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Important Disclaimer and Scope
This book is a synthesis of the published scientific literature on BPC-157 (Body 
Protection Compound 157). It is intended as an educational and reference resource 
for  clinicians,  researchers,  students,  and  informed  readers  who  wish  to 
understand what the current evidence does and does not establish about this 
peptide. It is not medical advice, and it is not a recommendation to use, prescribe, 
sell, or obtain BPC-157.

As of the writing of this book, BPC-157 is not approved by the United States Food 
and Drug Administration (FDA), the European Medicines Agency (EMA), or any 
other major national regulatory body for any medical indication. It is prohibited at 
all times for athletes under the World Anti-Doping Agency (WADA) Prohibited List. 
The  vast  majority  of  the  supporting  evidence  comes  from  preclinical  animal 
studies, and a substantial fraction of that work has been produced by a single 
research group. Human evidence remains extremely limited.

Throughout  this  book,  claims  are  accompanied  by  numbered  inline  citations 
corresponding  to  the  references  section  at  the  end.  Readers  are  strongly 
encouraged to consult the primary literature directly rather than relying on any 
single summary, including this one. Where the evidence is weak, conflicted, or 
generated by parties with potential conflicts of interest, the text says so.

Page 2 of 118



BPC-157 · Evidence Simplified

Contents
Preface............................................................................................................. 4

Chapter One — Origins, Chemistry, and Pharmacology....................6

Chapter Two — Mechanisms of Action................................................14

Chapter Three — Preclinical Evidence.................................................20

Chapter Four — Neurological and Systemic Effects.........................25

Chapter Five — Human Evidence and Regulatory Status...............32

Chapter Six — Formulations and Routes.............................................44

Chapter Seven — Dosing Protocols........................................................58

Chapter Eight — BPC-157 and TB-500...................................................61

Chapter Nine — Global Regulatory Status...........................................67

Chapter Ten — Clinical Applications by Indication..........................80

Chapter Eleven — Veterinary Use in Companion Animals.............95

References..................................................................................................107

Appendix A — Glossary of Terms........................................................114

About the Author......................................................................................118

Page 3 of 118



BPC-157 · Evidence Simplified

Preface
Few  molecules  in  modern  regenerative  medicine  have  generated  as  much 
enthusiasm and as much skepticism, in such unequal  measure,  as  BPC-157.  A 
fifteen amino acid peptide derived from a protein fragment originally identified in 
human gastric juice, BPC-157 has been the subject of more than thirty years of 
preclinical research, the great majority of it concentrated in a single laboratory at 
the University of Zagreb in Croatia. The published animal data describe a strikingly 
pleiotropic compound that accelerates the healing of tendons, ligaments, muscles, 
bone,  skin,  the  gastrointestinal  mucosa,  and  various  organ  tissues  in  rodent 
models; that modulates the nitric oxide system, vascular endothelial growth factor 
signaling, and several neurotransmitter pathways; and that has, in the laboratory, 
displayed an unusual safety margin.

Outside the laboratory, BPC-157 has acquired an enthusiastic following among 
athletes,  biohackers,  and patients  with chronic  musculoskeletal  injuries,  often 
through compounding pharmacies, online research chemical vendors, and clinics 
operating in unsettled regulatory territory. Whether the molecule deserves either 
the  laboratory  enthusiasm  or  the  consumer  interest  is  a  question  that  the 
published evidence alone cannot yet answer. What the evidence can do is define 
the boundaries of present knowledge with some precision, and that is the task of 
this book.

The eleven chapters that follow proceed from the molecule to the patient and then 
beyond the patient to the practical and regulatory terrain in which BPC-157 is 
actually  encountered.  Chapter  One  examines  the  discovery,  chemistry,  and 
pharmacological  profile  of  BPC-157.  Chapter  Two  surveys  the  proposed 
mechanisms of action, with particular attention to the angiogenic and nitric oxide 
pathways that appear most central. Chapter Three reviews the preclinical evidence 
for musculoskeletal applications, gut and wound healing, where the animal data 
are most extensive. Chapter Four addresses neurological effects, the gut-brain axis, 
and systemic actions that have drawn growing interest. Chapter Five examines 
what is known from human use, the safety record, where BPC-157 sits in the global 
regulatory landscape, and the most plausible future directions for the molecule. 
Chapter Six surveys the available formulations, including topical creams for skin 
and burns, oral capsules, intranasal sprays, and emerging sublingual preparations, 
with attention to the distinct regulatory frameworks that govern each. Chapter 
Seven assembles the dosing protocols that recur in the published literature and in 
clinical practice, with appropriate caveats about the absence of pivotal human 
trials. Chapter Eight compares BPC-157 with thymosin beta-4 and its derivative TB-
500, the most frequently invoked counterpart in the regenerative peptide field. 
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Chapter Nine maps the global regulatory status of BPC-157 continent by continent, 
distinguishing where the molecule is formally restricted, where it is unregulated in 
practice, and where it is actively in flux. Chapter Ten organizes the evidence by 
clinical indication, summarizing what the published literature does and does not 
support for each of the conditions for which BPC-157 is most commonly used in 
contemporary practice. Chapter Eleven addresses the use of BPC-157 in companion 
animals, principally dogs, where the off-label veterinary literature has grown in 
parallel with the human one. The book closes with a References section listing the 
sixty-eight primary sources cited throughout, an Appendix A glossary of technical 
terms intended for an educated general reader, and a brief About the Author note.

A  note  on  citation  conventions.  Numbered  references  in  square  brackets 
correspond to the bibliography at the end of the book. Where claims are contested, 
attribution  is  made  to  the  original  investigators  and,  where  relevant,  to 
independent commentators. This book is meant to be read with the references 
close at hand.

Evidence-Level Labels Used Throughout This Book
 HUMAN RCT   Randomized controlled trials in humans — highest level of clinical evidence.
 HUMAN OBS   Human observational, pilot, retrospective, or case-series data — moderate.
 ANIMAL   In vivo animal studies (rodent, dog, etc.) — low for direct human inference.
 IN VITRO   Cell culture, tissue preparations, biochemical assays — very low for clinical 
inference.
 HYPOTHESIS   Theoretical / proposed mechanism not yet experimentally demonstrated — 
speculative.

These labels appear at the start of key paragraphs throughout the book to flag, at a 
glance, the strength of evidence behind a given claim. They are intended as visual 
shorthand, not as a replacement for the detailed methodological caveats given in 
the surrounding text.
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Chapter One

Origins, Chemistry, and Pharmacological Profile

1.1 Discovery and Nomenclature
BPC-157 was first described in the scientific literature in 1993 by Predrag Sikiric 
and colleagues at the University of Zagreb, in a paper published in the Journal of  
Physiology (Paris) that introduced a new gastric juice peptide and outlined what 
the authors called the stomach-stress-organoprotection hypothesis [1]. The peptide 
was identified as a fragment of a larger native protein in human gastric juice that 
the investigators designated BPC, the Body Protection Compound, on the basis of its 
apparent role in protecting and repairing tissues of the gastrointestinal tract [2]. 
The  specific  fifteen  amino  acid  sequence  chosen  for  synthesis  and  study, 
designated BPC-157, does not itself appear naturally in the body but was selected as 
the  essential  bioactive  fragment  of  the  parent  protein  and  is  now  produced 
exclusively by synthetic chemistry [2].

Across the subsequent three decades, BPC-157 has accumulated a confusing thicket 
of alternative designations. The Croatian pharmaceutical company Pliva, which 
advanced the molecule into clinical development, assigned it the codes PL-10, PLD-
116, and most prominently PL 14736, the last of these used in Phase II clinical trial 
reporting for ulcerative colitis [4]. The commercial name Bepecin also appears in 
some literature [9]. In the contemporary research and regulatory literature the 
most common designations are simply BPC-157 and the more formal Stable Gastric 
Pentadecapeptide BPC 157, the latter favored by the original Zagreb investigators 
in their continuing publications [2].
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1.1.1 The Pliva, Barr, and Teva Commercial Trajectory

 HUMAN OBS    The commercial development history of BPC-157 deserves particular 
attention because it explains much about the molecule's anomalous status today. In 
the early 2000s, Pliva initiated formal clinical investigation of BPC-157 under the 
drug codes PL-10, PLD-116, and PL 14736, targeting inflammatory bowel disease as 
the lead indication [4]. A Phase I safety, tolerability, and pharmacokinetic study in 
healthy male volunteers was presented at a gastroenterology meeting in 2003 (as a 
conference  abstract  without  full  peer-reviewed  publication)  [31],  and  a 
multicenter, randomized, double-blind, placebo-controlled Phase II study of a PL 
14736 enema formulation in mild-to-moderate ulcerative colitis was presented in 
2005 (also as a conference abstract without subsequent full publication) [32]. Both 
studies appeared only as conference abstracts and were never published in full 
peer-reviewed form, a limitation that has been repeatedly noted in subsequent 
systematic reviews [46].

The Pliva development program ended abruptly in 2006, when Pliva was acquired 
by  the  United  States  generic  drug  manufacturer  Barr  Pharmaceuticals.  Barr 
terminated the BPC-157 program after the acquisition, and when Barr was itself 
acquired by Teva Pharmaceutical Industries in 2008, control of the underlying 
intellectual property and patents passed to Teva, which did not resume clinical 
development. The reasons for the original program termination and for Teva's 
subsequent decision not to revive it have not been publicly documented. For more 
than a decade following the Teva acquisition, no major pharmaceutical sponsor 
pursued formal clinical development of BPC-157 for any indication, despite the 
continuing expansion of the preclinical literature.

A single subsequent attempt at human investigation was the Phase I pilot study 
initiated in 2015 by the Croatian sponsor PharmaCotherapia under the formulation 
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designation PCO-02 and registered on ClinicalTrials.gov as NCT02637284, planning 
enrollment  of  42  healthy  volunteers  aged  18  to  35  [33].  The  trial  status  on 
ClinicalTrials.gov has remained listed as Unknown, and credible secondary reports 
indicate that results were reportedly submitted in 2016 but recalled before quality 
control review, after which the study was cancelled without published data [33] [5]. 
The  unresolved  nature  of  this  trial,  in  combination  with  the  unexplained 
termination of the earlier Pliva program, represents perhaps the most serious 
unanswered question in the BPC-157 commercial story. Whether the abandoned 
programs reflect safety concerns, efficacy disappointments, intellectual property 
obstacles,  pharmacoeconomic  considerations,  or  some combination  has  never 
been publicly clarified.

A separate commercial thread, parallel to the Pliva-Barr-Teva program and still 
active today, runs through the Slovenian company Diagen d.o.o., founded in 1993; 
Predrag Sikiric (the Zagreb investigator who has led most of the academic BPC-157 
research) has been its CEO and the principal scientific figure associated with the 
company since its inception, and the first synthetic BPC-157 was prepared in the 
same  year  by  R.  Ručman  at  Diagen  using  solid-phase  synthesis  [68].  Diagen 
developed and patented a stabilized arginate-salt form of the peptide (“BPC 157 
Stable”)  and  obtained  worldwide  patent  approvals.  The  current  Diagen-held 
United States patent, on which the company’s principal commercial claim rests, 
was filed in 2012 and granted in 2017, with an expected expiration in 2033; the 
corresponding European patent has expired [68]. The patent claims an unusually 
broad list of indications, including gastrointestinal ulceration and inflammatory 
bowel  disease,  organ-protective  applications,  tissue  and  wound  healing  (skin, 
burns, muscle, tendon, ligament, bone, nerve regeneration, spinal cord injury), 
nitric-oxide-related  disorders  (hypertension,  hypotension,  anaphylaxis,  septic 
shock),  several  neurological  and  autoimmune  conditions  (multiple  sclerosis, 
myasthenia  gravis,  lupus  erythematosus),  substance-withdrawal  effects, 
ophthalmological conditions, and a number of viral indications (hepatitis A, herpes 
strains,  influenza  A,  several  arthropod-borne  viruses,  cytomegalovirus, 
lymphocytic choriomeningitis virus, feline leukemia virus). The breadth of these 
patent  claims  substantially  exceeds  the  indications  for  which  any  controlled 
clinical evidence exists in humans, a tension that recurs throughout this book.

As of 2026, Diagen has publicly listed the BPC 157 Stable patent rights for sale, an 
unusual  signal  for  a  molecule  that  its  proponents  continue  to  describe  as 
transformative [68]. The commercial implications of this listing, discussed further 
in Chapter Five, are nontrivial: a prospective acquirer evaluating whether to invest 
in a multi-year Phase III development program would have to weigh the cost of 
those trials against a patent term that expires in 2033, against a market in which 
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compounded and gray-market BPC-157 is already widely available, and against the 
ease with which competitors can introduce closely related variants (different salt 
counterions,  N-acetylated  derivatives,  or  other  minor  modifications)  that  fall 
outside the existing claims.

KEY POINT

BPC-157's principal clinical development program (Pliva's Phase I and Phase II trials) 
was never published in full peer-reviewed form. Subsequent corporate transitions 
(Barr  Teva, 2006–2008) ended that development. Every later attempt at formal trial →
completion has stalled. The bulk of the post-2008 literature is preclinical.

1.2 Chemistry and Structure

BPC-157 is a synthetic pentadecapeptide with the amino acid sequence Gly-Glu-Pro-
Pro-Pro-Gly-Lys-Pro-Ala-Asp-Asp-Ala-Gly-Leu-Val  and  a  calculated  molecular 
weight  of  1419.55  daltons  [5].  The  sequence shows no homology with  known 
intestinal peptides, and structure-activity studies have indicated that the specific 
fifteen amino acid sequence is essential for biological activity, with truncations and 
substitutions  abolishing  function  [5].  Several  proline  residues,  including  the 
unusual  Pro-Pro-Pro  tripeptide  motif  near  the  N-terminus,  contribute  to  a 
constrained  conformation  that  is  thought  to  be  partly  responsible  for  the 
molecule's most distinctive property: its remarkable stability under conditions that 
would rapidly degrade most other peptides.

This  stability  is  the feature that  most  differentiates  BPC-157 from comparable 
peptidergic candidates. The peptide has been reported to remain stable in human 
gastric  juice  for  more  than  twenty-four  hours  and  to  resist  hydrolytic  and 
enzymatic  digestion  that  would  normally  cleave  peptide  bonds  at  the  rates 
encountered in the gastrointestinal lumen [6]. For an orally administered peptide, 
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gastric stability is the rate-limiting consideration; the fact that BPC-157 survives 
passage through the stomach has been a central argument for its plausibility as a 
therapeutic  agent  administered  by  routes  other  than  parenteral  injection  [7]. 
Subsequent investigators have observed that the absence of cysteine residues, the 
constrained proline-rich backbone, and the relatively short overall length together 
likely contribute to this resistance to proteolysis.

1.3 The Parent Compound and the Cytoprotection Paradigm
The  historical  and  conceptual  context  for  BPC-157  lies  in  the  cytoprotection 
paradigm developed by André Robert and colleagues in the late 1970s, who showed 
that prostaglandins could protect gastric mucosa from injury independently of 
acid  suppression  [8].  The  Zagreb  investigators  framed  BPC-157  as  a  peptide 
mediator  of  this  Robertian  cytoprotection,  extending  the  concept  beyond  the 
stomach to what they termed organoprotection: the capacity of an endogenous 
factor to defend tissue integrity across multiple organ systems and to recover 
function  following  diverse  forms  of  injury  [9].  This  conceptual  framing  has 
profoundly  shaped  the  trajectory  of  BPC-157  research,  motivating  systematic 
investigation of the peptide's effects on essentially every organ system that has 
been examined, from the esophagus and small bowel through the liver, pancreas, 
heart, brain, eye, and skin.

1.4 Synthesis, Formulations, and Routes of Administration
BPC-157  is  produced  by  standard  solid-phase  peptide  synthesis  using  Fmoc 
chemistry.  Two  principal  chemical  forms  appear  in  the  literature  and  in 
commerce: the free acid form and an arginate salt form, sometimes labeled BPC-
157 Arginate, which is more water-soluble and has been employed in some oral 
and injectable research preparations [34]. Routes of administration that have been 
used in published research include intraperitoneal injection (the predominant 
route  in  rodent  studies),  subcutaneous  injection,  intramuscular  injection, 
intragastric  administration,  oral  administration  in  drinking  water,  intranasal 
application, topical application to wounds, and, in a small number of human pilot 
reports, intravenous infusion and intra-articular injection [10].

Dosing in the preclinical  literature has spanned an extraordinary range,  with 
effective doses reported across at least eight orders of magnitude, from picograms 
to micrograms per kilogram of body weight in rodents [7]. The most frequently 
cited rodent doses are 10 micrograms per kilogram, 10 nanograms per kilogram, 
and 10 picograms per kilogram, applied intraperitoneally or orally; the Zagreb 
group has reported beneficial effects at all three magnitudes in many models. Such 
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dose-range  consistency  is  atypical  in  pharmacology  and  has  not  been 
independently reconciled mechanistically;  it  has been variously interpreted as 
evidence  of  a  receptor-mediated  mechanism with  high  potency,  of  artifactual 
results, or of pleiotropic actions through multiple low-affinity binding sites [12].

1.5 Pharmacokinetics, Metabolism, and Distribution

Pharmacokinetic data on BPC-157 in humans remain sparse. The most detailed 
published characterization comes from a small pilot study reporting that plasma 
BPC-157  concentrations  returned  to  baseline  within  twenty-four  hours  of 
intravenous  infusion,  consistent  with  rapid  systemic  clearance  and  a  short 
circulating half-life [11]. A more comprehensive preclinical pharmacokinetic study 
by He and colleagues, published in 2022 using Sprague-Dawley rats and beagle 
dogs, provides the most detailed ADME profile currently available for the molecule 
[47]. Single intramuscular doses of 20, 100, and 500 micrograms per kilogram in 
rats  produced maximum plasma concentrations (Cmax)  of  12.3,  48.9,  and 141 
nanograms per milliliter respectively, with the time to maximum concentration 
(Tmax)  reaching  just  three  minutes  at  all  doses,  indicating  extremely  rapid 
absorption. In beagle dogs receiving equivalent doses of 6, 30, and 150 micrograms 
per kilogram, Cmax values reached 1.05, 3.30, and 26.1 nanograms per milliliter, 
with Tmax of approximately 6 to 9 minutes [47]. The mean absolute intramuscular 
bioavailability differed substantially between species, reaching approximately 14 
to 19 percent in rats and 45 to 51 percent in dogs. The elimination half-life was less 
than thirty minutes in both species, supporting the rapid systemic clearance also 
observed in human pilot data.

Tissue distribution data from the same study, using radiolabeled tritium-BPC-157 
in  rats,  showed  that  the  peptide  distributes  widely  after  intramuscular 
administration,  with  detectable  concentrations  in  skin,  intestine,  lung, 
myocardium, skeletal  muscle,  liver,  spleen,  and body fat.  The highest  average 
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tissue concentration was found in the kidney, consistent with renal clearance as 
the principal elimination pathway. Notably, brain concentrations were the lowest 
of any tissue sampled, suggesting that BPC-157 has only a limited capacity to cross 
the intact blood-brain barrier after systemic administration [5]. This finding has 
important implications for the proposed central nervous system applications of the 
peptide  discussed  in  Chapter  Four,  where  the  magnitude  of  central  effects 
achievable from peripheral dosing has not been fully reconciled with the modest 
BBB penetration observed in formal PK studies.

BPC-157 undergoes rapid metabolic degradation into at least six identified peptide 
metabolites; proline is the principal individual metabolite, accompanied by five 
additional shorter peptide fragments. These metabolites have been detected in 
plasma, urine, bile, and fecal samples, indicating both hepatic metabolism and 
renal/biliary  excretion  [47].  The  identification  of  these  metabolites  raises  a 
question that has received only limited attention in the broader BPC-157 literature: 
whether  the  metabolites  themselves  contribute  to  the  prolonged 
pharmacodynamic effects observed in animal models despite the rapid clearance 
of the parent compound, and whether any of the metabolites carry independent 
biological  activities  relevant  to  therapeutic  effect  or  toxicity.  The  biological 
characterization of the metabolites, beyond their structural identification, remains 
incomplete.

The Zagreb investigators have proposed that the protracted pharmacodynamic 
actions of BPC-157, which can outlast detectable plasma presence by days or weeks 
in animal models,  may reflect  downstream activation of  self-sustaining repair 
cascades rather than continued occupancy of a receptor by the parent peptide. This 
proposal  remains  plausible  but  unverified.  A  complementary  hypothesis, 
suggested by the metabolite data, is that one or more of the proline-containing 
fragments  retain  biological  activity  and  contribute  to  the  observed  effects. 
Distinguishing between these and other explanations of  the parent-compound 
clearance  versus  effect-duration  discrepancy  remains  an  open  area  for 
investigation.
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1.6 Receptor and Target Identification: An Open Question
Perhaps the most striking feature of BPC-157, from a pharmacological standpoint, 
is that more than thirty years after its discovery no specific cognate receptor for the 
peptide has been definitively identified [12]. This is unusual for a molecule with 
such a wide range of reported biological effects. The compound is consistently 
described in the literature as acting through modulation of established signaling 
systems, including the vascular endothelial growth factor receptor 2 (VEGFR2), the 
growth hormone receptor, the nitric oxide system, focal adhesion kinase-paxillin 
signaling, and several neurotransmitter pathways, rather than through binding to 
a dedicated receptor of its own [13]. Whether this reflects a genuinely pleiotropic 
mode  of  action  through  multiple  targets,  an  as-yet-uncharacterized  primary 
receptor that integrates these downstream effects, or methodological limitations in 
the published work remains an active question in the field. The absence of a clearly 
identified cognate receptor remains one of the principal barriers to conventional 
pharmacologic  validation  of  BPC-157  and  is  a  recurring  objection  raised  by 
independent commentators on the literature [14].

KEY POINT

After more than thirty years, no specific receptor for BPC-157 has been identified. All 
proposed mechanisms work through pre-existing signaling systems (VEGFR2, GH 
receptor, NO/eNOS, FAK-paxillin, neurotransmitter pathways). This unresolved 
receptor question is the single largest obstacle to conventional pharmacological 
validation.

1.7 A Summary of the Pharmacological Profile
By the end of this overview, the peculiar pharmacological character of BPC-157 
should  be  apparent.  It  is  a  small,  synthetic,  proline-rich  pentadecapeptide  of 
remarkable stability whose parent protein resides in human gastric juice. It has 
been reported active across an extraordinary range of doses, across many tissues, 
and through several apparently independent molecular pathways, yet without a 
clearly identified receptor of its own. It survives gastric exposure in a way that few 
peptides do, which gives it unusual plausibility as an oral agent. And it has been the 
subject  of  a  sustained,  decades-long  research  program  concentrated  almost 
entirely within a single national research community. Each of these features will 
recur in the chapters that follow, where the proposed mechanisms, the preclinical 
evidence, and the limited human data are examined in turn.
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Chapter Two

Mechanisms of Action: Angiogenesis, Nitric Oxide, 
and Growth Factor Signaling

2.1 An Overview of the Proposed Mechanisms

The mechanistic story of BPC-157 is harder to summarize than its discovery story. A 
fifteen-amino-acid peptide with no identified receptor that nonetheless accelerates 
healing across tissues as different as Achilles tendons, gastric mucosa, peripheral 
nerves, and cardiac muscle invites either skepticism or the hypothesis of a deeply 
pleiotropic mode of action. The published literature has taken the second route, 
accumulating  evidence  for  at  least  four  overlapping  pathways:  promotion  of 
angiogenesis through VEGFR2 and the Akt-eNOS axis;  modulation of the nitric 
oxide system; upregulation of  the growth hormone receptor in fibroblast  and 
tendon lineages; and influence on focal adhesion kinase-paxillin signaling that 
governs  cytoskeletal  reorganization  during  cell  migration.  Each  pathway  has 
independent experimental support, but the relative importance of each in any 
given tissue remains  contested.  Almost  all  of  this  mechanistic  work has  been 
generated by the originating Zagreb group and a small set of closely affiliated 
investigators  (with  notable  Taiwanese  and  Korean  contributions  for  specific 
pathway findings); the pathway-level claims in this chapter are awaiting large-
scale independent replication.
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KEY POINT

BPC-157's mechanisms are best understood as a convergence of four parallel pathways 
— VEGFR2/eNOS angiogenesis, NO modulation, growth-hormone-receptor 
upregulation, and FAK-paxillin signaling — rather than a single dominant action. No 
primary receptor has been identified, and most evidence comes from one research 
ecosystem.

2.2 Angiogenesis and the VEGFR2 Pathway
The strongest mechanistic claim made for BPC-157 is that it promotes angiogenesis, 
the formation of new blood vessels from existing vasculature. Investigators in 
Taiwan  demonstrated  that  BPC-157  markedly  upregulates  the  expression  of 
vascular endothelial growth factor receptor 2 (VEGFR2) on vascular endothelial 
cells and accelerates blood flow recovery in a rat ischemic hind limb model [15]. In 
the same study, phosphorylation of the endothelial isoform of nitric oxide synthase 
(eNOS) was rapidly induced in vascular endothelial cells within thirty minutes of 
BPC-157 exposure, suggesting that VEGFR2 activation is functionally coupled to the 
downstream Akt-eNOS signaling axis [15]. The peptide's angiogenic effect appears 
to  extend to  both  sprouting  angiogenesis,  in  which  new capillaries  bud from 
existing vessels, and arteriogenesis, the enlargement of collateral vessels under 
altered hemodynamic load [9].

Independent work from the same Taiwanese group subsequently showed that, in 
isolated aortic tissue, BPC-157 disrupts the inhibitory Caveolin-1-eNOS complex 
and directly promotes nitric oxide production in a dose-dependent manner [16]. 
This finding placed BPC-157 at the intersection of two parallel signaling routes to 
endothelial nitric oxide production: the VEGFR2-Akt-eNOS pathway and the Src-
Caveolin-1-eNOS pathway. The integration of these two routes provides one of the 
most coherent mechanistic accounts of how a single small peptide might exert 
broadly pro-angiogenic effects across vascular beds [16].

2.3 The Nitric Oxide System: A Modulatory Rather Than Linear 
Effect
A consistent feature of the BPC-157 literature is the description of the peptide as 
modulating, rather than simply augmenting, the nitric oxide (NO) system. The 
Zagreb investigators have repeatedly emphasized that BPC-157 does not produce 
uncontrolled increases in NO; instead, the effect on NO levels, whether increase or 
decrease, is described as combined with a counteraction of free radical formation, 
an observation that has been interpreted as evidence of a homeostatic rather than 
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a tonic mode of action [13]. In experimental settings in which NO production is 
excessive and pathological, BPC-157 has been reported to attenuate it; in settings of 
NO deficiency, the peptide reportedly restores it. This bidirectional pharmacology 
has been advanced in support of the broader cytoprotection framework discussed 
in Chapter One.

Critical readers of the literature have urged caution about this interpretation. An 
independent  commentary published in  2025 noted that  conclusions  about  NO 
involvement  in  BPC-157  effects  have  often  been  drawn  indirectly  from 
experiments using L-NAME, a nitric oxide synthase inhibitor, and L-arginine, the 
substrate, rather than from direct measurement of NO, nitrite/nitrate (NOx), eNOS 
phosphorylation, or NOS activity [14]. Reliance on indirect pharmacological probes 
to infer NO involvement is a known source of overinterpretation in the broader 
nitric oxide literature, and the same critique applies here. The same commentary 
observed that, while BPC-157 can clearly stimulate the NO system at sufficient 
concentrations,  the  question  of  whether  this  stimulation  occurs  at  clinically 
plausible doses in humans has not yet been resolved [14].

2.4 Growth Hormone Receptor Upregulation
A  second  well-characterized  molecular  mechanism  for  BPC-157  concerns  the 
growth hormone receptor (GHR). In a study examining tendon fibroblasts isolated 
from  rat  Achilles  tendons,  cDNA  microarray  analysis  identified  the  growth 
hormone  receptor  as  among  the  most  abundantly  upregulated  genes  in  cells 
exposed to BPC-157 [17]. The investigators confirmed this finding by RT-PCR and 
Western blot,  demonstrating that BPC-157 increased growth hormone receptor 
expression at both the mRNA and protein levels in a dose- and time-dependent 
fashion. When growth hormone was added to BPC-157-treated tendon fibroblasts, 
cell proliferation increased substantially more than in cells exposed to growth 
hormone alone,  indicating  a  sensitization of  the  tendon fibroblasts  to  growth 
hormone-mediated signaling [17].

The  clinical  implications  of  this  finding,  if  it  generalizes,  are  noteworthy. 
Connective tissues such as tendons and ligaments are normally hypovascular and 
slow  to  heal,  in  part  because  they  are  relatively  unresponsive  to  circulating 
anabolic signals. A peptide that increases local expression of the growth hormone 
receptor  in  these  tissues  offers  a  plausible  mechanistic  route  to  enhanced 
responsiveness  to  endogenous  growth  hormone,  without  requiring  exogenous 
growth hormone administration. This mechanism aligns naturally with the tendon 
healing phenotype that has been most extensively documented in animal studies 
and is taken up in detail in Chapter Three.
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2.5 Focal Adhesion Kinase, Paxillin, and Cell Migration
Tissue repair  requires  not  only the proliferation of  repair  cells  but  also their 
directed migration to sites of injury. BPC-157 has been shown to markedly increase 
the  in  vitro  migration  of  tendon  fibroblasts  in  a  dose-dependent  manner,  as 
measured by transwell filter migration assays [18]. The pathway implicated is the 
focal adhesion kinase-paxillin (FAK-paxillin) axis, which governs the assembly and 
turnover of focal adhesions during cytoskeletal reorganization. The same study 
demonstrated  that  BPC-157  does  not  directly  increase  tendon  fibroblast 
proliferation as measured by MTT assay; rather, it enhances cell survival under 
oxidative  stress  (specifically,  exposure  to  hydrogen  peroxide)  and  increases 
migration [18]. This separation of effects, with survival and migration enhanced 
but baseline proliferation unchanged, is itself a distinctive feature of the BPC-157 
mechanism profile.

2.6 The Early Growth Response 1 (Egr-1) Transcription Factor
BPC-157 has also been reported to modulate the activity of Early Growth Response 
1 (Egr-1), an immediate-early transcription factor that regulates the expression of 
genes  involved  in  cytokine  production,  collagen  organization,  and  tissue 
remodeling [19]. In a wound healing study using the related compound designation 
PL  14736,  the  investigators  reported  enhanced  granulation  and  collagen 
organization in healing wounds, with Egr-1 expression identified as a candidate 
mediator. Egr-1 sits upstream of multiple genes relevant to tissue repair, and its 
transient  activation  followed  by  controlled  downregulation,  as  the  BPC-157 
literature  describes,  would  be  consistent  with  a  tightly  regulated  rather  than 
dysregulated repair response [19].

2.7 Anti-Inflammatory, Antioxidant, and Cytokine-Modulating 
Effects
Across multiple models of inflammatory injury, BPC-157 has been described as 
attenuating  the  expression  of  pro-inflammatory  cytokines,  including  tumor 
necrosis factor alpha (TNF-alpha), interleukin 6 (IL-6), and interleukin 1 beta (IL-1 
beta).  These effects,  observed in models of  colitis,  gastric injury,  and systemic 
inflammation, are not the result of direct cytokine antagonism but appear to follow 
from upstream modulation of the signaling pathways already discussed.

Complementing the cytokine effects,  BPC-157 has been reported to  upregulate 
expression  of  several  endogenous  antioxidant  enzymes,  including  heme 
oxygenase  1  (HO-1),  NAD(P)H  quinone  dehydrogenase  1  (NQO-1),  glutathione 

Page 17 of 118


