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Effect of local insulin injection on wound vascularization
in patients with diabetic foot ulcer
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Abstract. The aim of the present study was to investigate the
effect of local insulin injection on granulation tissue formation
in the wounds of patients with diabetic foot ulcer. Thirty-two
patients with diabetic foot ulcer were randomly divided into
an insulin (n=18) and a control (n=14) group. In the diabetic
foot ulcer wound, the insulin group were administered insulin
and the control group were administered an equal volume of
saline. Prior to injection and at 0.5, 1.0, 2.0 and 4.0 h after
injection, the fingertip blood glucose levels were determined.
The growth of granulation tissue was assessed continuously for
12 days. Wound tissue was harvested at 0, 5, 7 and 12 days for
the detection of CD34 expression by immunohistochemistry.
The microvessel density (MVD) was calculated. No significant
difference in the fasting blood glucose level was found between
the two groups at any time-point (P>0.05). Growth of granula-
tion tissue in the insulin group was more marked from 7 days
after local insulin injection (24.87+0.24) and was significantly
different from that in the control group (18.66+0.45) (P<0.01).
New vessels were observed in the insulin group 3 days after
insulin injection; however, there was no significant difference
in MVD compared with the control group (P>0.05). The
MVD in the insulin group increased markedly from 5 days
after treatment, and the difference between the two groups was
significant (P<0.01). In conclusion, local injection of insulin
into the base of a diabetic foot ulcer has a significant effect on
systemic blood glucose and may promote wound healing by
improving the growth of granulation tissue.

Introduction

Diabetic foot is a common complication of diabetes. In
patients with diabetic foot ulcers, numerous factors can lead
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to the slow growth of the local wound granulation tissue,
such as increased blood glucose (locally and systemically),
inefficient wound angiogenesis and fibrous tissue deposi-
tion (1,2). Clinical and animal experiments have indicated
that local treatment with insulin may improve wound healing
in diabetes (3-5). A previous animal study demonstrated that
insulin could reduce inflammation and increase collagen
deposition, thus inducing accelerated burn wound healing (6).
In addition, insulin injected diffusely into the wound can
accelerate wound re-epithelialization (7-10). This may be
caused by insulin promoting protein synthesis and suggests
that insulin may play a role in the process of wound healing.
Local use of insulin in the treatment of refractory wounds has
been widely studied; however, the effective concentration and
the safe dose of insulin are not clear.

The disorder and loss of function of angiogenesis in
diabetic ulcer wounds are considered to be the dominating
factors leading to poor wound healing (11-13). Restoring the
function and structure of the vasculature and improving angio-
genesis are currently the key problems to be solved for wound
healing in patients. CD34 is a type-I phosphorylated trans-
membrane glycoprotein and a marker of vascular endothelial
cells. Due to its high expression levels in new blood vessels,
CD34 is additionally an important indicator of angiogenesis.
Anti-CD34 antibody can be used to successfully distinguish
new blood vessels from mature vessels (14). Microvessel
density (MVD), which is calculated based on the expression of
CD34, represents a quantitative indicator of angiogenesis. As a
result, curative effects in cases of diabetic foot can be assessed
by detecting the expression of CD34 and calculating the MVD.

The aim of the present study was to investigate the effect
of local insulin injection on granulation tissue formation in
the wounds of patients with diabetic foot ulcer. The curative
effects and safe dose of local insulin injection were also evalu-
ated.

Materials and methods

Patients. The 32 patients enrolled in this study were hospi-
talized in the Department of Burns of the People's Hospital
of Xinjiang Uygur Autonomous Region (Urumchi, China)
between June 2010 and June 2013. Among these patients
were 22 men and 10 women. The age of the patients ranged
from 42 to 83 years, with the mean age of 67.12+2.65 years.
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The patients all had diabetes, and the duration of diabetes
was 5-20 years (mean, 7.52+1.33 years). The fasting fingertip
blood glucose level, as determined by the OneTouch® blood
glucose meter (Johnson & Johnson, Rochester, NY, USA),
ranged from 5.7 to 8.6 mmol/l (mean, 6.66+1.19 mmol/l).
The duration of ulcers (gangrene) was 12-160 days (mean,
122.36+34.5 days). Certain cases were complicated by diabetic
nephropathy, retinopathy and cardiovascular disease (such as
coronary heart disease, hypertension and cerebral infarc-
tion). The inclusion criteria for the patients were as follows:
i) Patients who were diagnosed with diabetic foot according
to the 2010 Edition of the Clinical Practice Guidelines for the
Prevention and Management of Diabetes Foot Complications
(edited by the American Diabetes Association) (6); ii) volun-
tary participants who were able and willing to participate in
the studys; iii) patients who had relatively stable blood glucose
levels, without the influence of diet, exercise, infection, stress
or other factors that could affect systemic blood glucose; and
iv) patients who exhibited yellow wounds without significant
growth of granulation tissue. The exclusion criteria were as
follows: i) Patients who succumbed during the treatment;
ii) patients who exhibited extensive and complete necrosis in
the body and required immediate amputation at the time of
admission to hospital; iii) patients who were discharged early
or discontinued the therapy. Six patients were excluded from
the present study. Written informed consent was obtained
from all patients enrolled in the study prior to them under-
going the examination. The study protocol was approved by
the Ethics Committee of the People's Hospital of Xinjiang
Uygur Autonomous Region.

Wound treatment. The eschar and necrotic tissue attached
to the wound was removed. As a support for late repair, the
tendons and nerves without obvious liquefactive necrosis
were reserved, and soft tissues were retained to the greatest
extent possible. To avoid the effect of the drug on the local
blood glucose level, all the wounds were cleaned with physi-
ological saline.

Grouping and sample collection. The 32 patients enrolled
in this study were randomly allocated to either the insulin
group (n=18) or the control group (n=14). In the insulin
group, one-half of the calculated dose of isophane protamine
biosynthetic human insulin (premixed 30:70; Novo Nordisk
Pharmaceutical Industries, Inc., Clayton, NC, USA) was
diluted with physiological saline to a total volume of 1 ml and
was then injected diffusely into the base of the diabetic foot
ulcer. The remaining half dose of insulin was subcutaneously
injected into the abdominal wall. The insulin injection was
performed twice a day. In the control group, the calculated
dose of human insulin was subcutaneously injected into the
abdominal wall and 1 ml normal saline was subcutaneously
injected into the base of the diabetic foot ulcer. The injection
was performed twice a day. Both groups received injections
for 7 consecutive days.

On days 0, 5, 7 and 12 after injection, wound tissue
measuring 0.5x0.5 cm was collected from each patient.
The wound tissues were fixed with 10% formaldehyde for
immunohistochemical assay. The observation period ended
12 days after injection.
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Blood glucose measurement. Following debridement, the
fasting fingertip blood glucose levels of the two groups were
measured using the OneTouch blood glucose meter (Johnson
& Johnson). At 0.5, 1.0,2.0 and 4.0 h after injection each day,
the fasting fingertip blood glucose levels of the two groups
were also determined, and the measurements and injections
were conducted for 7 days.

Granulation tissue assessment. The degree of granulation
tissue growth was evaluated according to a method described
in a previous study (15). Briefly, prior to treatment, the orig-
inal ulcer wound areas of the two groups were recorded using
transparent tracing paper. The wound size was traced with the
same method following treatment. The growth of the granu-
lation tissue was calculated using Photoshop CS 8.0 software
(Adobe Systems, Inc., San Jose, CA, USA). The formula used
was as follows: Granulation tissue growth = (Original wound
area - wound area without granulation coverage)/original
wound area x 100%.

Immunohistochemical staining. All specimens were fixed
with 10% paraformaldehyde for 48 h and embedded in
paraffin. Paraffin-embedded tissue was sliced continuously
into 4-ym sections and stained with hematoxylin and eosin.
To achieve this, slides were deparaffinized and rehydrated.
Endogenous peroxidase was blocked with 3% hydrogen
peroxide in methanol for 10 min at 37°C. Subsequently,
the sections were washed with distilled water, and antigen
retrieval was performed by boiling with antigen retrieval
solution (GeneTex, Inc., Irvine, CA, USA for 1-4 min.
Nonspecific binding was blocked by incubating the
slides with goat serum for 30 min at 37°C. Primary rabbit
anti-CD34 antibody (1:500; cat. no. D&M-2038R: Beijing
Bioss Biological Technology Co., Ltd., Beijing, China)
was added for incubation overnight at 4°C. The sections
were then washed with Tris-buffered saline containing
0.1% Tween and incubated with biotin-labeled secondary
antibodies for 30 min at room temperature, and horseradish
peroxidase-labeled streptavidin was added for incubation
for 30 min at 37°C. Immunoreactivity was visualized using
the chromogen 3,3'-diaminobenzidine and terminated with
distilled water. The sections were then counterstained with
hematoxylin, differentiated with hydrochloric acid ethanol,
dehydrated with gradient alcohol and xylene and mounted
onto coverslips. In the negative control, phosphate buffer was
used instead of the primary antibody. Samples were observed
under a light microscope. Cells with brown staining in the
cytoplasm, the nucleus or both were considered to be posi-
tive. The Axioskop 2 Plus microscopy and image analysis
system (Carl Zeiss Microscopy GmbH, Jena, Germany) was
used for the analysis of CD34 expression, and the method
of Pareek et al (14) was used for MVD calculation. Briefly,
at each time-point, 3 sections per groups were taken and
observed under the microscope. Cells with brown granules
were considered to be positive for CD34. Brown-stained
single endothelial cells or cell clusters were considered as a
vessel count. The 3 regions with highest MVD at low magni-
fication (x40) and 5 regions with the highest MVD at high
magnification (x200) were taken and the average number was
used as the MVD value.
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Table I. Changes in the fingertip blood glucose level in the two groups prior to and following insulin injection.
Blood glucose after insulin injection (mmol/1)
Blood glucose before
Group insulin injection (mmol/l) 05h 10h 20h 40h
Insulin, n=18 11.38+0.96* 11.06+0.65° 9.76+0.57¢ 6.65+0.18¢ 11.51+0.26¢
Control, n=14 12.06+0.61 9.34+0.19 9.28+0.27 6.66+0.30 11.49+0.32

Data are presented as the mean + standard deviation. Compared with the control group: “P=0.140 and t=1.834; "P>0.999 and t=0.000; “P=0.092

and t=2.209; ‘P=0.971 and t=0.038; °P=0.938 and °t=0.082.

Table II. Comparison of the growth of granulation tissue in the two groups.

Group 0 days (%) 5 days (%) 7 days (%) 12 days (%)
Insulin, n=18 7.45+0.18* 13.38+0.36° 24 87+0.24¢ 59.06+1.58¢
Control, n=14 8.20+0.28 12.98+0.45 18.66+0.45 23.61%1.57

Data are presented as the mean + standard deviation. Compared with the control group: *P=0.259 and t=1.274; *P=0.163 and t=1.634; °P<0.001

and t=24.246; ‘P<0.001 and t=17.420.

Table III. Comparison of microvessel density in the two groups at different time-points (number/HP).

Group 0 days 5 days 7 days 12 days
Insulin, n=18 0 3.45+0.19* 8.34+0.48" 11.22+0.97¢
Control, n=14 0 343+0.14 4.42+0.14 544+1.13

Data are presented as the mean + standard deviation. Compared with the control group: *P=0.815 and t=0.247; "P<0.001 and t=16.568;

°P<0.001 and t=27.664. HP, high power field.

Statistical analysis. The statistical analyses were performed
using SPSS version 10.0 (SPSS Inc., Chicago, IL, USA) for
Windows. The t-test was conducted to calculate the statistical
significance between the groups. P<0.01 was considered to
indicate a statistically significant difference.

Results

Changes in fingertip blood glucose levels in the groups at
different time-points after insulin injection. To determine
the effect of local insulin injection on the systemic blood,
fingertip blood glucose detection was performed. As shown
in Table I, the fasting blood glucose levels in the two groups
were maintained at 6.7-12.1 mmol/l (mean 9.95+2.21 mmol/l)
before and after insulin injection. No significant difference in
blood glucose level was found between the two groups before
the injection or at 0.5, 1.0, 2.0 and 4.0 h after injection. Local
insulin injection in the wound had a marked effect on the
systemic blood glucose levels: The blood glucose showed
a notable decrease 1-2 h after the injection of insulin and
then gradually returned to the pre-injection level at 4 h after
injection (Table I). This indicated that local wound insulin
injection had a marked effect on systemic blood glucose and
could achieve the purpose of lowering blood glucose.

The growth of granulation tissue. To assess the situation of
wound angiogenesis, granulation tissue growth was exam-
ined. As shown in Table II, growth of granulation tissue in
the insulin group was more marked on day 7 after injection
(24.87+0.24). Patients with this type of granulation tissue
were ready to undergo surgical treatment. Compared with the
control group at this time-point (18.6+0.45), the growth in
the insulin group was significantly different (P<0.01) (Figs. 1
and 2). This result indicated that the wound bed preparation
time of the treatment group was shorter than that of the
control group, and the wound healing of the treatment group
was enhanced.

CD34 detection and MVD counting. To assess the curative
effects of local insulin injection on diabetic foot, the expres-
sion of CD34 following insulin injection in the two groups
was detected by immunohistochemistry, and the results are
shown in Fig. 3. New vessels were observed in the insulin
group at 5 days after insulin injection. The MVD was calcu-
lated as previously described. No significant difference in
MVD was initially found between the two groups (P>0.05)
(Table III). In the insulin group, the MVD increased rapidly
from 5 days after injection, and a significant difference was
found between the two groups (P<0.01). This result indicated
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Figure 1. Observation of the diabetic foot of a patient in the insulin treatment group. The patient was male, aged 65 years and had a 28-year history of diabetes.
The wound in his left foot did not heal for 3 weeks. (A) The wound, which was level with the 4th and 5th toes of the left foot, following the debridement of
necrotic tissue. (B) After 5 days of local insulin injection, the necrotic tissue became partially desquamated and granulation tissue began to grow. (C) After
7 days of local insulin injection, the necrotic tissue became mostly desquamated and the granulation tissue grew well. (D) After 12 days of local insulin injec-
tion, the joint cavity closed completely. The granulation tissue grew well and the wound bed was perfectly suited for surgery.

Figure 2. Observation of the diabetic foot of a patient in the control group. This patient was male, aged 68 years and had a 30-year history of diabetes. The
wound in his left foot did not heal for 3 weeks. (A) The wound in the left heel following the debridement of the necrotic tissue. (B-D) Appearance of the wound

after (B) 5 days, (C) 7 days and (D) 12 days of local injection of normal saline.

that the local injection of insulin in diabetic foot ulcers could
promote the growth of granulation tissue.

Discussion

Insulin has numerous functions, such as protection of the
vascular endothelium, vascular dilation, myocardial protec-
tion and anti-platelet aggregation and anti-atherosclerosis
effects (16,17). The local use of insulin (local wet dressing

or injection) is reported to be effective in the treatment of
refractory diabetic wounds (5); however, the results have been
obtained in animal experiments and the insulin doses used
lack a theoretical basis (18). Thus, the safety of the local use
of insulin in humans is not clear. Obstructive factors, such as
the poor permeability of insulin, wound surface exudation
and tissue necrosis, make it difficult for insulin wet packing
to achieve the desired effect. Local injection of insulin in the
local wound is more effective due to its maintenance of a high
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Figure 3. CD34 expression analysis by immunohistochemical staining. Results for the immunohistochemistry staining of CD34 at 0, 5,7 and 12 days after local
insulin injection are shown (magnification, x100). (A) Insulin group. (B) Control group.

concentration and its long duration of efficacy. In the present
study, the blood glucose level decreased significantly 1-2 h
after the injection of one-half the calculated dose of insulin.
Two patients showed symptoms of hypoglycemia, including
palpitations, dizziness, pale appearance and cold sweats. The
result demonstrated that the local injection of insulin into the
wound could reduce the body blood glucose, similar to other
clinical treatments, and the injection had a marked effect on
the systemic blood glucose. This result also suggested that
local use of insulin should be individualized, in case of the
onset of systemic hypoglycemia.

The occurrence of diabetic foot is a consequence of
multiple factors, such as high glucose levels, vascular disease,
neuropathy and infections (19). Currently, the establishment of
an animal model of diabetic foot is not completely successful.
Diabetic angiopathy is a manifestation of diabetic foot, and
the artery system is the most commonly affected organ (20).
The manifestations in the affected artery system show as
plaque, intimal thickening, stenosis and occlusion. The vein
and lymphatic systems are often normal or with minor disease
signs, without obvious obstacles in local limb blood flow. As a
result, the insulin that is locally injected into the ulcer wound
can be absorbed into the blood circulation perfectly, as if it
were injected into other parts of the body. Insulin plays the role
of lowering blood glucose, which may underlie the effect of the
local injection of insulin on systemic blood glucose (21,22).

The results of the present study showed that at 5 days after
local insulin injection, the expression of CD34 and the MVD
in the insulin group began to increase; however, compared with
the control group, there was no significant difference in MVD
(P>0.05). Furthermore, no significant difference was found in
the granulation tissue growth between the two groups. Growth
of granulation tissue in the insulin group was more marked
on day 7 after injection (24.87+0.24). The necrotic tissue had
been shed, and partially exposed bone and tendon had become
gradually covered by granulation tissue. These represented
essential processes for wound bed preparation. The MVD of
the insulin group showed a rapid increase at day 7 (8.34+0.48),
which showed the consistency of the histology and gross
observation results.

The biological effects of local insulin injection have been
suggested to be associated with several molecular mecha-
nisms. First, insulin reduces the local wound blood glucose
concentration, thus reducing the damage resulting from the
accumulation of high levels of glucose metabolic intermedi-
ates (21). Secondly, insulin is the inhibitor of three major
proinflammatory transcription factors: Nuclear factor-«B,
activator protein-1 and early growth response-1 (EGR-1). The
expression of regulating monocyte chemotactic protein 1,
intercellular adhesion molecule-1, matrix metalloproteinase
(MMP)-2, MMP-9, tissue factor and plasminogen activator
inhibitor-1, which are regulated by these three transcription
factors, is also inhibited by insulin (23,24). These proteins are
important components of NADPH oxidase, which produces
superoxide radicals with potent oxidative effects (23-26),
leading to the damage of the tissue cells. In addition, insulin
inhibits the transcription of three key proinflammatory
factors induced by hyperglycemia, thus inhibiting the inflam-
matory response and local oxidative stress (25,27). A third
potential mechanism is that, by reducing the inflammatory
cell factor level and increasing the inflammatory cytokine
level following trauma, insulin relieves the inflammatory
response and prevents an excessive inflammatory reac-
tion (3). Furthermore, insulin inhibits the degradation of
immune cell proteins, thus enhancing immune activity (3).
Another mechanism has been suggested to involve the
insulin-induced entry of extracellular amino acids and
K* into the cells, which increases protein synthesis (28),
greatly reduces the bacterial survival environment, enhances
the ability of local inflammation and thus promotes local
wound healing. Insulin additionally increases the synthesis
and release of nitric oxide (NO). Endothelial NO plays an
important role in neovascularization. Neovascularization is
promoted by vascular endothelial growth factors (VEGFs),
while VEGF promotes angiogenesis (29). Finally, insulin can
activate myofibroblasts, advance the cell cycle and promote
collagen deposition, thus accelerating the wound healing
process.

In the present study, it was found that local wound insulin
injection could reduce the blood glucose level, suggesting a
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significant effect on systemic blood glucose by local injec-
tion. These results provided the theoretical basis for treatment
of diabetic foot via local insulin injection; however, the
association between the dosages of insulin and the growth of
granulation tissue, together with the exact mechanism of this
action, remains to be investigated further.
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