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Abstract: Introduction-Insulin exerts metabolic and growth-stimulating actions both through its own receptors and the
receptors of its homologous factors (IGFs), although with different degrees of affinity. The A receptor of insulin acts more
intensely on the cell membrane, with a metabolic response, whereas the B receptor is quickly internalized, stimulates cell
growth, can be directed to the treatment of wounds difficult to heal. Objective-we proposes to evaluate the potential of insulin
as an inducing agent in the regeneration of wounds that are difficult to heal as a therapeutic option. Methodology-Simultaneous
intra and perilesional injections of 0.01ml of the solution containing 5UI of NPH single-component insulin diluted in 1 ml of
lidocaine into various planes and wound sites. Clinical, glycemic and photographic evaluations of the patients were performed.
Results-The cicatricial response occured in all patients and observed since the first applications. Withouth glycemic changes.
Comments - The responses obtained can be attributed to both the stimulation of insulin receptors and that of their counterparts.
Conclusions-The method was effective and without adverse effects. Different intervals between applications did not change the
results. The availability of insulin and safety for its use indicate the method as a therapeutic option in difficult to heal wounds.
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1. Introduction
Although insulin-like growth factors (IGF-1 and IGF-2)
were originally considered involved only in regulating cell
growth, both insulin and IGFs are capable of modifying
glucose uptake and cell growth through translocation of
different receptors (IR, IGF1-1R and IGF2-2R) [1-4] that are
expressed by all types of animal cells.
Insulin binds to its 1Rs receptors with higher affinity than
to IGF1-1R, whereas to IGFs 1 and 2 bind to their cognate
receptors with greater affinity than insulin 1Rs. [3] These
receptors are transmembrane glycoproteins, generated by
alternative tissue splicings [5, 6] and mediate pleiotrophic
actions in a myriad of biological functions.
The structural differences between insulin and IGFs, relate
to their polypeptide chains. While IGFs contain the
polypeptide chains A, B, C and D, insulin contains only the A
and B chains. The mitogenic activity of these receptors
depends on their internalization while signaling to the
metabolic activity occurs on the cell membrane. [7] The
receptor A (IR-A) is quickly internalized in response to

insulin than the B receptor (IR-B), thus stimulating gene
transcription through mitogen activated protein kinase
(MAPK).
Although all cell types express both forms of IRs at
different levels, IR-A predominates in fetal tissue and cancer
cells. IR-B predominates in adult differentiated tissues,
regulating glucose homeostasis. [8]
The high expression of receptor A, which occurs in fetal
cells, is common in cancer and indicates proliferative and
anti-apoptotic response, prevailing over isoform B.
Inactivation of B receptor favors IGF-1 and cell viability. [9]
Both endogenous and exogenous hyperinsulinemia promote
the phosphorylation and activation of farnesyltransferase with
increase in the plasma membrane of the RAS protein, [12]
with information transmission to the nucleus and cellular
multiplicative response, contributing to tumor development.
[10–15]
The association of hyperinsulinemia with the tumor
stimulus [8, 16, 17, 9, 15, 18] and with the stimulatory
activity of IGF1 [1, 2, 7, 9, 10] determining cell migration
and proliferation, indicates its potential as a cicatricial
inducer.
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2. Use of Tissue Stimulatory Activity of
Insulin
The stimulatory potential of insulin has been used by us in
humans to recover cutaneous and subcutaneous atrophies. [19]
During the trials, the authors used insulin in 5UI applications
diluted and fractionated in multiple simultaneous injections
of 0.05UI, locally and timely repeated in different planes and
intervals, aiming at their local function. No changes in
glycemic levels or any systemic modification related with the
method were observed in these procedures. The method was
further tested by us to accelerate the healing of experimental
wounds in Wistar rats. [20] Recently, advantages have also
been reported in the application of insulin ointment to second
degree burns in diabetic rats. [21]
The mitogenic property of insulin has also been assayed
for tissue protection in experimental models of rats with
severe burns and myocardial injury, [22] hepatic injury [23,
24] and pulmonary injury. [25]
Combined administration of insulin and nerve growth
factor (NGF), in a distinct manner from NGF alone, has been
shown to promote increased angiogenesis by accelerating the
healing of burns in diabetic rats.[26]
Hyperglycemia due to hypermetabolic response to stress is
a common occurrence after thermal injury. Burned pediatric
patients who presented damage from glucose tolerance, [27a]
who underwent intense insulin therapy, improved mitochondrial
function [28b] as well as protein synthesis. [27-29]
The results obtained by the different authors indicate the
possibility of using insulin as a wound healing inducer.

3. Difficult to Heal Wounds. Therapeutic
Insulin Trial
3.1. Objective
To evaluate the action of insulin in the regeneration of
wounds that are difficult to heal.
3.2. Methodology
1. Intralesional and perilesional applications, of 4-5UI of
NPH* monocomponent insulin, diluted in 1ml of lidocaine in
multiple simultaneous injections of 0.01 ml, in various planes
and lesion points, repeated at variable time intervals, in 7
wounds with scarring difficulty. Debridement of wounds with
necrotic tissues on the first day of treatment. Three patients
(2, 5 and 7) had topical and daily addition of one drop of
undiluted insulin to the wound surface.
In the purulent lesions, simultaneous application of topical
antibiotics were done.
There was no selection of patients regarding the etiology
of the wounds nor in relation to the age group. These were
treated with varying intervals between applications.
*Novolin Nordisk Insulin NPH 100UI.
2. Glycemic evaluations were made after the first
application.
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3. Clinical and photographic documentation of patients
was done.
3.3. Patients
1. A 29-year-old female patient for 127 days with an
intergluteal surgical wound, 9 cm in diameter, reaching the
entire skin thickness, due to cosmetic surgery for
implantation of silicone prosthesis in the gluteal region with
the aim of increasing local volume. Without any sign of
reduction, the wound had not responded to treatment with
hyperbaric oxygen and topical medications.
2. A 54-year-old male patient with 30 days of incandescent
charcoal wound on the inner side of the right calf with 4cm
of diameter and 1cm depth, with purulent borders and
background, without cicatricial evolution.
3. A 21-year-old male patient had 136 days of necrotic
background, 6cm diameter, reaching adipose tissue with no
healing signs and a probable "brown spider" sting
(Loxosceles).
4. A 23-year-old male patient* (Figures 1-2), stung in the
gluteal region by brown spider (Loxosceles)*. The treatment
started after 60 days, without debridement of the lesion,
presenting a large necrotic ulcer, with raised lips and necrotic
background in the gluteal region.**
The venom of the brown spider is usually painless, but
causes chronic, non-healing necrotic wound, characterized by
tissue destruction by metalloproteinases30 that remains for
several months without healing.
**Patient diagnosed and treated with this process, by the
dermatologist Dr. Marília Nunes Nogueira.
5. A 29-year-old male patient (Figures 3-4), with extensive
bilateral, painful axillary wounds reaching a large part of the
subcutaneous tissue, with necrosis, exudation, and unbroken
edges without any cicatricial tendencies, evolving for15 days
and resulting from subcutaneous surgical curettage of sweat
glands.
6. A 81-year-old female patient, for 93 days with a
traumatic wound in the middle-third of the right pretibial,
drained 30 days before the hematoma exit and aspirated for
seroma removal one week later. It was previously treated
with antibiotics, anti-inflammatories and ointments, with no
results. At the examination, purulent lesion, 10/1.5cm,
reaching the subcutaneous tissue with detached borders
without signs of regenerative activity.
7. A 94-year-old female patient (Figures 5-6), in an
advanced stage of Alzheimer's disease, and for about 4
months with large pressure ulcer in the coccygeal region,
showing bone surface and, under the borders, 4.5cm dead
space, covered by blackened necrotic tissue. Due to the
physical conditions of the patient, the procedure was
performed only aiming at its better tissue preservation.
8. Female patient of 76 years, with traumatic wound with
no cicatricial tendency.
3.4. Results
Patient-specific data are listed in the Woundlessness chart.
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All wounds with necrosis were debrided on the first day of
treatment, except for the wound in patient number 4. The
onset of cicatricial regenerative activity in all lesions was
observed between 1 and 2 days after the first application.
There were no adverse effects or changes in glycemic
levels during or after treatment.
The 94-year-old patient continued her treatment for two
months, later dying of natural causes. Due to the extension of
the lesion, together with the impossibility of surgical solution,
as well as the possible unwanted unfolding inherent to the
patient's age, it was evaluated that the treatment proposed
here would be conducted with the best risk-benefit ratio.

Figure 4. Patient 5- After 7 applications at 16 days of treatment. Partial
healing.

Figure 4. Patient 7- 4 months with large pressure ulcer in the coccygeal
region, showing bone surface and, under the borders, 4.5cm dead space,
covered by blackened necrotic tissue.

Figure 1. Patient 4- Pre-treatment, necrotic lesion, by brown spider bite.

Figure 2. Patient 4- 15 applications. After 40 days. Complete healing.

Figure 5. Patient 7- After 6 applications.

4. Discussion

Figure 3. Patient 5- a large part of the subcutaneous tissue, with necrosis,
exudation, and unbroken edges without any cicatricial tendencies. After 7
applications at 16 days of treatment. Partial healing.

Numerous investigations have been carried out with the
purpose of enhancing the cicatricial process in wounds of
different etiologies that do not respond to the treatments
recommended by medical practice. Even in the procedures in
which excellent results are demonstrated, they present
difficulties for routine therapeutic use.
Cicatricial stimuli obtained by the insertion of different
growth factors have been attested by different authors. [31-34]
However, the factors employed are still not available in
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standardized and safe conditions for therapeutic use.
Another peculiarity of such factors to further restrict their
use is in the fact that they determine stimuli that hold some
cellular specificity distinct from insulin, which has receptors
in all eukaryotic cells.
The application of platelet-rich plasma, [35] requires
equipment, professionals with specific technical training, as
well as a microbiologically acceptable environment: a rarely
available combination of requirements.
The use of multipotent bone marrow cells [36] or the
abdominal adipose tissue stroma [37, 38] is capable of
promoting the recovery of extensive tissue lesions. However,
it is an expensive and demanding procedure of laboratory and
technical equipment, being restricted to exceptional
situations and still executed in experimental procedures.
Although a double-blind or large-sample trial was not
performed, it was found that, compared with the time of
previous evolution of the treated wounds, with the time
elapsed for healing through the treatment tested, the results
achieved and the extreme ease of execution demonstrate the
method suitability for routine therapeutic use. This
conclusion is corroborated by the responses obtained with the
use of insulin in animal tests, [23-26] in human atrophies [19,
20] as well as in the cicatricial recovery of burned pediatric
patients. [26, 28]

5. Comments
The obtained responses can be attributed to the stimulation

187

of both the insulin receptors and their homologues IGF1 and
IGF2. The fractioning of the doses in simultaneous multiple
injections aimed to benefit the local insulin activity and the
reduction of its systemic absorption.
The healing process requires greater and orderly
production of chemotactic and growth factors, capable of
increasing the presence of the cell types specifically required
for the cicatricial stage. Determining which predominant
factors involved in each biological moment of a cicatricial
process and applying them safely is a considerable challenge.
The choice of insulin, due to its physiological potential in all
the cellular vital phases, is a therapeutic to be considered.
The intralesional use of insulin ensures its absorption,
greater stability, longer activity period and absence of contact
with necrotic or enzymatic materials capable of preventing or
change its activity in topical use.

6. Conclusions
1. Insulin therapy has been shown to be effective and
without adverse effects;
2. Different intervals between applications did not change
the obtained results;
3. The availability of insulin and the safety of its use
indicate the authors' method as an advantageous therapeutic
option in the recovery of tissues;
4. The availability, low cost and wide knowledge available
on this substance justify its indication as a therapeutic
method for are difficult to heal wounds.

Table 1. Wounds without a tendency to heal.
Wounds without a tendency to heal
Patient
Sex
Age
1
Fem
29
2
Masc
54
3
Masc
21
4
Masc
23
5
Masc
29
6
Fem
81
7
Fem
93
8
Fem
76

Etiology
Cirurgic
Incandescent coal burning
Probable brown spider bite
Brown spider bite
Cirurgic
Traumatic
Pressure ulcer
Traumatic wound

Evolution
127 days
30 days
136 days
60 days
16 days
93 days
120 dias
12 dias

Inicial response
48h
72h
48h
48h
24h
48h
24h
48h

Number of applications
11
4
15
15
7
8
6
5

Resolution (in days)
21
15
35
40
21
36
*
12

*Palliative care.
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