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Background: Therapeutic peptides are short-chain amino acids that regulate cellular functions and facilitate biochemical pro-
cesses. In recent years, there has been significant growth in the global market for therapeutic peptides and thus its popularity
among patients. Given the increase in the development of peptides and increased marketing to patients for orthopaedic injuries,
it is critical for orthopaedic surgeons to understand the current evidence behind these therapeutic peptides.

Purpose: To evaluate the current evidence and applications of injectable peptide therapy, focusing on its potential in regenerative
medicine and sports performance, to help orthopaedic providers better understand the current state of different therapeutic pep-
tide approaches.

Study Design: Narrative review.

Methods: A comprehensive literature search was conducted using PubMed to identify biochemical and clinical studies on the
most popular types of injectable peptide therapy. Key peptides evaluated included BPC-157, TB-4, TB-500, CJC-1295 1 ipa-
morelin, tesamorelin, and GHK-Cu.

Results: BPC-157 demonstrated potential benefits in tendon and muscle repair, but these findings are largely unvalidated in
human trials. A single human case series reported improvements in pain after intra-articular knee injections of BPC-157, although
significant methodological flaws and a lack of controls limit its applicability and reliability. TB-4 and its derivative TB-500 pro-
moted angiogenesis and tissue repair in preclinical models, but human orthopaedic data are lacking, and both remain banned
substances in sports. CJC-1295 combined with ipamorelin showed significantly improved maximum tetanic tension in murine
models with glucocorticoid-induced muscle loss, but these findings are limited to animal studies. Tesamorelin, approved for treat-
ing HIV-associated lipodystrophy, has no supporting orthopaedic evidence. GHK-Cu showed promise in wound healing and anti-
inflammatory effects, but no clinical data support its use for musculoskeletal conditions.

Conclusion: While peptide therapy may possess significant therapeutic and regenerative potential, it is critical that orthopaedic
and sports medicine providers understand the current lack of evidence to support the clinical use of these peptides. Importantly,
information regarding the indications, dosing, frequency, and duration of treatment remains unknown. Despite the popularity of
these peptides in mainstream media and among patients, significant research regarding the safety and efficacy of these thera-
peutic methods is required before definitive recommendations can be made to patients.

Keywords: biologics; growth factors; healing enhancement; peptide therapy

Therapeutic peptides are a class of pharmaceutical agents
composed of short-chain amino acids that mimic endoge-
nous substances aimed to regulate specific cellular func-
tions and facilitate biochemical processes.38 In general,
these molecules function as selective and efficacious sig-
naling molecules that bind to targeted cell surface recep-
tors to trigger an intracellular cascade of events.21

Synthetic peptides have played an outsized role in the his-
tory of modern medicine, with examples including

medications such as recombinant insulin, vasopressin, oxy-
tocin, and glucagon-like peptide–1 (GLP-1) receptor ago-
nists.7,17,59,69 Recently, advances in structural biology as
well as synthetic and analytic technologies have signifi-
cantly accelerated the discovery process of novel peptides,
with 26 new peptides approved by the United States (US)
Food and Drug Administration (FDA) between 2016 and
2022.2 The global market for therapeutic peptides was val-
ued at US$37.8 billion in 2022, with an estimated com-
pound annual growth rate of 9.3% over the next decade
and the expectation of reaching US$85.9 billion by the
end of 2031.47

Peptide therapy has emerged as a trending topic for the
treatment of numerous conditions within orthopaedic
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regenerative medicine including sports-related injuries,
metabolism, recovery, and tissue repair. The proposed ben-
efits of injectable peptides fall into a diverse range of con-
ditions including musculoskeletal repair, aging and
longevity, sexual health, fat loss, neurocognition, hormonal
balance, and pain management.35,37 Furthermore, com-
pared with cell-based orthobiologics such as platelet-rich
plasma (PRP) and mesenchymal stem cells (MSCs), syn-
thetic peptides are smaller in size and have high bioavail-
ability, low immunogenicity, and stability at room
temperature with a prolonged shelf life.82 Despite these
advances in the development of peptide therapy, there
are no currently FDA-approved peptides for musculoskele-
tal conditions.82 Numerous peptides such as body protec-
tion compound–157 (BPC-157), thymosin beta 4 (TB-4),
thymosin beta 500 (TB-500), CJC-1295, ipamorelin, tesa-
morelin, and GHK-Cu (glycyl-L-histidyl-L-lysine) exist
within the realm of regenerative medicine, each with
a variety of purported benefits for patients such as muscu-
loskeletal tissue repair, increased muscle mass, and
reduced adipose accumulation.

One critical component surrounding the distribution of
peptides is the lack of regulation from the FDA. Recently,
the FDA categorized several of these peptides as ‘‘503A -
Category 2: Bulk Drug Substances That Raise Significant
Safety Concerns.’’9 The 503A categorization indicates that
there has been an identified safety risk related to the use
of these peptides in compounding that requires further
investigations by the FDA. At present, there exists insuffi-
cient evidence for the FDA to determine if harm would
result from their administration in humans, but concerns
remain regarding compounded drug impurities and the
characterization of active pharmaceutical ingredients.13

While this change in designation is not an explicit ban
from the FDA, it does not provide sufficient regulatory
action to prevent the sale of peptides online under the guise
of research. This lack of regulatory guidelines from the FDA
surrounding peptide therapy exists in contrast to other
potential regenerative therapy methods and cell-based bio-
logics such as PRP and MSCs.57 These cell-based therapeu-
tic products have more stringent FDA regulatory guidelines
including Sections 351 and 361, which delineate the
requirements for preclinical and clinical testing depending
on the intended use and cell manipulation.36,56,68

In the United Kingdom, peptides such as BPC-157 are
classified as ‘‘unlicensed medicines,’’ are not legal for
human consumption, and may only be procured for
research purposes.76 Furthermore, in the United Kingdom,
peptide therapy is not subject to the Misuse of Drugs Act,
and products are often purchased online as ‘‘research
chemicals.’’76 Given this marketing presence, these

peptides are often advertised directly to consumers on
online marketplaces or popular social media platforms,
boasting baseless claims and unsubstantiated data. Regu-
latory agencies, including the Federal Trade Commission
in the US, are responsible for the oversight and enforce-
ment of these false claims.11 Since 2017, the Federal Trade
Commission has attempted to enact policies to protect
patients from deceit and potential harm from regenerative
medicine clinics that make false or misleading claims
about products without sufficient evidence.45 It is critical
for physicians to be educated about the current federal sta-
tus of peptides, given the increased popularity of the sub-
stances in the general public.

With the continued boom in the development and mar-
keting of peptides to patients without central regulation
or clinical trials to determine their efficacy for musculo-
skeletal care, it is critical for orthopaedic surgeons to
understand the current evidence behind these therapeutic
peptides. Importantly, as physicians taking care of profes-
sional and amateur athletes alike, a number of these pep-
tides are listed on the ‘‘Prohibited List’’ of unapproved
substances by the World Anti-Doping Agency (WADA),
and as such, it is the responsibility of providers to advise
athletes.25 As patients and athletes continue to seek out
methods to optimize recovery and sports performance, an
up-to-date understanding of the existing literature will
allow for informed counseling of the potential risks and
benefits of peptide therapy. While the spectrum of commer-
cially available peptides and their proposed benefits are
wide ranging, this review will focus on those related to
regenerative medicine and sports performance to help
orthopaedic sports medicine providers better understand
the most popular and currently available injectable
peptides.

INJECTABLE PEPTIDE THERAPY

Body Protection Compound–157 (BPC-157)

BPC-157, or PL-14736, represents the most popular front-
runner of experimental peptides in regenerative medicine.
Originally isolated from human gastric juice in 1991 by Dr
Predrag Sikiric of Croatia, BPC-157 is a 15–amino acid
fragment associated with a wide range of organoprotective
effects.63 The proposed benefits of BPC-157 in animal stud-
ies include gastric and duodenal ulcer healing,46,64,87

colonic fistula healing,81 bowel anastomosis healing,5,80

esophagitis treatment,16,49 wound and burn healing,40,62,66

pulmonary hypertension treatment,77 and pain control30

as well as improved angiogenesis in ischemia models.48,67
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The organoprotective effects of BPC-157 are thought to be
mediated by the direct protection of endothelial cells, upre-
gulation and modulation of nitric oxide synthase,8,65 upre-
gulation of regenerative growth factors,12,61 and reduced
levels of inflammatory cytokines.79 The safety of BPC-157
has been investigated in early-phase safety clinical trials
for the treatment of ulcerative colitis and inflammatory
bowel disease but has not advanced beyond phase II tri-
als.58,78 However, toxicology studies have not demon-
strated an achieved lethal dose.46,86 One of the major
proposed benefits of BPC-157 is that this gastric-stable
pentadecapeptide can be delivered without the need for
a carrier and without noted in vivo toxicity.12

Within the orthopaedic literature, several in vivo pre-
clinical animal studies have investigated the effects of
BPC-157 on musculoskeletal tissue. The proposed ortho-
paedic benefits of BPC-157 include the increased produc-
tion of type I collagen; the repair of damaged tendons,
ligaments, and bone; and a reduction in inflammation. Cer-
ovecki et al12 investigated a murine model of complete
medial collateral ligament transection with 90 days of
intraperitoneal, oral, and topical BPC-157 therapy and
noted consistent functional, biomechanical, and histologi-
cal improvements in tendon healing related to the upregu-
lation of the early growth response–1 (Egr-1) gene.
Similarly, several murine Achilles injury models have
demonstrated a significant improvement in tendon-to-
bone healing and the increased stimulation of tenocytes
in vivo after intraperitoneal injections.33,73 In a murine
muscle injury model, Staresinic et al72 noted improved
quadriceps muscle healing and the regeneration of muscle
fibers after complete transection and intraperitoneal injec-
tions of BPC-157. The authors noted that the stimulation
of myogenesis was prompted by BPC-157–mediated growth
factor release, leading to collagen synthesis, endothelium
protection, nitric oxide modulation, and angiogenesis. Sim-
ilarly, Novinscak et al44 investigated intraperitoneal or
topical BPC-157 in a murine muscle injury model and
noted accelerated healing with improved function. Finally,
Sebecić et al60 demonstrated osteogenic effects of BPC-157
in a murine bone defect model, with improved histomor-
phometric parameters and overall union rates after either
topical or intramuscular BPC-157 treatment. Despite these
promising in vivo studies for several orthopaedic indica-
tions, there remains a dearth of clinical evidence support-
ing BPC-157.

Randomized clinical trials within orthopaedics utilizing
BPC-157 have not been performed. At present, there is one
case series of patients treated with intra-articular injec-
tions of BPC-157 for knee pain of various causes. Lee and
Padgett34 injected 2 mL or 4 mg (2000 mcg/mL) into the
knee of 12 patients presenting with knee pain of unspeci-
fied causes. The authors noted improvements in knee
pain in 11 of the 12 patients (92%), as determined by
patient-reported responses to the injection. There are
numerous critical flaws associated with this publication.
First and most importantly, this represents a non–FDA-
approved use of BPC-157 without existing evidence for
the safety or efficacy of intra-articular injections. Second,
this case series has considerable flaws including, but not

limited to, the lack of a standardized follow-up time, the
failure to use validated outcome measures, and no clear
underlying diagnoses for the causes of knee pain at the
time of the injection. While the authors noted an ‘‘improve-
ment’’ in 92% of patients after the injection, there was no
reported quantitative assessment of this outcome. Given
the lack of a comparison group, the findings of this study
should not be broadly attributed to BPC-157, despite the
optimism that surrounds the potential therapeutic benefits
of this peptide. FDA approval for safety and efficacy will be
required before larger scale comparative studies can be
performed for orthopaedic applications. However, the
application of BPC-157 to athletes will remain prohibited,
regardless of these comparative studies, because of
WADA and US Anti-Doping Agency restrictions.25

Thymosin Beta 4 (TB-4) and Thymosin
Beta 500 (TB-500)

Thymosin is a lymphocytic growth factor that was origi-
nally isolated from the calf thymus in the 1970s and found
to have a humoral role in tumor immunity.90 TB-4 is the
most abundant of the beta family of thymosins and is found
in multiple types of tissue.23 Research has demonstrated
that TB-4 plays a role in numerous important biological
processes. TB-4 promotes angiogenesis by indirectly
increasing vascular endothelial growth factor
(VEGF).29,53 In fact, TB-4 has been used to treat infarcted
myocardial tissue in rats and hindlimb ischemia in
mice.32,53 In vivo cell culture studies have demonstrated
that TB-4 can affect cell proliferation, as it increases the
proliferation of MSCs via interleukin-8.27 TB-4 also inhib-
its apoptosis and slows senescence, as demonstrated in
nucleus pulposus cell cultures.83 The effect of TB-4 on
the cell cycle is supported by multiple studies using various
cell types including cortical neurons, corneal epithelial
cells, and oligodendrocytes.31,43,89 TB-4 also reduces
inflammation by blocking inflammatory signaling mole-
cules including tumor necrosis factor–alpha (TNF-a) and
interleukin-1b, as demonstrated in mouse models.88 Stud-
ies in rodents have demonstrated a role for TB-4 in promot-
ing hair growth in both healthy and aged rodents.50

Despite widespread claims of tissue repair and muscle
growth, limited evidence exists to support these claims.
Using a murine model, Xu et al85 noted improved medial
collateral ligament healing, collagen fibril diameters, and
biomechanical properties after the local application of
TB-4. In a mouse dystrophin model, the chronic adminis-
tration of TB-4 has been demonstrated to increase the
number of regenerating fibers within skeletal muscle.70

This myeloproliferative effect is thought to be attributed
to the chemotactic effect that TB-4 has on primary myo-
blasts and myocytes as well as preventing the proliferation
of myofibroblasts.19,75 The safety of TB-4/TB-500 remains
a topic of investigation and controversy. TB-4 has been
reported to be a prognostic marker for highly metastatic
cancer states, demonstrating tumor-promoting proper-
ties.42,71 However, contrary reports in the literature have
demonstrated the tumor-suppressive effects of TB-4 in
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male breast cancer and myeloma.10,84 Furthermore, the
safety of TB-4 in phase I and phase II clinical trials,
applied either locally or systemically, remains encouraging
for broad clinical applications in the future.22 To date, no
clinical studies investigating TB-4 in orthopaedics have
been performed.

TB-500 is a synthetic version of TB-4. More specifically,
it is an N-terminal–acetylated fragment of TB-4 that has 7
peptides from TB-4’s active site.20 TB-500 is widely avail-
able for commercial purchase online. TB-500 is purported
to promote tissue repair and increase muscle growth. It
was originally produced within veterinary medicine and
used among trainers in the horse racing industry.24 Less
research has been conducted using TB-500 compared
with TB-4.54 In a rat study, the wound-healing capability
of TB-500 was investigated; TB-500 was not found to
have significant wound-healing activity compared with
the control group.24 A metabolite of TB-500 was found to
have significant wound-healing activity compared with
the control, suggesting that the parent molecule of TB-
500 is not directly responsible for this property. No studies
were found in the literature search in which TB-500 was
investigated in human participants. Importantly, both
TB-4 and TB-500 remain on the WADA’s anti-doping list.25

CJC-1295 1 Ipamorelin

Growth hormone–releasing hormone (GHRH) is synthe-
sized by the hypothalamus and plays an important role
in regulating the pulsatile secretion of growth hormones
(GHs). Several conditions (such as Turner syndrome,
Prader-Willi syndrome, and others) can be treated with
GH therapy; however, monitoring the efficacy of GH
treatment remains a challenge, and research efforts
have focused on identifying potential biomarkers to mon-
itor the treatment response of participants.1 CJC-1295 is
a long-acting GHRH analog that can increase the levels of
GHs and insulin-like growth factor–1 (IGF-1) without
affecting the pulsatility of GH secretion, and this is
important because it can benefit patients with GH defi-
ciency who have intact secretory capability of pituitary
GHs.26 In a randomized trial of healthy participants
aged 21 to 61 years investigating the pharmacokinetic,
pharmacodynamic, and safety profile by administering 4
different doses of subcutaneous CJC-1295 versus placebo,
CJC-1295 resulted in sustained dose-dependent increases
in GHs and IGF-1 with an acceptable safety profile.74 In
addition, the administration of CJC-1295 showed a cumu-
lative effect after multiple doses in this study. Previously,
CJC-1295 was under a phase II investigation for the
treatment of lipodystrophy and GH deficiency; however,
the trial was discontinued after an enrolled patient died
from myocardial infarction.14 To date, there are no clini-
cal studies investigating orthopaedic applications for
CJC-1295. Further research is needed to investigate
whether CJC-1295 can be used in sports medicine or
orthopaedics to enhance muscle recovery or augment the
repair or reconstruction of tissue in healthy people or
patients with GH deficiency.

For commercial off-label uses, CJC-1295 is often com-
bined with ipamorelin. Ipamorelin is a pentapeptide that
acts as a selective GH secretagogue and a selective agonist
of the ghrelin/GH secretagogue receptor.55 These actions in
combination with CJC-1295 are hypothesized to increase
GH secretion and thus influence regenerative properties
such as improved lean muscle mass, reduced body fat,
and improved vitality. To date, ipamorelin has been inves-
tigated in a single phase II clinical study for relieving ileus
in patients undergoing bowel resection, with demonstrated
safety and no benefit over placebo.6 Within orthopaedics,
Johansen et al28 demonstrated that ipamorelin was able
to induce longitudinal bone growth in a dose-dependent
fashion in a murine model. Similarly, Andersen et al4

investigated the effects of subcutaneous ipamorelin in
a murine model and demonstrated reduced muscle atrophy
and osteopenia with the chronic administration of gluco-
corticoids. As with the above peptides, there are no cur-
rently available clinical studies investigating ipamorelin
in isolation or in combination with CJC-1295 for the treat-
ment of orthopaedic conditions.

Tesamorelin

Similar to CJC-1295, tesamorelin is another GHRH analog
that increases the levels of IGF-1. Makimura et al39 con-
ducted a clinical trial comparing the effect of tesamorelin
versus placebo in obese patients with GH deficiency and
found that tesamorelin was associated with improved mito-
chondrial function. Using spectroscopy, the authors
assessed the effect of tesamorelin on mitochondrial func-
tion by the recovery of phosphocreatine. Tesamorelin has
also been shown to reduce central fat accumulation and
has been FDA approved for treating HIV-related lipodys-
trophy under the brand name Egrifta.15 However, despite
FDA approval for HIV-related lipodystrophy, tesamorelin
remains on the WADA’s Prohibited List for athletes.25 To
date, there have been no preclinical or clinical studies
investigating the effects of tesamorelin for orthopaedic
applications.

Copper-Binding Peptide GHK-Cu

The copper-binding peptide GHK-Cu is secreted in human
plasma after a tissue injury.51 As the name implies, this
peptide’s mechanism of action is based on binding copper
(II) ions, and it plays a key role in copper metabolism.3

GHK-Cu has also been shown to have regular human
gene function. Based on the available literature, GHK-Cu
can stimulate wound healing, can improve skin and hair
function and composition, and has antioxidant capabilities
by the reduction of free radicals as well as anti-
inflammatory effects.52 In addition, GHK-Cu has been
found to stimulate nerve growth and angiogenesis.18,41,91

However, angiogenesis may be implicated in the develop-
ment or expansion of tumors, and more research is ongoing
to evaluate its safety profile related to carcinogenesis.3

There are no data to support muscle growth with the use
of GHK-Cu, but this peptide could potentially be beneficial
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to musculoskeletal tissue via its antioxidant and anti-
inflammatory effects.

CONCLUSION

Injectable peptide therapy represents an area of promising
therapeutic potential for numerous orthopaedic applica-
tions. Given the rapidly expanding global market for pep-
tide therapy, this review sought to highlight the most
common commercially utilized peptides. Specifically, we
aimed to highlight promising preclinical research sur-
rounding these peptides as well as the significant lack of
available clinical data to support their ongoing use. While
therapeutic approaches such as BPC-157, TB-4/TB-500,
CJC-1295, ipamorelin, tesamorelin, and GHK-Cu may pos-
sess significant therapeutic and regenerative potential, it
is critical that orthopaedic and sports medicine providers
understand the current lack of evidence to support these
peptides. Importantly, information regarding the indica-
tions, dosing, frequency, and duration of treatment
remains unknown. Despite the popularity of these peptides
in mainstream media and among patients, significant
research regarding the safety and efficacy of these thera-
peutic methods is required before definitive recommenda-
tions can be made to patients.
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