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Summary

 Background: The effect of systemic and local peptide treatment effective in muscle contusion and then on coun-
teraction of corticosteroid-induced impairment was tested. The pentadecapeptide BPC 157, given 
without a carrier, improved the healing of transected quadriceps muscle. It also improved muscle 
healing in rats with muscle crush injury when applied systemically or locally. Importantly, it coun-
teracted corticosteroid-impairment in tendon to bone healing. Thus BPC 157 is proposed as an 
effective treatment that can improve muscle healing in spite of corticosteroid treatment.

 Material/Methods: After the gastrocnemius muscle complex had been injured, rats received BPC 157 (intraperitoneal-
ly or locally as a cream) and/or 6a-methylprednisolone (intraperitoneally) only once (immediately 
after injury, sacrifice at 2 h) or once daily (final dose 24 hours before sacrifice and/or assessment 
procedure at days 1, 2, 4, 7, and 14). Muscle healing was evaluated functionally, macroscopically, 
and histologically.

 Results: Without therapy, crushed gastrocnemius muscle complex controls showed limited improvement. 
6a-methylprednisolone markedly aggravated healing. In contrast, BPC 157 induced faster muscle 
healing and full function restoration and improved muscle healing despite systemic corticosteroid 
treatment when given intraperitoneally or locally and demonstrated functionally, macroscopically, 
and histologically at all investigated intervals.

 Conclusions: BPC 157 completely reversed systemic corticosteroid-impaired muscle healing.
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Background

Corticosteroids have been repeatedly shown to inhibit the 
healing process and may be a particular problem for mus-
cle contusions healing. This type of injury is very frequent, 
being the leading cause of morbidity from sports-related 
injuries, and corticosteroids are commonly used to relieve 
pain and expedite a player’s return to active status [1–4]. 
Furthermore, this problem is complicated in practice by a 
lack of suitable pharmacological agents, including standard 
peptides that can improve muscle healing in spite of corti-
costeroid treatment.

We recently demonstrated that the pentadecapeptide BPC 
157 accelerated post-injury muscle healing with full func-
tion restoration [5,6]. It also recovered transected Achilles 
tendon [7–9] and transected quadriceps muscle [6], and 
thereby the tendon-muscle unit. Importantly, it counter-
acted negative aspects of corticosteroids [7,8,10] and cor-
ticosteroid impairment in tendon to bone [7,8] and ther-
mal injury [10,11] healing. BPC 157 also seems to be of 
high physiological importance [12] as an anti-ulcer agent 
[10-14] effective in trials for inflammatory bowel disease 
(code name PL 14736, Pliva, Croatia), without toxicity re-
ported so far [15–17]. Unlike standard peptides, it does not 
need a carrier and is resistant to highly degrading media 
[5–23]. BPC 157 actively stimulated early collagen organi-
zation even under very unfavorable conditions [5-11] and 
also stimulated the expression of early growth response 1 
(egr1) gene and its repressor, nerve growth factor 1-A bind-
ing protein-2 (nab2) [21].

Thus, assuming that this stable peptide is advantageous in the 
therapy of crushed gastrocnemius muscle complex (GMC) 
[5] and is effective when given either locally or systemical-
ly, without a carrier, also in debilitated healing in cortico-
steroid-treated animals [7,8,10], we attempted to show its 
effect on the healing of crushed muscle in rats additional-
ly impaired with 6a-methylprednisolone given systemically.

Material and Methods

Rats

We used male Wistar Albino rats, 280–320 g body weight, 
with at least 10 rats randomly assigned to each experimen-
tal groups.

Injury induction

We used the previously described experimental procedure 
for crush injury [5]. The hind limbs were shaved a day be-
fore trauma and the animals were anesthetized before inju-
ry induction. A force of 0.727 Ns/cm2 was delivered to the 
maximum diameter of the GMC, 2 cm proximal to the in-
sertion of the Achilles tendon. The experimental procedure 
was approved by the Ethics Committee of the University of 
Zagreb Medical School.

Medication

Medication (agents applied alone or in combination) was 
given only once, i.e. immediately after injury (sacrifice after 
2 h), and/or once daily, receiving the final dose 24 hours 

before sacrifice and/or the assessment procedure at days 1, 
2, 4, 7, and 14. The medication included 6a-methylprednis-
olone (Depo-Medrol, Pfizer, USA) 1.0 mg/kg intraperito-
neally; pentadecapeptide BPC 157 (GEPPPGKPADDAGLV, 
M.W. 1419, manufactured by Diagen, Ljubljana, Slovenia 
[5–11,13,18,24–30]) 10 µg/kg and 10 ng/kg intraperitoneally, 
given without a carrier or peptidase inhibitor, dissolved in sa-
line or saline alone (5.0 ml/kg); or BPC 157 locally as 1.0 µg 
or 0.01 µg dissolved in distilled water per gram of commercial 
neutral cream (Belobaza, Belupo, Croatia), or commercial 
neutral cream applied as a thin cream layer at the injury site.

Functional evaluation

Functional evaluation, as previously described [5], was car-
ried out by an observer unaware of the given treatment. 
It was performed at days 1, 2, 4, 7, and 14 following in-
jury and included walking analysis and muscle function. 
DeMedinaceli’s sciatic functional index (SFI) was used for 
the walking analysis, this being:

SFI = –38.3×(EPL–NPL)/NPL+109.5×(ETS–NTS)/
NTS+13.3×(EIT–NIT)/NIT–8.8

where EPL and NPL are print length on the experimen-
tal and normal sides, ETS and NTS toe spread between the 
first and fifth digits on the experimental and normal sides, 
and EIT and NIT the distance between the middle of the 
second and fourth toes on the experimental and normal 
sides. Muscle function was evaluated using Koka’s exten-
sor postural thrust (EPT), i.e. a modified motor function 
index (MFI) assessed as the weight on a digital weight scale 
(precision: 0.001 g) born by the experimental or normal 
hind limb at the moment when the rat, held upright with 
the hind limb extended and placed upon the scale, begins 
to bear weight on the scale, as: EPT=(NEPT–EEPT)/NEPT, 
where NEPT and EEPT are the EPT values on the normal 
and experimental sides, respectively.

Macroscopy

Macroscopy at 2 h and on days 1, 2, 4, 7, and 14 follow-
ing injury included severity of GMC injury and the maxi-
mum hind limb GMC circumference at the maximum im-
pact site, i.e. approximately 2 cm above the insertion of the 
Achilles tendon. The severity of GMC injury was present-
ed as a score ranging from 0 to 9, a sum of scored hemato-
ma + swelling (edema) + erythema (0–3 for each parame-
ter, with 0 – no injury presented, 1 – minimal, 2 – medium, 
and 3 – severe injury).

Pathohistological analysis

For histological analysis, the muscle was fixed immediate-
ly after skinning the injured leg in buffered formalin (pH 
7.4) for 24 h, dehydrated, and embedded in paraffin wax. 
Muscle samples were cut, stained with hematoxylin and eo-
sin and immunohistochemically for desmin (Dako, Glostrup, 
Denmark), and examined in a blinded fashion. For mor-
phometrical analysis, hot-spot assessment and the special 
programs SFORM and ISSA (VAMSTEC, Zagreb, Croatia) 
were used. Five high-power fields were randomly selected for 
analysis from the area of maximal tissue damage, which was 
detected on semi-serial muscle sections. Inflammatory cells 
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and myofibers with centralized nuclei were counted in the 
selected areas and fiber diameters (µm) and desmin-posi-
tive areas (expressed as the percentage of analyzed area) 
were also measured.

Statistical analysis

The Kruskall-Wallis and Mann-Whitney tests were used for 
statistical analysis. The data are presented as the minimum, 
median, and maximum. All values of p<0.05 were consid-
ered statistically significant.

results

Without therapy after GMC crush, the controls commonly 
showed limited improvement. In regenerating muscle, stron-
ger desmin immunoreactivity and more myoblasts with cen-
tralized nuclei were found after post-injury day 7 and also 
presented at day 14 with excessive scar formation along with 
failed function (Tables 1–4, Figures 1–3).

The BPC 157 protocols shifted the morphological and 
immunohistochemical parameters toward earlier muscle 

regeneration, along with a rapid function recovery. At 24 
h post-injury, there was less edema and some cells in the 
location of satellite cells of myocytes adjacent to damage 
area became hyperplastic and expressed significant des-
min immunoreactivity. At post-injury day 4, more desmin 
immunoreactivity in myoblastic cells and more regenerat-
ing myofibers with centralized nuclei were present, along 
with a substantial number of blood vessels in the damaged 
area with strong desmin immunoreactivity of the prolifer-
ating cells in their walls. In the end, together with less scar 
formation, full function was completely recovered and con-
tracture was not present. After an initial increase, fewer in-
flammatory cells were present throughout the experiment.

These findings contrasted with those of the crushed rats 
that continuously received 6a-methylprednisolone alone. 
Aggravation finally presented on post-injury day 14, char-
acterized by marked muscle atrophy, disorganized muscle 

fibers, and disruption of the normal tissue architecture. 
Inflammatory response by post-injury day 7 was delayed, 
with more inflammatory cells and macrophages, few fibro-
blasts and myotubes, and necrotic tissue still present. Soon 
after an initial marked decrease in tissue cellularity, with 

Assessed parameter 
Med (Min/Max)

Control BPC 157 10 ug/kg BPC 157 10 ng/kg

Time Saline 6α-MP Saline 6α-MP Saline 6α-MP

Injury 
severity*

2h 8.5
(6.0/9.0)

6.75†

(4.1/8.75)
5.2§

(2.0/7.0)
4.7‡

(2.0/8.2)
4.5§

(3.0/5.0)
4.5§

(3.0/7.5)

1d 7.5
(6.0/8.0)

4.5†

(3.9/7.5)
2.5§

(1.0/6.0)
2.35§

(0.5/5.5)
3.0§

(1.0/4.0)
2.3§

(0.5/5.0)

2d 5.5
(2.0/8.0)

3.75†

(2.0/4.45)
2.0†

(1.0/5.0)
1.9‡

(0.5/5.5)
2.5†

(2.0/4.0)
2.0†

(1.0/5.5)

4d 2.0
(1.0/4.0)

1.5
(0.5/4.5)

0.5§

(0.0/2.0)
0.4§

(0.0/3.0)
1.5§

(0.0/1.0)
1.0§

(0.0/3.0)

7d 1.0
(0.0/3.0)

0.0
(0.0/3.0)

0.0
(0.0/0.0)

0.57
(0.0/1.0)

0.0
(0.0/0.0)

0.0
(0.0/0.5)

14d 0.0
(0.0/0.0)

0.0
(0.0/0.0)

0.0
(0.0/0.0)

0.0
(0.0/0.0)

0.0
(0.0/0.0)

0.0
(0.0/0.5)

GMC 
circumference# 

(mm)

2h 4.5
(3.0/6.0)

4.0
(2.5/5.7)

3.5§

(2.0/4.0)
2.5§

(1.5/4.0)
3.0§

(1.0/4.0)
2.5§

(1.5/3.5)

1d 4.5
(4.0/8.0)

3.6†

(2.4/5.7)
3.5§

(0.0/4.0)
2.3

(0.5/3.5)
2.0‡

(1.0/5.0)
2.0

(1.0/3.5)

2d 4.0
(2.0/9.0)

3.3†

(1.8/7.2)
1.5§

(0.0/3.0)
0.7

(0.0/3.0)
2.0

(1.0/5.0)
0.8

(0.0/3.5)

4d 2.0
(0.0/6.0)

0.0
(0.0/6.4)

0.5‡

(–1.0/3.0)
0.0‡

(–1.0/2.0)
0.0‡

(0.0/4.0)
0.0‡

(–1.0/3.0)

7d 0.0
(–1.0/5.0)

–2.0‡

(–3.0/4.7)
0.0

(–3.0/3.0)
0.0

(–3.0/2.0)
0.0

(0.0/1.0)
0.0

(–1.0/3.5)

14d 0.5
(0.0/2.0)

–3.0‡

(–4.0/2.7)
0.0†

(–1.0/0.0)
0.0

(–1.0/0.5)
0.0

(0.0/1.0)
0.0

(–2.0/2.5)

Table 1. Macroscopic evaluation after intraperitoneal application of BPC 157.

6α-MP – 6α-methylprednisolone 1 mg/kg intraperitoneally; Med – median; Min – minimal value; Max – maximal value; * injury severity score: 
hematoma (0–3) +edema (0–3) +erythema (0–3); GMC – gastrocnemius muscle complex; h – hours; d – days; † p<0.05, ‡ p<0.01, § p<0.001 vs. 
control; # difference between the maximum hind limb gastrocnemius muscle complex (GMC) circumference after and before injury.
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fewer inflammatory cells, deterioration occurred. However, 
this early recovery was not evident in functional tests as they 
became visibly worse than in the controls, which was con-
sistent with the more pronounced contracture, worse mus-
cle capability, and impaired walk.

All these pitfalls were fully counteracted in the BPC 157 rats 
on both systemic and local regimens. With grossly less vis-
ible lesion, the rats walked better, muscle function rapid-
ly recovered, presenting a highly advanced healing course 
and with no post-injury contraction at the end, which was 
generally consistent with the microscopic and immunohis-
tochemical findings (Tables 1–4, Figures 1–3).

discussion

After crush, GMC defects permit only very poor spontaneous 
healing and crushed GMC controls exhibited only limited 
improvement [5]. Of note, this failure could be further ag-
gravated; systemic application of corticosteroid induced an 
additional impairment. The resulting aggravation of mus-
cle healing in the corticosteroid-treated rats with crushed 
GMC was consistent with the commonly described downhill 

corticosteroid course: early transient recovery, a sparing 

effect on the local muscle tissue with inhibition of the in-
flammatory response, followed by unwanted atrophy and 
failed collagen synthesis by inhibition of the inflammatory 
response in the long term [1–4]. BPC 157, in contrast, con-
sistently improved muscle healing [5,6] when given intra-
peritoneally as well as locally (as a cream). The noted ame-
lioration has to be a strong effect; the positive effect of BPC 
157 on muscle crush injury [5] can clearly improve muscle 
healing in spite of corticosteroid treatment.

It should be noted, however, that the possible mechanism 
of BPC 157 on the recovery of crushed rat muscle treat-
ed with 6a-methylprednisolone remaines elusive, con-
sidering that glucocorticoids act on target tissue to pro-
duce a variety of effects, but their final significance has 
not been completely elucidated [1–4]. Even so, the not-
ed evidence that BPC 157 reversed corticosteroid impair-
ment in rats with crushed GMC is consistent with the de-
scribed systemic counteractions to corticosteroid-impaired 
healing (tendon injuries [7,8], and burns [10]), particu-
larly since these BPC 157 dose regimens and modes of ap-
plication have been successfully used [7,8,10]. Together, 

Assessed parameter 
Med (Min/Max) Time

Control BPC 157 1 ug (per g of cream) BPC 157 10 ng (per g of cream)

Cream 6α-MP Cream 6α-MP Cream 6α-MP

Injury severity*

2h 8.0
(6.0/9.0)

6.5‡

(4.0/9.0)
3.5§

(1.5/6.0)
3.5§

(1.0/5.5)
3.5§

(1.0/6.0)
3.5§

(1.5/5.0)

1d 6.5
(4.0/7.0)

4.0‡

(2.5/6.5)
1.5§

(1.0/5.0)
1.5§

(0.5/3.5)
2.5§

(2.0/4.0)
2.5§

(1.0/4.0)

2d 5.5
(1.0/7.0)

3.0†

(2.0/6.0)
2.0†

(0.0/4.0)
2.0†

(0.5/2.5)
1.5‡

(1.0/4.0)
1.5‡

(0.5/2.0)

4d 1.5
(1.0/3.0)

1.5
(0.5/3.0)

0.5†

(0.0/2.0)
0.5†

(0.0/2.5)
1.5†

(0.0/3.0)
0.5†

(0.0/2.0)

7d 0.0
(0.0/2.0)

1.0
(0.0/1.0)

0.0
(0.0/0.0)

0.0
(0.0/0.0)

0.0
(0.0/0.0)

0.0
(0.0/0.0)

14d 0.0
(0.0/0.0)

0.0
(0.0/0.0)

0.0
(0.0/0.0)

0.0
(0.0/0.0)

0.0
(0.0/0.0)

0.0
(0.0/0.0)

GMC 
circumference# 

(mm)

2h 5.0
(3.0/7.0)

4.6
(3.1/6.3)

2.0§

(0.0/5.0)
1.7§

(1.0/3.4)
2.0§

(1.0/5.0)
1.6§

(0.8/3.3)

1d 5.0
(3.0/6.0)

4.3
(2.4/7.3)

1.0§

(0.0/3.0)
0.5

(0.0/2.8)
3.5§

(1.0/5.0)
2.0

(0.5/4.7)

2d 3.0
(1.0/5.0)

2.4
(1.7/4.5)

0.5§

(0.0/2.0)
0.2

(–1.6/2.4)
2.5

(0.0/4.0)
2.0

(1.0/3.1)

4d 0.5‡

(0.0/3.0)
0.5

(0.0/4.5)
0.0

(–2.0/3.0)
0.0

(–1.5/1.5)
2.0

(0.0/4.0)
1.0

(–0.5/2.3)

7d 1.0
(–1.0/2.0)

–2.0‡

(–3.0/5)
0.0

(–1.0/1.0)
0.0

(–1.4/1.6)
0.0

(0.0/1.0)
0.0

(–1.7/2.2)

14d 0.0
(–1.0/1.0)

–3.0‡

(–4.0/3.0)
0.0

(–1.0/0.0)
0.0

(–2.1/1.1)
0.0

(0.0/1.0)
0.0

(–1.5/2.0)

Table 2. Macroscopic evaluation after topical application of BPC 157.

6α-MP – 6α-methylprednisolone 1 mg/kg intraperitoneally; Med – median; Min – minimal value; Max – maximal value; * injury severity score: 
hematoma (0–3) +edema (0–3) +erythema (0–3); GMC – gastrocnemius muscle complex; h – hours; d – days; † p<0.05, ‡ p<0.01, § p<0.001 vs. 
control; # difference between the maximum hind limb gastrocnemius muscle complex (GMC) circumference after and before injury.
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these data suggest that BPC 157 can have a particular re-
lationship with the corticosteroid system. Accordingly, in 

burned animals BPC 157 not only counteracted corticoste-
roid wound impairment, but also inhibited corticosteroid 

Assessed parameter 
Med (Min/Max) Time

Control BPC 157 10 ug/kg BPC 157 10 ng/kg

Saline 6α-MP Saline 6α-MP Saline 6α-MP

SFI

2h –
(–/–)

–
(–/–)

–
(–/–)

–
(–/–)

–
(–/–)

–
(–/–)

1d –33.6
(–42.2/–29.4)

–29.4
(–45.25/–17.3)

–23.9†

(–41.6/–9.8)
–21.7†

(–40.3/–15.4)
–22.8†

(–46.7/–14.5)
–22.4†

(–47.3/–16.2)

2d –32.3
(–42.3/–21.0)

–27.3
(–40.6/–17.3)

–21.4†

(–26.9/–1.0)
–18.8‡

(–34.8/–5.7)
–22.6‡

(–35.2/–2.8)
–20.7‡

(–34.2/–3.4)

4d –24.0
(–34.7/–12.6)

–19.7
(–37.4/–10.23)

–10.7‡

(–25.9/2.9)
–9.3‡

(–12.3/–4.7)
–14.8‡

(–25.8/–6.7)
–8.5‡

(–16.7/–4.2)

7d –18.3
(–22.4/–7.4)

–18.5
(–24.3/–5.7)

–4.5§

(–15.2/7.7)
–9.3§

(–15.2/–3.5)
–9.0†

(–14.7/1.3)
–8.4§

(–12.3/1.1)

14d –11.0
(–24.5/0.4)

–20.4†

(–24.11/–5.3)
–2.6§

(–8.3/7.2)
–2.3§

(–12.5/–3.7)
–2.0‡

(–12.4/4.7)
–2.4‡

(–14.9/1.5)

EPT

2h –
(–/–)

–
(–/–)

–
(–/–)

–
(–/–)

–
(–/–)

–
(–/–)

1d 0.5
(0.2/0.5)

0.46
(0.2/0.7)

0.3§

(0.1/0.3)
0.28§

(0.0/0.4)
0.3§

(0.1/0.3)
0.1§

(0.1/0.3)

2d 0.2
(0.15/0.5)

0.17
(0.1/0.3)

0.1§

(0.0/0.3)
0.075

(0.0/0.3)
0.0§

(0.0/0.2)
0.045

(0.0/0.2)

4d 0.2
(0.2/0.3)

0.15
(0.0/0.4)

0.1§

(0.1/0.2)
0.6§

(0.0/0.2)
0.1§

(0.1/0.1)
0.3§

(0.0/0.1)

7d 0.2
(0.1/0.5)

0.38‡

(0.1/0.5)
0.1§

(–0.1/0.3)
0.1§

(0.0/0.3)
0.0§

(0.0/0.0)
0.05§

(0.0/0.15)

14d 0.2
(0.0/0.2)

0.32‡

(0.1/0.5)
0.1§

(0.1/0.2)
0.15§

(0.0/0.3)
0.0§

(–0.1/0.1)
0.15§

(0.0/0.2)

Table 3. Functional evaluation after intraperitoneal application of BPC 157.

6α-MP – 6α-methylprednisolone 1 mg/kg intraperitoneally; SFI – Sciatc Functional Index; EPT – Extensor Postural Thrust, motor function index; 
h – hours; d – days; Med – median; Min – minimal value; Max – maximal value; † p<0.05, ‡ p<0.01, § p<0.001 vs. control.

Figure 1.  Presentation of myonuclei and myofibers 
diameters. The number of myoblasts 
with centralized nuclei in animals treated 
with BPC 157 alone or in combination 
with 6α-methylprednisolone is higher 
after 4 days compared with control 
animals and animals treated with 
6α-methylprednisolone, while the results 
after 14 days are completely opposite, 
which suggests impaired muscle healing 
in the latter groups. The positive effect 
of BPC 157 and 6α-methylprednisolone 
is also evident in the constantly larger 
diameter of myofibers. *p<0.01, at least, 
vs. control.
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immunosuppression [8,9]. In rats with the Achilles tendon 
sharply detached from the bone edge, the stable peptide 

BPC 157 can be a novel therapeutic approach to improve 
early healing of ischemic or injured tissue. Namely, BPC 

Assessed parameter 
Med (Min/Max) Time

Control BPC 157 1 ug (per g of cream) BPC 157 10 ng (per g of cream)

Cream 6α-MP Cream 6α-MP Cream 6α-MP

SFI

2h –
(–/–)

–
(–/–)

–
(–/–)

–
(–/–)

–
(–/–)

–
(–/–)

1d –39.0
(–48.5/–30.7)

–35.2
(–51.3/–22.4)

–27.2†

(–42.6/–14.6)
–26.5

(–39.4/–18.2)
–31.6‡

(–43.6/–13.0)
–28.6

(–40.4/–14.3)

2d –34.3
(–40.0/–23.8)

–30.7
(–44.2/–23.3)

–18.0†

(–33.3/–10.5)
–15.7

(–33.6/–12.5)
–25.0‡

(–41.9/–6.8)
–21.3

(–38.4/–11.6)

4d –22.9
(–32.5/–10.2)

–17.3
(–31.7/–12.5)

–14.5
(–27.5/–4.7)

–13.6
(–24.0/–7.6)

–14.9
(–36.8/–11.5)

–11.8
(–24.1/–6.1)

7d –19.7
(–35.1/–6.5)

–15.2
(–25.5/–8.4)

–12.2†

(–15.8/1.7)
–10.2

(–26.7/–4.0)
–14.3

(–26.4/–6.7)
–10.2

(–18.3/–4.3)

14d –15.6
(–24.8/–4.5)

–15.3
(–20.7/–7.2)

–7.3†

(–11.7/15.3)
–5.5

(–12.4/3.2)
–4.4†

(–10.7/2.6)
–2.6

(–9.3/3.1)

EPT

2h –
(–/–)

–
(–/–)

–
(–/–)

–
(–/–)

–
(–/–)

–
(–/–)

1d 0.4
(0.2/0.5)

0.37
(0.3/0.45)

0.3§

(0.1/0.3)
0.25§

(0.15/0.3)
0.3§

(0.1/0.3)
0.3§

(0.1/0.5)

2d 0.2
(0.2/0.5)

0.15
(0.1/0.25)

0.1§

(0.0/0.2)
0.1§

(0.05/0.2)
0.1§

(0.1/0.2)
0.1§

(0.0/0.2)

4d 0.3
(0.1/0.5)

0.24
(0.05/0.2)

0.1§

(0.1/0.2)
0.07§

(0.05/0.15)
0.1§

(0.1/0.1)
0.05§

(0.0/0.1)

7d 0.2
(0.2/0.4)

0.35‡

(0.1/0.5)
0.1§

(0.1/0.2)
0.1§

(0.0/0.2)
0.1§

(0.0/0.2)
0.05§

(0.0/0.15)

14d 0.2
(0.0/0.3)

0.35‡

(0.2/0.5)
0.0§

(–0.1/0.0)
0.0§

(–0.1/0.0)
0.0§

(–0.1/0.0)
0.0§

(–0.1/0.0)

Table 4. Functional evaluation after topical application of BPC 157.

6α-MP – 6α-methylprednisolone 1 mg/kg intraperitoneally; SFI – Sciatc Functional Index; EPT – Extensor Postural Thrust, motor function index; 
h – hours; d – days; Med – median; Min – minimal value; Max – maximal value; † p<0.05, ‡ p<0.01, § p<0.001 vs. control.

Figure 2.  Inflammatory cells and desmin 
immunoreactivity. Comparing 
animals treated with BPC 157 
alone or in combination with 
6α-methylprednisolone with controls 
or 6α-methylprednisolone animals, a 
more robust inflammatory response 
in the earlier interval with a decrease 
in the later intervals is obvious, as 
well as initially increased desmin 
immunoreactivity. All this parameters 
favor improved healing. *p<0.01, at 
least, vs. control.
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157 decreased MPO activity and inflammatory cell influx 
with increased new blood vessel formation, unlike the de-
crease seen with 6a-methylprednisolone [7]. Thus BPC 157 
application rescued both the regular healing drawbacks 
and the more complex impairment that appeared after 
prolonged systemic corticosteroid application. Commonly, 
after BPC 157 was applied, reversal of the impaired healing 
and better collagen organization occurred [5–11], point-
ing to its particular counteracting effect on corticosteroid 
treatment. Considering that peptides generally have a short 
half-life but prolonged effects (BPC 157 is no exception; 
for review see, e.g. [17,24]), it may be that also BPC 157 
can successfully trigger a particular chain of secondary 
events increasing its beneficial effect. In support of this 
it was demonstrated in wound healing [21] that BPC 157 
was more active than PDGF-BB in stimulating early colla-
gen organization and expression of egr1 gene and its re-
pressor nab2. This can be important since egr-1 plays an 
important role in vascular recovery [31] and muscle func-
tion (continuous contractile activity led to a particular in-
crease in egr-1 mRNA) [32]. Also, egr-1 has an important 
role for glucocorticoids and the activated glucocorticoid 
receptor [33]. Finally, BPC 157 also counteracted ACTH 
secretion, but was ineffective after adrenalectomy [27]. 
Therefore, BPC 157 can induce faster healing, usefully 
interacting with corticosteroid functions and modulating 
corticosteroid impairment [7,8,10,27].

Another possibility might be that, as previously described 
[13], pentadecapeptide BPC 157 interacted with the so-
matosensory neurons and their function, and this led to 
nerve healing and regeneration, which is very important 
for muscle healing [34]. Unlike standard growth factors, 
BPC 157 considerably affected/modulated the NO system 
in different species [25,26,28,30]. NO has an essential role 
in collagen tissue organization [35,36], and BPC 157/NO 
interaction [25,26,28,30] (vs. corticosteroids) correspond-
ed to a more pronounced and better collagen organization. 
Importantly, systemic treatment with glucocorticoids signif-
icantly altered the expression levels of inducible nitric ox-
ide synthase (iNOS) and GTP-cyclohydrolase I (GTP-CH 

I), the reaction-limiting enzyme in the biosynthesis of the 
iNOS cofactor (6R) 5,6,7,8-tetrahydropbiopterin (6-BH4), 
during the repair process. Expression of iNOS and GTP-
CH I was suppressed by glucocorticoids in normal, and to 
a much greater extent in wounded skin [35]. In addition, 
as mentioned, unlike corticosteroids [37], BPC 157 has a 
strong angiogenic effect [5–11,24,29] and directly protects 
endothelium [24] and counteracts endothelin over-expres-
sion [30], which might be important considering endothe-
lin’s role in fibrosis development [38].

The final point can be related to the evidence that these 
muscle crush injuries may respond to therapy affecting 
the accompanying inflammatory process. Importantly, as 
mentioned, BPC 157’s beneficial effect on wound heal-
ing paralleled the reduction in the inflammatory cells and 
MPO [5–11,18–21] and it also reduced levels of LTB4 and 
TXB2 in both the serum and inflamed tissues [39]. These 
can be perceived as a purposeful peptide healing deliv-
ery to injured muscle, important in resolving the corti-
costeroid anti-inflammatory controversy. Regularly, BPC 
157 did not impede corticosteroid’s initial recovery, but 
it did inhibit the latter’s healing breakdown, character-
ized by failed healing in corticosteroid-treated rats with 
crush injury [7,8,10].

Finally, whatever the final mechanism(s), with evident appro-
priate healing and effective function recovery [5–11,18–21], 
because it is always given alone [5–30,39] BPC 157 over-
rides the unstable standard peptides regularly applied with 
carrier(s) and, thereby, the considerable methodological/ac-
tivity dilemmas of peptide+carrier(s) complexes [40,41]. 
Carrier addition, particularly in wound healing [40–42], 
modified the original effects of growth factors (whose own 
activity is practically very weak) and could not solve prob-
lems in systemic/local peptide treatment for muscle healing 
[1–4,20], i.e. (in)efficiency, uncertain delivery and, conse-
quently, their practical utility for corticosteroid disturbanc-
es. Thus BPC 157’s effects can be much more accepted to be 
the peptide’s own effects, and the proposed mechanism(s) 
more likely reliable.

Figure 3.  Histological presentation. Hematoxylin 
and eosin stained slides of muscle fibers 
14 days after injury, demonstrating 
larger myofibers in BPC 157 and 
6α-methylprednisolone+BPC 
157 animals (lower left and right, 
respectively) with smaller numbers of 
centralized myonuclei compared with 
the control and 6α-methylprednisolone-
treated animals (upper left and right, 
respectively). (Objective ×25).
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conclusions

The pentadecapeptide BPC 157 is capable to ameliorate 
wound healing and muscle contusion injury even in corti-
costeroid-treated rats. BPC 157 completely reversed system-
ic corticosteroid impairment in muscle healing, modulated 
corticosteroid’s effects, and represents a potentially impor-
tant peptide therapy.
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