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CRITICAL REVIEWS

Prolotherapy: Potential for the Treatment
of Chronic Wounds?

Amir Hossein Siadat1 and Roslyn Rivkah Isseroff2,*
1Department of Dermatology, Isfahan University of Medical Sciences, Isfahan, Iran.

2Department of Dermatology, University of California, Davis, Sacramento, California.

Significance: Chronic skin ulcers, including venous, diabetic, and pressure
ulcers, constitute a major health care burden, affecting 2–6 million people in
the United States alone, with projected increases in incidence owing to the
aging population and rising epidemic of diabetes. The ulcers are often ac-
companied by pain. Standard of care fails to heal *50% of diabetic foot ulcers
and 25% of venous leg ulcers. Even advanced therapies do not heal >60%. Thus
there is an unmet need for novel therapies that promote healing and also
address the concomitant pain issue.
Recent Advances: Prolotherapy involves injection of small amounts of an ir-
ritant material to the site of degenerated or painful joints, ligaments, and
tendons. Multiple irritants are reported to be efficacious, but the focus here is
on dextrose prolotherapy. In vitro and in vivo studies support translation to
clinical use. Concentrations as low as 5% dextrose have resulted in production
of growth factors that have critical roles in repair. Numerous clinical trials
report pro-reparative effects of dextrose prolotherapy in joint diseases, tendon,
and ligament damage, and for painful musculoskeletal issues. However, most
of the studies have limitations that result in low-quality evidence.
Critical Issues: The preclinical data support a role for dextrose prolotherapy in
promoting tissue repair that is required for healing chronic wounds and
ameliorating the associated pain. Critical issues include provision of evidence
of efficacy in human chronic wounds. Another potential obstacle is limitation
of reimbursement by third-party payers for a therapy with as yet limited
evidence.
Future Directions: Preclinical studies in models of chronic wounds would
support clinical translation. As dextrose prolotherapy has some mechanistic
similarities to already approved honey therapies, it may have a shortened
pathway for clinical translation. The gold standard for widespread adoption
would be a well-designed clinical trial.
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SCOPE AND SIGNIFICANCE
Chronic skin ulcers, including

venous, diabetic, and pressure ul-
cers, constitute a major health care
burden, affecting 2–6 million people
in the United States alone1 with
projected increases in incidence ow-
ing to the aging population and the

increase in incidence of diabetes.2

The ulcers are often accompanied by
pain. Standard of care fails to heal
*50% of diabetic foot ulcers (DFUs)
and 25% of venous leg ulcers.3 Even
advanced therapies do not heal
*60%, at best.4 Thus, there is an
unmet need for novel therapies that
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promote healing and also address the concomitant
pain issue.

TRANSLATIONAL RELEVANCE

Preclinical studies have demonstrated pro-
reparative effects of high-dextrose solutions. These
include generation of growth factors critical for
tissue repair such as platelet-derived growth fac-
tors (PDGFs), transforming growth factor-beta
(TGF-b), epidermal growth factor (EGF), basic fi-
broblast growth factor (b-FGF), insulin-like growth
factor (IGF), and connective tissue growth factor
(CTGF). In vivo studies have reported increased
tendon and ligament repair after hypertonic dex-
trose injections. Thus these effects have the po-
tential of translation to improved healing in skin
wounds.

CLINICAL RELEVANCE

Prolotherapy is an approach to treatment of
painful musculoskeletal issues and for treating
injury of tendons, ligaments, and joints.5 Although
there are many reports of clinical success using
these methods, the quality of the evidence is vari-
able. Dextrose prolotherapy has many mechanistic
analogies to honey therapy for wounds, a therapy
that is indeed supported by evidence. Therefore,
if good quality evidence can be generated for pro-
lotherapy, it may prove to be another approach
for improving healing while concomitantly de-
creasing pain.

BACKGROUND
Prolotherapy, Definition

The term prolotherapy was coined by Dr. George
Hackett in 1956 as an approach for healing dam-
aged ligaments and tendons, and derives from the
Latin ‘‘proles,’’ offspring or progeny and the En-
glish ‘‘therapy.’’6 The medical definition of the
prolotherapy in the Merriam-Webster Dictionary is
‘‘an alternative therapy for treating musculoskel-
etal pain that involves injecting an irritant sub-
stance (as dextrose, also known as d-glucose) into a
ligament or tendon to promote the growth of new
tissue,’’7 although some practitioners object to the
‘‘alternative’’ appelation.8 Multiple agents are used
in prolotherapy, some classified as irritants (such
as phenol), some as chemoattractants (commonly
sodium morrhuate), and others as osmotic agents
(commonly dextrose). This review will focus only on
dextrose prolotherapy, because of its potential
mechanistic analogy to the already approved and
widely clinically used, honey in wound therapy.

Clinical Uses
Since its introduction, perhaps as early as Hip-

pocrates,9 injections of irritants into tissues has
been increasingly used to treat various musculo-
skeletal injuries including osteoarthritis, muscu-
loskeletal pain, low back pain, refractory lateral
epicondylosis and joint pain, and laxity.10

Clinical Evidence
There are numerous clinical trials proclaiming

the efficacy of prolotherapy for treatment of the
painful musculoskeletal issues.11–13 For example,
prolotherapy for patients with lateral epicondyli-
tis, using a solution with a final concentration of
10% dextrose along with other components, ad-
ministered at weeks 0, 4, and 8, showed significant
improvement in the outcomes of pain and isometric
strength, compared with placebo (saline)-treated
patients.11 Prolotherapy has also been reported to
improve outcomes in knee osteoarthritis. In a sys-
tematic review with meta-analysis, prolotherapy
was found to be more effective than exercise alone
for significantly improving outcomes as measured
by standardized scales for pain and functionality.13

Chronic rotator cuff injury is yet another mus-
culoskeletal entity that has been addressed with
prolotherapy, with reported significant improve-
ment in the outcomes of pain and functionality as
measured by the Western Ontario Rotator Cuff and
the Shoulder Pain and Disability Indices. In one
study of prolotherapy for rotator cuff injury, injec-
tion of 4 mL of a solution with a final concentration
of 22% dextrose to the bursa and 20 mL of a solution
with final dextrose concentration of 13.5% to the
surrounding soft tissue containing resulted in ex-
cellent or good outcomes reported in 92.9% (of 57
total treated) patients compared with 56.8% im-
provement in the group that only had physiother-
apy.12 Another recent review of evidence concluded
that hypertonic dextrose prolotherapy is effective
for treatment of diverse musculoskeletal entities
including tendinopathies, knee and finger joint
osteoarthrosis, and spinal/pelvic pain because of
ligament dysfunction.10

However, there are also reports that show no, or
limited, efficacy, especially when prolotherapy is
used for chronic low back pain. A 2007 Cochrane
review of the evidence concluded that prolotherapy
is not effective when used alone for this indication,
but may provide improvement when combined
with other modalities and interventions.5 The re-
view did, however, point out some more promising
evidence for efficacy in lumbar pain caused by disc
disease.14 As prolotherapy is associated with some
adverse events, mostly transient increases in pain
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and stiffness, similar to those seen with other
needle injuries to the spine,15 patients and physi-
cians should consider these risks in weighing the
potential benefits.

Technique
Prolotherapy involves the injection of aliquots of

the prolotherapy solution to painful joints, liga-
ments, tendons, and joint spaces. These injections
are performed in several sessions, usually every 2–
6 weeks, and from three to six or more treat-
ments.16 Although different agents are used in
prolotherapy, hyperosmolar dextrose is among the
most common. The usual concentration ranges
from 12.5% to 25%. Dextrose (d-glucose) is water
soluble and a normal constituent of the blood
chemistry. Concentrations of 15% dextrose are
most often used for periarticular injections (tendon
and ligament attachment) and 25% is used for in-
traarticular injections; saline and 1% lidocaine, to
decrease pain associated with the injection, are
typically used as co-injected diluents. The size of
the needle is selected by the target tissue and the
smallest needle that can reach the target tissue is
selected.16

Proposed Mechanism of Action
Although the exact mechanism of prolotherapy

is not clear, proponents of the technique believe
that the injection of hypertonic dextrose causes cell
dehydration and osmotic rupture at the injection
site that leads to local tissue injury that subse-
quently induces granulocyte and macrophage mi-
gration to the site, with release of the growth
factors and collagen deposition, and with final re-
sult of the new connective tissue formation, joint
stability, and reduction in pain and dysfunction.10

In vitro studies have shown that even concentra-
tions as low as 5% dextrose have resulted in pro-
duction of a number of growth factors critical for
tissue repair. Some of these growth factors include
PDGF, TGF-b, EGF, b-FGF, IGF-1, and CTGF.17–19

High glucose can increase the production of the
PDGF in cultured cells20,21 and thus may contribute
to reparative effects of prolotherapy.

Multiple studies have examined the effects of
increased levels of glucose on cells in culture, as a
model for hyperglycemic effects of diabetes. Thus
most reports are focused on the deleterious effects
of high glucose for cellular processes involved in
wound healing.22–25 However, pro-reparative ef-
fects have been reported as well. For example, the
elevated reactive oxygen environment induced by
cultivation in high-glucose medium induces the
migration of mesenchymal stem cells,26 which
presumably would improve their recruitment to

the wound site, improve healing. Human kerati-
nocytes respond to cultivation in high-glucose me-
dium with decreased migration,27 but increase in
differentiation-related proteins of filaggrin and
claudin.28 Increased generation of pro-reparative
growth factors, as noted above, is also seen with
cultivation in high-glucose medium.

A recent study, evaluated the effects of dextrose
(and another prolotherapy agent phenol–glycerine–
glucose [P2G], which is a combination of phenol,
glucose, and glycerin) on cultured tenocytes, ex-
amining expression of several key markers that are
essential for tendon development and
inflammation. They found that both dextrose (50%)
and P2G independently upregulated key pro-
inflammatory markers including interleukin 8
(IL-8), cyclooxygenase-2, and prostaglandin E2,
although collagen type I and TGF-b expression
were decreased, perhaps because these were mea-
sured only at 24 h after the dextrose treatment.29

The authors concluded that dextrose prolotherapy
may work by triggering an inflammatory response,
with later induction of collagen synthesis.

At the tissue level, one study showed signifi-
cantly larger cross-sectional area of injured medial
collateral rat ligaments injected with 15% dextrose
compared with noninjured and injured saline-
injected controls in the rat models.30 Yet, even in
in vivo models there is variability in response,
limiting translational ability. In (noninjured) rat
medial collateral ligaments, injection with P2G or
sodium morrhuate resulted in a localized increase
in inflammatory cells (CD43+, ED1+, and ED2+

cells) but this inflammatory response was variable
and not uniformly different from those of control
saline injections or needlestick procedures.31 One
could argue that the needlestick trauma alone may
be sufficient to induce the required inflammatory
response, at least in this model.

Indications and Contraindications
Prolotherapy has been used to treat pain in

many chronic conditions including knee and finger
joint osteoarthritis,7 tendinopathy,31 lateral epi-
condylosis,6 Osgood–Schlatter disease,5 rotator
cuff tendinopathy,8 hip adductor tendinopathy,31

Achilles tendinopathy, and palntarfasciopathy.32

Overall, prolotherapy seems to be safe and few
adverse effects have been reported.15 Active rheu-
matologic disorders, joint or skin infections, allergy
to corn, and use of immunosuppressive are re-
garded as absolute contraindications of the dex-
trose prolotherapy. Acute fractures, acute gout,
bleeding disorders, and use of anticoagulants are
considered as relative contraindications.32
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Chronic or Nonhealing Ulcers
One then might propose that prolotherapy could

be a reasonable approach for chronic skin ulcers:
nonhealing wounds with various etiologies, in-
cluding venous leg/diabetic foot/pressure, and is-
chemic ulcers. Both tissue repair and pain, a
common, although frequently overlooked, com-
plaint in chronic wound patients33 might be ad-
dressed by prolotherapy. The standard treatment
for chronic ulcers depends on their underlying pa-
thology and includes offloading, control of blood
glucose, foot care education and revascularization
techniques for DFUs, compression for venous ul-
cers, and infection control, surgical or chemical
debridement, and moist healing environment for
chronic wounds of any etiology34 Nevertheless,
standard of care fails to heal about 50% of DFUs3

and 25% of venous leg ulcers.35,36 When standard
therapies fail to heal a chronic ulcer, advanced
treatments are considered. Some of the advanced
treatments include collagen products, biological
dressings, biological skin equivalents, cultured
keratinocytes, PDGF, platelet-rich plasma (PRP),
silver products, intermittent pneumatic compres-
sion therapy, negative pressure wound therapy,
electrical stimulation, hyperbaric oxygen, topical
oxygen, and ozone.34,37

Here, we review the basic features of the wound
healing with respect to where in the process pro-
lotherapy might have pro-reparative effects and
thus have potential as an adjunctive treatment for
chronic cutaneous wounds.

Wound Repair Process
The normal process of the wound healing goes

through three overlapping steps with hemostasis/
inflammatory, proliferative, and remodeling pha-
ses. Multiple cytokines participate in the inflam-
matory and proliferative processes, including
PDGF, FGF, tumor necrosis factor alpha (TNF-a),
EGF, TGF-b granulocyte-monocyte colony-
stimulating factor, among others that modulate the
recruitment and proliferation of the cells involved
in repair: fibroblasts, endothelial and epithelial
cells, macrophages, neutrophils, and lymphocytes
(reviewed in Gould et al.37). The remodeling phase
is characterized by replacement of the provisional
wound matrix that is primarily collagen type III by
collagen type I, and cross-linking collagen fibers to
increase the strength of the healed.37

In chronic cutaneous wounds, the ulcer repair is
arrested in the inflammatory phase with altered
extracellular matrix, decreased growth factors,
senescent cells, and increased activity of matrix
proteases.37–40 Prolotherapy, with the changes it

induces in tissues, might address some of the ab-
normalities that stall healing in chronic wounds.

Analgesic Effects
About 60% of the patients with venous leg ulcer

report pain, and the same may apply to other
chronic wounds.41 Inattention to management of
pain in chronic ulcers may contribute to increased
health care costs and depression in affected pa-
tients.41 Prolotherapy is reported to decrease pain
in randomized controlled trials of patients with a
number of different musculoskeletal conditions.42–44

The mechanism underpinning the reduction in
pain is not clear. In another randomized clinical
trial, Maniquis-Smigel et al. have shown that 5%
dextrose epidural injection resulted in >50% pain
reduction in 84% of patients with chronic low back
pain suggesting a pain-specific neurogenic effect.45

The authors concluded that although the onset of
5% dextrose analgesia was comparable with fen-
tanyl and morphine, the duration of analgesia was
even longer for dextrose. No complication regard-
ing use of 5% dextrose was reported. In this and
another randomized trial demonstrating efficacy of
dextrose epidural injection for chronic back pain,46

the authors posit that dextrose can directly alter
sensorineural pain perception; however, no mech-
anism is elucidated in these studies. Other inves-
tigators have reported that subcutaneous and
peripheral nerve infiltration of dextrose and man-
nitol has the same analgesic effect in patients with
chronic pain.47 They demonstrate in a small trial
that a topical cream containing 30% mannitol can
mitigate experimental pain induced by capsaicin
activation of receptor potential vanilloid type-1
(TRPV1) pain receptor.47 Thus, although the mech-
anism remains unclear, they propose that mannitol
or dextrose decreases TRPV1-mediated pain sig-
naling. Although mechanistically unclear, pain
reduction reported with dextrose prolotherapy may
translate to pain relief in patients with chronic
ulcers.

DISCUSSION OF FINDINGS
AND RELEVANT LITERATURE
The Possible Role of the Prolotherapy
in the Wound

Upregulation of growth factors. As in vitro
studies have shown that cultivation of cells in high-
glucose culture medium can increase PDGF ex-
pression, this may be one mechanism by which
prolotherapy can improve healing in chronic
wounds. PDGF has multiple pro-reparative effects
in skin wounds, including promotion of angiogen-
esis, fibroblast proliferation, extracellular matrix
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production (reviewed in Barrientos et al48), and, in
fact, is the only growth factor approved by the
Food and Drug Administration for clinic use to
improve healing of diabetic chronic wounds
(Becaplermin gel).49

Likewise, TGF-b, involved in all steps of wound
healing including inflammation, angiogenesis,
fibroblast proliferation, collagen synthesis, ma-
trix deposition, and remodeling, and wound
reepithelialization48 is present in the normally
healing wounds,50 and conversely, signaling
through this pathway is diminished in chronic
wounds.39 As TGF-b expression is also upregulated
by high glucose,17,19,20 another possible mecha-
nism for potential of prolotherapy to enhance
wound healing would be through increasing TGF-b
expression and activity.

Upregulation of other pro-reparative growth
factors by prolotherapy could also potentially con-
tribute to improved healing of chronic wounds.
EGF, yet another growth factor induced by dex-
trose prolotherapy,18 also has multiple pro-
reparative functions and improves healing in some
animal wound models of impaired healing. b-FGF
is yet another pro-reparative growth factor48 that
is produced during prolotherapy21 and thus, the
upregulation of both EGF and b-FGF by pro-
lotherapy could potentially improve healing in
chronic wounds. Other growth factors upregulated
by high glucose include IGF-119 and CTGF,51 both
pro-reparative and with known contributions to
in vivo wound healing models.52,53

Matrix effects. Although proponents of pro-
lotherapy suggest that there are direct effects on
collagen synthesis, the evidence to support this
claim is quite limited. A few studies demonstrate
upregulation of matrix in response to dextrose
prolotherapy or in vitro cultivation with high con-
centrations of glucose. Collagen expression is in-
creased after exposure of patellar tendon
fibroblasts to the prolotherapy agents P2G or dex-
trose54 and thus may contribute to tissue regener-
ation within a cutaneous wound. Collagen type I
synthesis is also increased in high-glucose culti-
vation of renal fibroblasts, in a TGF-b-mediated
pathway.55 Changes in the cartilage matrix protein
aggrecan is reported in chondrocytes cultured in
high glucose,56 and in patients who have received
intraarticular injections of 12.5% dextrose, an in-
crease in cellularity and fibrous components of ar-
ticular cartilage has been observed.57 Additional
laboratory and clinical studies are needed to doc-
ument potential effects of dextrose prolotherapy on
extracellular matrix components.

Prolotherapy Analogy to Honey?
In 1981, Knutson et al. reported the use of gran-

ulated sugar and povidone–iodine in patients with
wounds, burns, and ulcers, and noted improved
healing that they ascribed to a reduction in bacterial
contamination, and rapid debridement of eschar.58

Another study found in vitro antimicrobial efficacy in
three types of granulated sugar against 18 Gram-
negative and Gram-positive bacteria, and in a pilot
clinical study, treated 22 patients with sloughy or
necrotic wounds with granulated sugar for 21 days,
with the outcome of improved debridement, de-
creased pain, and malodor, althoughnot indecreased
time to healing.59 The concentrations of glucose
within the commonly used prolotherapy solutions do
not reach the concentration that would be present
when granulated sugar is directly applied to a
wound; nevertheless, the antimicrobial activity of
these solutions in vitro have not been reported, and
may be worthwhile investigating.

Quite a number of animal studies have demon-
strated improved healing of skin wounds with topi-
cal application of honey.60,61 Its beneficial effect on
healing has been ascribed to its antibacterial effects
either through the generation of hydrogen peroxide
(H2O2)62 or by antibacterial effects of flavinoids
present in some types of honey (notably Manuka
honey).63–65 H2O2 generated bytopical application of
honey in the wound may also signal for reparative
pathways.66,67 Multiple honey-containing topical
creams and dressings are commercially available for
wound therapy, although Cochrane review of the
evidence of their efficacy supports its use only in
burn wounds.68 Honey is composed of water (<20%),
sugars (most commonly fructose, *76%), and a host
of other components,67 and although it is tempting to
propose that some of the effects of dextrose pro-
lotherapy are mediated by generation of H2O2 in the
injected tissues, there are no studies to evaluate this
possibility. It may be that the use of honey for wound
repair and its mechanisms could be considered a
model for treatment of cutaneous wounds using
prolotherapy, but laboratory studies will be needed
to support this possibility.

Reported Clinical Use for Skin Wound Healing
There are only three reports of clinical use of

high dextrose solutions to improve skin healing,
and a few reporting use for cosmetic skin indica-
tions. Subcutaneous injection of 20% glucose solu-
tion was reported to improve dermal thickness
(visual analysis) in atrophic scars with results
lasting for up to 2 months,69 a finding that has been
extended to cosmetic applications of improving
skin laxity in the aging face.70,71 Topical applica-
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tion of 50% glucose solution, in
combination with negative pressure
therapy is reported to hasten wound
bed granulation tissue formation in
Pseudomonas aeruginosa–infected
chronic wounds.72 A similar protocol
of topical administration of 50%
glucose solution is reported to have a
small but statistically significant,
improvement in the rate of healing of
stage III pressure ulcers.73

Insurance Coverage
Currently Medicare and Medicaid

do not cover prolotherapy,74 as it is
currently considered an experimen-
tal procedure. Likewise, major insurers follow the
Medicare and Medicaid guidelines, and also do not
provide benefit coverage for prolotherapy.75,76 Lack
of coverage will present a formidable obstacle to
potential clinical implementation for wound ther-
apy. There are at the time of this writing, 13 ongo-
ing clinical trials examining the efficacy of dextrose
prolotherapy for musculoskeletal indications.*

If they generate high-quality evidence, insurance
and Medicare/Medicaid coverage may follow.

FUTURE DIRECTIONS

To generate definitive evidence to support the
potential of prolotherapy to improve healing of
chronic wounds clinical trials will need to be per-
formed, not only with different prolotherapy
agents, but also with different concentrations of the
tested agents. Since the agents are not likely to be
able to be patented for this indication, trials would
not be supported by industry, and it would fall to
federal agencies to fund this research. In doing this,
a low cost and effective therapy for disease that has
limited effective options might be developed.

SUMMARY

Dextrose prolotherapy is widely used to treat
many musculoskeletal injuries. This review exam-
ines the preclinical and clinical evidence to evaluate
whether the mechanisms that support its use for
musculoskeletal injury can be applied to improve
healing in the sustained injury of chronic cutaneous
wounds. In vitro evidence supports the use of high-
glucose cultivation to address the decreased prolif-
erative capacity of senescent fibroblasts in the wound
that exhibit decreased responsivity to growth factors
such as PDGF.37 There is good evidence of increased

growth factor generation in response to in vitro cul-
tivation in high glucose. Other cellular mechanisms,
including some modulation of the extracellular ma-
trix could conceivably contribute to healing in the
chronic wound. Clinical trials of dextrose prolother-
apy for musculoskeletal indications, although of
variable quality, find pro-reparative responses and
decrease in pain in treated patients. As chronic
wounds have such a high socioeconomic cost for both
the health system and the patients with limited
therapies, evidence suggests that dextrose pro-
lotherapy could be a useful adjunct for patients with
chronic wounds. The injection of the dextrose in the
wound periphery and base is hypothesized to trigger
release of the growth factors that may accelerate the
process of wound healing. These hypotheses can only
be tested by rigorous clinical trials.
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TAKE HOME MESSAGES

� Prolotherapy is widely used to treat musculoskeletal injuries, and there are
multiple clinical trials, of variable quality, showing efficacy for these indications.

� The in vitro evidence supports the pro-reparative role of this therapy, in that it
can induce generation of growth factors.

� The in vivo evidence demonstrates that dextrose prolotherapy induces a limited
inflammatory response that progresses to reparative responses.

� These findings suggest that dextrose prolotherapy may analogously improve
healing in chronic wounds.

� Obstacles include lack of third-party insurer coverage and lack of clinical evi-
dence in the skin wound healing area.

� Clinical trials are suggested to determine if this is a viable alternative therapy
for chronic wounds.

*https://clinicaltrials.gov/ct2/results?cond=&term=prolotherapy
&cntry=&state=&city=&dist=
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ABBREVIATIONS
AND ACRONYMS

b-FGF ¼ basic fibroblast growth factor
CTGF ¼ connective tissue growth factor
DFU ¼ diabetic foot ulcer
EGF ¼ epidermal growth factor

H2O2 ¼ hydrogen peroxide
IGF ¼ insulin-like growth factor

P2G ¼ phenol–glycerine–glucose
PDGF ¼ platelet-derived growth factor

TGF-b ¼ transforming growth factor-beta
TRPV1 ¼ receptor potential vanilloid type-1
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