 7. Then, 2 mL bone marrow was percutane-
ously injected into each bone defect. There were using 1.2 mm
needles for both bone marrow aspiration and injection.

Pentadecapeptide BPC 157 Administration (Groups 3–6)

On postoperative day 7 and 14, animals of the third group (BPC
loc.) were injected BPC-157 10mg/kg b.w. percutaneously into
each bone defect. Alternatively, the rabbits were intramuscularly
treated with BPC-157 10mg/kg b.w. on postoperative days 7, 9,
14, and 16 (group 4, BPC i.m.), or BPC-157 (10mg or 10 ng/kg
b.w.) was intramuscularly administered once daily during 14
subsequent days (postoperative days 7–21) (group 5 (BPC14d-
mg) and group 6 (BPC14d-ng)).

Autologous Bone Graft (Group 7)

Immediately after its creation, the bone defect was filled with an
autologous bone graft obtained in radius dissection using 2–3
mm cortical bone fragments.

Radiographic Assessment

The first X-ray of the treated extremities was made directly after
the operation and, then, aiming at following up of callus forma-
tion, every 2 weeks (after 2, 4, and 6 weeks).

To minimize the possible technical mistakes accordingly with
Tiedeman and coworkers (1991),60 identical roentgenographic
parameters (55 kV, 100 mA, and 0.025 sec exposure time) were
used, and roentgenograms were taken in an anteroposterior
direction. X-rays were evaluated using two quantitative methods:
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area of radiologically observable callus and microphotodensito-
metry of the bone defect region.

Measurements of the area of the callus and microphotoden-
sitometry were carried out in personal computer (Pentium, 100
MHz, 32 MB RAM and 2 GB hard disk) using a special program
SFORM (VAMS Software Co., Zagreb, Croatia). All roentgeno-
grams were scanned with a professional scanner (Lynotype,
USA) using resolution of 300 DPI and 256 gray scale.

For superficial measurement of radiologically observable cal-
lus, (i) in the initial roentgenograms, done immediately after
surgery, the area of the defect was assessed and expressed in
mm2 (means6 SD, being 26.256 0.62 mm2) (microdensitom-
etry value of the bone defect region immediately after the
operation represents the density of soft tissues without bones);
(ii) thereafter, in the roentgenograms provided throughout men-
tioned 2 week intervals, the area of the defect that was occupied
by callus was measured (mm2). All measurements were carried
out by three independent observers unaware of the treatment, but
no significant difference between their assessments was noted.

Microphotodensitometry of the bone defect region was car-
ried out averaging the values noted in 10 fields of 1.203 0.89
mm. The obtained values were standardized according to the
values worked out for the fifth field aluminum key (thickness 2.7
mm) present in each X-ray image (calculated as 1.000). There-
fore, besides above mentioned, any influence of possibly various
X-ray and/or film exposure factors on densitometry results was
further minimized.

Besides, to provide an additional insight into the healing of
the segmental bone defect, the number of animals with healed or
nonhealed defect is compared, where healed defects are defined
as those with complete bony continuity across the defect site, as
described by Gerhart et al.18

Histomorphometry

The animals were sacrificed after six weeks. Nondecalcified
bone preparations were fixed, embedded in metacrilate and cut in
2 mm sections on a Leitz microtome 1.518 for histomorphom-
etry. The preparations were dyed with toluidine blue and Goldner
stain.

Histomorphometric indicators were measured under 403mi-
croscopic enlargement within the previously determined field.
The microscope was connected to a personal computer (Pentium,
100 MHz, 32 MB RAM and 2 GB Hard disk). For analysis of the
area of the bone, or connective or cartilaginous tissue, the SFORM

program (VAMS) was used. All measurements (expressed in
mm2) were carried out by three independent observers unaware
about the treatment, but no significant difference between their
assessments was noted.

Statistical Analysis

The obtained results were statistically processed. Arithmetic
means6 standard deviation were worked out for each particular
group. Variance analysis (ANOVA), i.e. Tukey HSD test71 was
used to analyze the differences observable between the groups.
Fisher’s exact test was used for evaluation of the number of
animals with healed defects.

Results

Radiographic Evaluation

Surface of X-ray-observable callus.The surface of callus formed
within the bone defect after two weeks in the groups treated
locally with bone marrow or pentadecapeptide BPC 157, or

continuously treated with higher pentadecapeptide dose intra-
muscularly, was twice as large as regards the controls (Table 1),
but statistical difference was not reached.

Supportingly, it is evident that in all treated groups callus
formation was the most prominent between weeks 2–4. Conse-
quently, after four and six weeks, the advanced callus formation,
significantly larger (p , 0.001) than in controls (i.e., after 6
weeks, 48.5% of the bone defect), was noted in animals treated
with autologous bone marrow (i.e., 89.0% after 6 weeks) as well
as BPC-157-treated rabbits, if this pentadecapeptide was given
continuously (7–21 postoperative days) intramuscularly in the
dose of the 10mg/kg once daily (i.e., 85.3% after six weeks).
Importantly, in the rabbits treated locally with autologous bone
graft, a similar improvement was noted also after 6 weeks (i.e.,
91.1% of bone defect surface presented as newly formed bone)
(after 2 and 4 weeks the surface of X-ray-observable callus was
not measured since it was impossible to distinguish newly
formed bone from the bone graft) (Table 1).

Microphotodensitometry.Callus mineralization was fol-
lowed up using microphotodensitometry of the bone defect
region. The increase in bone callus density compared with the
initial value (microdensitometry value of the bone defect region
immediately after the operation represents the density of soft
tissues without bones) is shown inTable 2.

Compared with the control values, after two and four weeks,
the statistically significant increase (p , 0.005) of bone callus
density was observed only in the group treated with autologous
bone marrow as compared with the controls. After 6 weeks,
values of callus mineralization were statistically significantly
higher (p, 0.001) in the group continuously treated intramus-
cularly with the pentadecapeptide BPC-157 (10mg/kg) as well.

Number of animals with healed defect.To give an additional
insight into the healing process in the control and treated groups,
and to demonstrate the course of individual healing in the

Table 1. Areas of radiologically observable callus (mean6 SD, mm2)

Groupsa

Areas of radiologically observable callus (mm2)

Callus surface after:

2 weeks 4 weeks 6 weeks

1. Control 3.96 3.7 10.46 6.3 12.76 6.2
2. BM 9.36 7.1 23.36 2.7b 23.46 3.0b

3. BPC loc. 7.86 7.4 17.26 7.5 19.06 8.2
4. BPC i.m. 6.56 5.9 15.66 6.2 18.96 7.0
5. BPC14d-mg 7.96 6.0 20.56 5.6b 22.46 4.4b

6. BPC14d-ng 6.86 7.9 14.96 8.5 20.26 6.7
7. Bone graft 23.96 2.7b

Group 1 (control): saline-treated (2 mL i.m. and 2 mL locally into the
bone defect, given at time of medication), injured animals used as
controls. Group 2 (BM): 4 mL bone marrow was aspirated percutane-
ously from the posterior iliac spine under general anesthesia and sterile
conditions on postoperative day 7, then 2 mL bone marrow was percu-
taneously injected into each bone defect. Group 3 (BPC loc.): on
postoperative days 7 and 14, 10mg/kg b.w. of BPC-157 was percutane-
ously administered into each bone defect. Group 4 (BPC i.m.): 10mg/kg
b.w. i.m. BPC-157 given on postoperative days 7, 9, 14, and 16. Group
5 (BPC14d-mg): 10mg/kg b.w. i.m. BPC-157 given once daily during 14
subsequent days (postoperative days 7–21). Group 6 (BPC 14d-ng): 10
ng/kg b.w. i.m. BPC-157 given once daily during 14 subsequent days
(postoperative days 7–21). Group 7 (bone graft): immediately after
creation, the bone defect was filled with an autologous bone graft
obtained by radius dissection using 2–3 mm cortical bone fragments.
aTwelve rabbits in each experimental group.
bSignificantly different from group 1 (control),p , 0.001.
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corresponding groups, that is, whether the defect is healed or not,
the healing was assessed as simply described by Gerhart and
coworkers 1993. To ascertain the differences in the number of
animals with the healed defect in the control and in the treated
groups, defining the healed defects as those with complete bony
continuity across the defect site, we clearly showed that no rabbit
in control group had a completely healed defect. Compared with
these control values, an apparently increased number of the
rabbits with the healed bone was noted in all treated groups: bone
marrow or autologous bone graft, or pentadecapeptide BPC-157.
Namely, besides the groups treated locally with bone marrow or
autologous bone graft, or rabbits that received intramuscularly
the pentadecapeptide BPC-157 10mg/kg or 10 ng/kg b.w. for 14
days, significantly more rabbits showed healed defects also in
groups treated with other pentadecapeptide regimens: 10mg/kg
BPC 157 locally, or 10mg/kg i.m., but intermittently (Table 3).

Histological Evaluation

The process of callus formation within the bone defect develops
through enchondral ossification. After 6 weeks, in the bone
defect region there is newly formed bone (woven and lamellar),
cartilage and fibrous tissue in various ratios. In some animals
(controls in particular,Figure 1) the bone defect region was

filled with fibrous tissue, with newly formed bone and cartilag-
inous islets being found in the margins of the dissected radius
and in the narrow zone along the ulna. In some animals (mostly
from the bone marrow group,Figure 2, BPC 157 10mg/kg i.m.
continuously for two weeks,Figure 3, and autologous bone graft
group) the bone defect was completely filled with newly formed
bone (mostly lamellar) and smaller cartilaginous islets. In the
remodeling process, the formation of the new medullar canal
started.

Measurements of newly formed bone, cartilaginous and fi-
brous tissue surfaces are given inTable 4. In the controls, the
surface of newly formed bone callus occupies less than a half
(48.9%) of the entire bone defect surface. As compared with the
controls, the statistically significant difference (p , 0.001) was
observed in bone callus of bone marrow-treated animals (88.4%
of the bone defect surface), in animals treated with BPC-157
given in micrograms during 14 days (82.7%), in animals treated
with BPC-157 given in nanograms during 14 days (75.6%) and
in animals treated with a cortical autograft (84.3%).

There was no statistically significant difference among the
groups in the size of cartilaginous callus. On the other hand,
fibrous tissue within the bone defect was most prominent among
the controls (49.5% of the entire bone defect surface), signifi-
cantly higher (p, 0.001) than in groups treated with pentade-
capeptide BPC 157 intramuscularly for 14 days, either with the
10 mg/kg (13.8%) or 10 ng/kg dose (22.1%), or bone marrow
(14.3%), autologous bone graft (20.8%) locally.

Separate vital staining studies (oxytetracycline 50 mg/kg i.m.
at postoperative day 14, calcein 30 mg/kg i.m., at postoperative
day 28, alizarin 20 mg/kg i.m. at postoperative day 38) generally
correlate with the above described findings. In treated groups
(pentadecapeptide BPC-157, bone marrow, autologous bone
graft) it was a common trend toward the earlier appearance of
callus formation than in controls. However, due to possible
influence of the fluorochromes themselves (although this possi-
bility was minimized) (for review, see Sun et al.44) these results
were not included in the present report (Figure 4).

Discussion

Clinical methods presently employed in the management of
fracture healing impairment (bone grafts, vascularized bone
grafts, stable osteosynthesis with interfragmentary compression,

Table 3. Healing of the bone defect assessed as the number of rabbits
with healed bone defect (12 rabbits per group)a

Groups

Number of the rabbits with the healed bone
defect (12 rabbits per each group)

First 2 weeks Week 4 Week 6

1. Control 0 0 0
2. BM 0 10b 11b

3. BPC loc. 0 5b 6b

4. BPC i.m. 0 4 6b

5. BPC14d-mg 0 6b 9b

6. BPC14d-ng 0 3 6b

7. Bone graft 0 6b 9b

For explanation of group characteristics refer to footnote to Table 1.
aHealed defects are defined as those with complete bony continuity
across the defect site, as described by Gerhart et al.18

bp , 0.05, at least vs. controls (group 1).

Table 2. Optical density measurements of defectsa

Groupsb

Optical density (D) measurements of the defects (% of optical values of 2.7-mm-thick
fifth field aluminum key)

Postoperative optical density of defects

Optical density
of soft tissues
without bone

Optical density
of the defects
after 2 weeks

Optical density
of the defects
after 4 weeks

Optical density
of the defects
after 6 weeks

1. Control 0.6906 0.061 0.7366 0.079 0.8196 0.197 0.8126 0.113
2. BM 0.7006 0.037 0.9206 0.151c 1.2776 0.254c 1.3506 0.396d

3. BPC loc. 0.7206 0.046 0.8066 0.095 1.1256 0.248 1.0856 0.314
4. BPC i.m. 0.7266 0.055 0.8556 0.149 1.0616 0.278 1.0696 0.240
5. BPC14d-mg 0.6786 0.077 0.8256 0.111 1.1206 0.188 1.2136 0.226d

6. BPC14d-ng 0.7026 0.027 0.8236 0.146 1.0326 0.187 1.1206 0.132
7. Bone graft 1.1056 0.212 1.0946 0.138 1.4236 0.217 1.4036 0.270

For explanation of group characteristics refer to footnote to Table 1.
aMean photodensitometry measurements and standard deviation are expressed as a percentage of the optical
values of the 2.7-mm-thick fifth field aluminum key.
bTwelve rabbits in each experimental group.
cp , 0.005,dp , 0.001 vs. control.
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bone transport by the method of Ilizarov) require a sophisticated
surgical technique, besides limitations due to high morbidity and
many complications. Phemister’s classic technique for autolo-
gous bone grafting involves two operative procedures, with
potential morbidity at both the donor and the recipient site.33

Great efforts are therefore made to find out less complicated and
more effective methods. Thus, coupled to the gastric epithelial
cells property of inducing osteogenesis44 and suggested stomach
significance for bone homeostasis29,30,69 and hypothetical in-
volvement of a gastric hormone,30 the possibility that a peptide
originated from stomach mucosa already shown to accelerate
fracture healing in rats46 may also promote healing of segmental
bone defects, is not entirely unexpected.

In the present study a well known rabbit nonunion model23

was used. Consistently with pseudoarthrosis development in
patients, after six weeks in the majority of controls animals the
poor formation of bone calluses was noted (e.g., the bone defect
region was filled with fibrous tissue, with newly formed bone
and cartilaginous islets being found in the margins of the dis-
sected radius and in the narrow zone along the ulna). Likewise,

the application of autologous bone graft as an osteogenic graft
would produce a marked benefit like as a percutaneous applica-
tion of autologous bone marrow clearly improved otherwise
seriously impaired bone healing. These findings are consistent
with the previous evidence7,17 confirmed both experimentally
and clinically. Thus, the reported evidence that a novel stomach
pentadecapeptide, named BPC-157, would also improve mark-
edly an otherwise delayed bone healing, merits particular
attention.

Considering the mechanism, it should be noted that bone
marrow is a complex tissue composed of red and white blood
cells, their precursors and a connective-tissue network called
“stroma.”22 Cells from the stroma morphologically appear as
fibroblasts, reticulocytes, adipocytes and endothelial cells regu-
late the differentiation of haemopoietic cells through direct
interaction via cell surface proteins and through the secretion of
growth factors.11,32,40 Some cells of the stroma, determined
osteogenic progenitor cells (DOPC),15 also have the potential to
differentiate into bone and cartilage,2 even without any inducing
agent when bone marrow is transplanted to heterotopic sites.
Taken together, it seems understandable that a percutaneous

Figure 1. Histological appearance, 6 weeks postoperatively, of a radial
defect in a control rabbit. The bone defect region is filled with fibrous
tissue, the newly formed bone is in the margins of the dissected radius
(Goldner stain; original magnification:310).

Figure 2. Histological appearance, 6 weeks postoperatively, of a radial
defect that had been treated locally with autogenous bone marrow. The
bone defect is filled with newly formed bone. There are small areas of
fibrous tissue and cartilage. There is remodeling of trabecular bone and
early formation of a new medullary cavity (toluidine blue stain; original
magnification:310).

Figure 3. Histological appearance, 6 weeks postoperatively, of a radial
defect that had been treated with pentadecapeptide BPC-157 at a dose of
10 mg/kg b.w. i.m. daily during a 14 day period. The bone defect is
completely filled with trabecular bone (toluidine blue stain; original
magnification:310).

Figure 4. Vital staining studies (oxytetracycline 50 mg/kg i.m. at post-
operative day 14, calcein 30 mg/kg i.m. at postoperative day 28, alizarin
20 mg/kg i.m. at postoperative day 38) generally correlate with previ-
ously described findings. Pentadecapeptide BPC-157 given at 10mg/kg
b.w. i.m. for 14 days (original magnification:3260).
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injection of bone marrow into the bone defect or non-union sites
eases bone healing.6,20,36Whether a similar mechanism could be
suggested for pentadecapeptide BPC 157, remains to be seen.

Also applied locally into the bone defect, pentadecapeptide
BPC-157, as could be assumed from the increased number of the
rabbits with the healed defect, beneficially influences the healing
of the bone defect that would otherwise remain unhealed in all
control rabbits, at least throughout the tested experimental pe-
riod. This is along with the increased number of the rabbits with
healed defect also in other BPC-157 regimens. Considering local
application, since the carrier is generally considered to perform
several important functions, including the releasing osteoinduc-
tive protein at an effective dose during a period coincident with
the accumulation of host target cells, possibly protecting osteoin-
ductive protein from nonspecific proteolysis, and accommodat-
ing each step of the cellular response during bone formation,8 the
evidence that this pentadecapeptide was applied without special
carrier, dissolved in saline, is probably important. It could sug-
gest that this pentadecapeptide by itself is suitably stable (since
non degraded in human gastric juice even for 24 h) providing its
suitable presence at the defect site and the potential upregulation
of the growth factor, as well as other local factors, triggering a
sufficient stimulation of bone formation to close gaps. On the
other hand, for systemic pentadecapeptide BPC-157 application,
considering that besides the number with the healed defect, the
other parameters (i.e., in radiographic assessment the callus
surface, microphotodensitometry, quantitative histomorphom-
etry) also revealed statistical difference, the effectiveness when it
applied intramuscularly is probably more important. Namely,
this salutary effect is increased with duration of the treatment
(i.e., the continuous application for two weeks was noted to be
clearly more efficacious than an intermittent medication (that
would already increase the number of animals with the healed
defect). In line with this may be the evidence that in the later
intervals, if applied continuously, besides 10mg/kg dose, even
much lower amounts such as 10 ng/kg became effective also
when assessed histomorphometrically. However, the precise
mechanisms remain to be further explained. Considering that
bone repair is a vascular and cellular process, like the healing of
wound, and that this pentadecapeptide would beneficially in-
crease the wound healing43,49 as well, the process(es) common
for wound and bone healing, could probably be beneficially
influenced by its salutary activities. Recently, it was shown that
this pentadecapeptide could protect endothelium,51,55modulates
the release of nitric oxide (NO)18,57 and it has angiogenic
properties43,53 and would promote new vessels formation, an
activity regularly impaired markedly in nonunion healing.44

Finally, since the cells of bone, especially those of the perios-
teum, endosteum and medullar cavity, are the source of healing
tissue44 they could be directly or indirectly targeted by this
pentadecapeptide. The mentioned evidence that gastric epithelial
cells are known to have a property of inducing osteogenesis,44

along with possible stomach significance for bone homeostas-
tis,30,31 together with the evidence that this pentadecapeptide
seems to be constitutively present in gastric mucosa being
secreted into gastric juice3,20,28,37,41,43,47–55,63–66may provide
an additional indication.

Finally, the noted evidence that this pentadecapeptide would
markedly improve a nonunion healing, even when it was given
one week after injury (and not immediately following surgery as
standard autologous bone graft12) and applied intramuscularly,
unlike other peptides (i.e., bone morphogenetic protein (BMP),
mostly active only locally9), may be expected. As mentioned,
this could be clearly explained based on its systemic activity46

shown in gastrointestinal tract,3,41,43,46–54,63–70pancreas,51 liv-
er,55 heart3 and somatosensory neurons lesions,51 where this
pentadecapeptide was efficacious applied either intraperitoneally
or intragastrically. Worth mentioning, besides a prophylactic
activity, a therapeutic potential seen in the present study, could
be also pointed out, since it was clearly effective when applied in
the conditions of the already established severe organs damage
(i.e., gastrointestinal lesions, acute pancreatitis, somatosensory
neurons depletion).46,49–51In line with this beneficial activity is
its mentioned unusual stability3,20,28,38,41,43,48–54,63–66since in-
cubated in human gastric juice or in water, this pentadecapeptide
was not subjected to any degradation at least for 24 h, unlike
other peptides (e.g., hEGF and hTGF, were stable in water, but
rapidly, i.e., after only 15 minutes, degraded in human gastric
juice).63 Along with this may be the finding that this pentade-
capeptide, as an additional advantage, could be stable and easily
applied in saline3,20,28,38,41,43,47–55,63–66without collagen me-
dium (for review see Einhorn13).

In summary, intramuscular administration of pentadecapep-
tide BPC-157 produced results comparable with percutaneous
injection of autologous bone marrow, or autologous bone graft-
ing (whereas its effectiveness could be seen also after local
administration). Naturally, in the light of the suggested stomach
significance for bone homeostasis,29,30,70 the full relevance of
this pentadecapeptide BPC-157-positive effect remains to be
further established. Its application is quite simple and surely
accompanied with fewer complications, for instance, no evidence
for extracortical new bone formation, bony hypertrophy or ec-
topic bone formation was noted (avoiding the risk of reluctant
osteogenesis outside the desired area), unlike some studies with
BMP.8,32,42Finally, this pentadecapeptide in toxicological stud-
ies is apparently nontoxic, even applied in very high doses,46 and
it could be a promising basis for further management of healing
impairment in patients.
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March 1999:195–202 Pentadecapeptide BPC 157 and segmental bone defect



ethanol, indomethacin and capsaicin neurotoxicity. Dig Dis Sci 41:1604–1614;
1996.

52. Sikiric, P., Seiwerth, S., Grabarevic, Z., Rucman, R., Petek, M., Jagic, V.,
Turkovic, B., Rotkvic, I., Mise, S., Zoricic, I., Jurina, J., Konjevoda, P.,
Hanzevacki, M., Ljubanovic, D., Separovic, J., Gjurasin, M., Bratulic, M.,
Artukovic, B., Jelovac, N., and Buljat, G. Salutary and prophylactic effect of
pentadecapeptide BPC 157 on acute pancreatitis and concomitant gastroduo-
denal lesions in rats. Dig Dis Sci 41:1518–1526; 1996.

53. Sikiric, P., Seiwerth, S., Grabarevic, Z., Rucman, R., Petek, M., Jagic, V.,
Turkovic, B., Rotkvic, I., Mise, S., Zoricic, I., Konjevoda, P., Perovic, D.,
Jurina, L., Separovic, J., Hanzevacki, M., Artukovic, B., Bratulic, M., Tisljar,
M., Gjurasin, M., Miklic, P., Stancic-Rokotov, D., Slobodnjak, Z., Jelovac, N.,
and Marovic, A. The influence of a novel pentadecapeptide BPC 157 on
L-NAME and L-arginine effect on stomach mucosal integrity and blood pres-
sure. Eur J Pharmacol 332:23–33; 1997.

54. Sikiric, P., Seiwerth, S., Grabarevic, Z., Rucman, R., Petek, M., Jagic, V.,
Turkovic, B., Rotkvic, I., Mise, S., Zoricic, I., Perovic, D., Simicevic, J.,
Hanzevacki, M., Ljubanovic, D., Artukovic, B., Bratulic, M., Tisljar, M.,
Rekic, B., Gjurasin, M., Miklic, P., and Buljat, G. Pentadecapeptide BPC 157
positively affects both non-steroidal anti-inflammatory agents-induced gastro-
intestinal lesions and adjuvant arthritis in rats. J Physiol (Paris) 91:113–122;
1997.

55. Sikiric, P., Seiwerth, S., Grabarevic, Z., Rucman, R., Petek, M., Rotkvic, I.,
Turkovic, B., Jagic, V., Mildner, B., Duvnjak, M., and Danilovic, Z. Hepato-
protective effect of BPC 157, a 15-aminoacid peptide, on liver lesions induced
by either restraint stress or bile duct and hepatic artery ligation or CCl4

administration. A comparative study with dopamine agonists and somatostatin.
Life Sci 53:291–296; 1993.

56. Stock, W. and Hierner, R. Applications and techniques of vascularized bone
transfer. Injury 25(Suppl. 1):35–45; 1994.

57. Summers, B. N., and Eisenstein, S. M. Donor site pain from the ilium. A
complication of lumbar spine fusion. J Bone Jt Surg 71-B:677–680; 1989.

58. Sun, T. C., Mori, S., Roper, J., Brown, C., Hooser, T., and Burr, D. B. Do
different fluorochrome labels give equivalent histomorphometric information?
Bone 13:443–446; 1992.

59. Thompson, J., Greeley, G. H., Jr., Rayford, P. L., and Townsen, C. M., Jr.
Gastrointestinal Endocrinology. New York: McGraw-Hill; 1987.

60. Tiedeman, J. J., Connolly, J. F., Strates, B. S., and Lippiello, L. Treatment of
nonunion by percutaneous injection of bone marrow and demineralized bone
matrix. An experimental study in dogs. Clin Orthop 268:294–302; 1991.

61. Urist, M. R. Bone: Formation by autoinduction. Science 150:893–899; 1965.
62. Urist, M. R., Mikulski, A., and Lietze, A. Solubilized and insolubilized bone

morphogenetic protein. Proc Natl Acad Sci 76:1828–1832; 1979.
63. Veljaca, M., Chan, K., and Guglietta, A. Digestion of h-EGF, h-TGF alpha, and

BPC-15 in human gastric juice. Gastroenterology 108:761; 1995.
64. Veljaca, M., Pllana, R., Lesch, C. A., Sanchez, B., Chan, K., and Guglietta, A.

Protective effect of BPC 15 on a rat model of colitis. Gastroenterology
106:789; 1994.

65. Veljaca, M., Lech, C. A., Pllana, R., Sanchez, B., Chan, K., and Guglietta, A.
BPC-15 reduces trinitrobenzene sulfonic acid-induced colonic damage in rats.
J Pharmacol Exp Ther 272:417–422; 1994.

66. Veljaca, M., Lesch, C. A., Sanchez, B., Low, J., and Guglietta, A. Protection
of BPC-15 on TNBS-induced colitis in rats: Possible mechanisms of action.
Gastroenterology 108:936; 1995.

67. Wang, E. A., Rosen, V., Cordes, P., Hewick, R. M., Kriz, M. J., Luxenberg,
M. J., Sibley, B. S., and Wozney, J. M. Purification and characterization of
other distinct bone-inducing factors. Proc Natl Acad Sci 85:9484–9488; 1988.

68. Weikel, A. M. and Habal, M. B. Meralgia paresthetica: A complication of iliac
bone procurement. Plast Reconstr Surg 60:572–574; 1977.

69. Wozney, J. M., Rosen, V., Celeste, A. J., Mitsock, L. M., Whitters, M. J., Kriy,
R. W., Hewick, R. M., and Wang, E. A. Novel regulators of bone formation:
Molecular clones and activities. Science 242:1528–1534; 1988.

70. Wu, Y. W., Seto, H., Shimizu, M., Kageyama, M., Watanabe, N., and
Kakishita, M. Postgastrectomy osteomalacia with pseudofractures assessed by
repeated bone scintigraphy. Ann Nucl Med 9:29–32; 1995.

71. Zar, J. H. Biostatistical Analysis. New York: Prentice-Hall; 1974.

Date Received:February 28, 1998
Date Revised:September 11, 1998
Date Accepted:November 2, 1998
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