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Abstract. The clinical effects of local application of low-dose
insulin in improving wound healing after deep burn self-skin
transplantation surgery were examined. Fifty-eight patients with
deep burns were selected and randomly divided into 3 groups.
In the blank control group, normal saline was injected to the
subcutaneous tissue of wounds; in large dose insulin group,
1.0 u long-term suspended zinc insulin was locally injected;
and in the low-dose insulin group, 0.1 y long-term suspended
zinc insulin was locally injected. The healing effects were
compared. After 7 and 14 days of treatments, wound surface
area in the low-dose group was significantly smaller than in
the other groups, and differences were statistically signifi-
cant (P<0.05); wound healing duration and infection rate for
patients in the low-dose group were significantly lower, class
A healing rate was significantly improved, and the differences
were statistically significant (P<0.05). Insulin resistance index
(HOMA-IR) in the low-dose group was significantly lower,
insulin secretion index (HOMA-f) and the insulin sensitivity
index (HOMA-ISI) significantly increased. The expression
levels of vascular endothelial growth factor and tumor necrosis
factor-a in local tissue for the low-dose group were signifi-
cantly higher than those in the other two groups. Differences
were statistically significant (P<0.05). In conclusion, local
application of low-dose insulin can effectively improve wound
healing after deep burn surgeries.

Introduction

Deep burn usually cause stress hyperglycemia, which can
influence the healing process, delay the healing process and
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negatively affect the quality of the wounds (1). Prior studies
showed that severe burning secondary insulin resistance is
an independent risk factor (2). Advanced glycosylation of end
products play a biological role through the combination with
transmembrane receptor (3).

It has been shown that local application of insulin could
stimulate the protein biosynthesis, correct negative nitrogen
balance, and improves tissue regeneration in the wound
region (4). Possible reasons for these events include epidermal
thickness, increase in the number of nails of feet, the fibro-
blast activation, being in S phase of cell cycle, increase in the
number of cells in G2/M phase, and the increase in the level of
growth factors such as epidermal growth factor and vascular
endothelial growth factor (VEGF) (5). Although local applica-
tion of insulin can improve the healing rate and shorten healing
duration (6), there is no consensus on the application dose of
insulin. Application of large doses of insulin may negatively
affect the immune system and increase the infection rate (7).
Therefore, the suitable dose of insulin to be locally applied
after deep burn surgeries is worth evaluating.

Patients and methods

Patients and study criteria. Between February 2013 and
February 2014, 58 patients, all diagnosed with deep burns in
the General Hospital of Chinese People's Armed Police Forces
(Shanghai, China), were enrolled in this study. The following
inclusion criteria were used: i) all patients were =18 years
but <75 years; ii) patients were conscious and were treated
for the first time; and iii) informed consent was obtained.
The following exclusion criteria were used: i) patients with
serious infection, shock, unmanageable intense pain, inhala-
tion pulmonary injury, coagulation disorders, severe organ
dysfunctions such as heart, liver and kidney; ii) patients
with skin transplantation failure, and serious diseases; and
iii) pregnant patients and patients with an estimated lifespan
of <12 months were excluded from this study.

This study was approved by the Ethics Committee of the
General Hospital of Chinese People's Armed Police Forces.
Using the random number method, patients were divided into
three groups: i) blank control group (16 patients), ii) large-dose
insulin group (19 patients), and iii) low-dose insulin group
(23 patients). In the control group, there were 11 males and
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5 females; with ages ranging from 37 to 63 years with the
average age of 49.8+12.5 years; the duration from burning to
hospitalization ranged from 30 min to 3 h with the average
duration of 1.2+0.3 h. Twelve patients had deep second degree
burns while 4 patients suffered from third degree burns;
burned surface area ranged from 25 to 83% of total body
surface area (TBSA) with the average of 66.9+15.7%. In the
large dose group, there were 13 males and 6 females aged
from 35 to 65 years with the average of 48.7+13.6 years; the
duration from burning to hospitalization ranged from 45 min
to 2.6 h with the average duration of 1.4+0.5 h; 14 patients
had deep second degree burns and 5 had deep third degree
burns; burning surface area made up 26 to 85% of TBSA with
the average of 65.7+14.3%. In the low-dose group, there were
17 males and 6 females; aged from 36 to 68 years with the
average age of 50.3+14.6 years. The duration from burning to
hospitalization ranges from 35 min to 3.5 h with the average
duration of 1.7+0.6 h; 16 patients had deep second degree burns
while 7 patients had deep third degree burns. Burning surface
area was 28 to 89% of TBSA with the average of 69.8+14.7%.
The gender, age, duration of hospitalization, burned degree
and TBSA were compared, and the differences demonstrated
no statistical significance (P>0.05).

Therapeutic method. According to therapeutic principles
of burning, all patients were given treatments such as fluid
infusion, infection control, nutrition enhancement, wound
debridement and self-skin transplantation, while at the same
time, normal saline was injected to the subcutaneous tissue in
burned areas in the control group; 1.0 y long-term suspended
zinc insulin was locally injected in the large dose group; and
0.1 p long-term suspended zinc insulin was locally injected
in the low-dose group. Long-term suspended zinc insulin
(batch no. 2314054; Beijing Biochemistry Pharmaceutical
Co., Beijing, China) was diluted in 2 ml isotonic saline, and
was injected under the wound. Debridement, disinfection and
the observation of wound healing conditions were carried out
regularly.

Observation indexes. Wound surface area, wound healing
duration, infection rate and class A healing rate of patients in
all 3 groups were compared after 7 and 14 days of treatment.
HOMA-IR, HOMA-§ and HOMA-ISI as well as the expres-
sion levels of VEGF and local tissue tumor necrosis factor-a
(TNF-o) (in tissues at the junction of healing and unhealing
wounds) were compared after 7 and 14 days treatment using
ELISA (Beijing North Institute of Biological Technology,
Beijing, China).

Two samples of peripheral venous blood were collected at
limosis condition, one 2 ml sample and the second 6 ml. The
2 ml blood sample was used for fasting blood glucose (FBG)
examination. AU5400 biochemical detector was used and
glucose oxidase method was adopted. The 6 ml blood sample
was kept for 1 h, after 20 min centrifugation at 2,000 x g, upper
portion of the serum was separated and placed at -60°C for the
examination of fasting insulin (FINS), C-peptide and glucagon
(GL). Radioimmunoassay reagents were provided by Beijing
North Institute of Biological Reagents, radioimmunoassay
measuring instrument GC1200 was provided by Anhui USTC
ZonKia Scientific Instruments Co., Ltd. (Anhui, China), and the
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radioimmunoassay measuring process was conducted by two
nuclear medicine professionals. HOM A method was employed
for the calculation: HOMA-IR = FBG (mmol/l) x FINS (pU/
ml)/22.5, HOMA-f = 20 x FINS (#U/ml)/[FBG (mmol/1)-3.5],
ISI = log [100/FBG (mmol/l) x FINS (zU/ml)].

Statistical method. SPSS 20.0 statistical software (Chicago,
IL, USA) was used for data processing. Measurement data
are expressed as mean + standard deviation (SD), variance
analysis was used for comparison among groups. Enumeration
data were expressed as a percentage (%), and the y* test was
used for comparison among groups. P<0.05 was considered
statistically significant.

Results

Comparison of wound-healing conditions. The patients'
wound surface area in the three groups was reduced after 7
and 14 days. Wounds in the low-dose group decreased most
significantly, and the differences were statistically significant
(P<0.05) (Table I).

Comparison of insulin resistance indexes. HOMA-IR in the
low-dose group was significantly lower after 7 and 14 days of
treatment, while HOMA-f and HOMA-ISI in the low-dose
group significantly increased after 7 and 14 days, and differ-
ences were statistically significant (P<0.05) (Table II).

Comparison of VEGF and TNF-a levels. The expression levels
of VEGF and TNF-a in local tissues in low-dose group were
significantly higher than those in the other two groups after 7
and 14 days of treatment, and differences were statistically
significant (P<0.05) (Table I1I).

Discussion

Wound healing is a process through which epithelio-repro-
ductive tissue continuously form new skin tissue outwards.
This process involves a highly coordinated and mutual
regulating process of joint participation of multiple factors
such as inflammatory cells, repairing cells, extracellular
matrix and cytokines (8). Through the study on the impact of
local application of nerve growth factors-insulin composite gel
to deep second degree empyrosis wound healing of rats with
diabetes, it was verified that as an important endogenic and
ectogenic hormone, insulin played an important role in many
biological adjustment processes, such as protein synthesis,
glucose transport, haemodynamics, fatty acid metabolism and
the reduction of the occurrence of metabolic disorders after
burning incidences (9). The molecular mechanism of insulin
improving wound healing may involve implication of growth
factors secreted by multiple cells, such as VEGF, TNF-a and
IL-1 (10), which all played important roles in the process
of wound healing. VEGF is the most powerful mitogen of
vascular endothelial cells in the family of growth factors.
VEGF can specifically promote the division and proliferation
of vascular endothelial cells, and increase the permeability of
capillaries, which further induce the formation of new blood
vessels (11). Prior studies showed that the VEGF expression in
normal tissues was relatively weak, but its expression in wound
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Table I. Comparison of wound-healing conditions.
Wound surface area (% TBSA)
Healing duration Wound infection Class A healing

Groups 7 days 14 days (days) [cases (%)] [cases (%)]
Control (n=16) 523497 42.1£7.8 24.1£7.5 5(31.3) 7 (43.8)
Large dose (n=19) 53.7£9.3 43.4+8.1 25.3+7.7 3(15.8) 11 (57.9)
Low dose (n=23) 42.7+8.5 33.2+8.1 16.4+6.3 1(4.3) 19 (82.6)
F (%) 3.335 3.712 3.927 7.171 8.715
P-value 0.037 0.029 0.025 <0.001 <0.001
TBSA, total body surface area.
Table II. Comparison of insulin resistance indexes.
Groups 7 days HOMA-IR 14 days HOMA-IR 7 days HOMA-f 14 days HOMA-f 7 days ISI 14 days ISI
Control 5.39+0.47 4.84+0.52 104.35+43.56 115.63+46.35 1.62+0.17  1.74+£0.22
Large dose 5.84+0.42 4.85+0.56 173.51+50.39 191.26+48.52 1.75¢0.19  1.92+0.32
Low dose 2.34+0.06 2.08+0.07 295.75+73.62 345.62+82.41 2.62+035  2.92+046
F 4.127 4.236 4.625 4458 4957 4.867
P-value 0.023 0.021 0.017 0.014 0013 0.015
ISI, insulin sensitivity index.
Table III. Comparison of VEGF and TNF-a levels.
Groups 7 days VEGF (pg/ml) 14 days VEGF 7 days TNF-a (ng/l) 14 days TNF-a
Control 76.85+24.53 75.62+£25.74 46.92+25.74 43.92+21.32
Large dose 154.67+59.82 163.82+44.57 65.43+24.57 69.87+23.35
Low dose 264.52+62.34 298.61+58.56 124.57+43.62 165.94+38.37
F 5.327 5.129 5.947 5.658
P-value <0.001 <0.001 <0.001 <0.001

VEGEF, vascular endothelial growth factor; TNF-a., tumor necrosis factor-o..

healing was enhanced (12). During the process of chronic
wound healing, the enhanced amplitude of VEGF expression
is significantly smaller than that of normal wound. TNF-a is
a kind of small molecular protein secreted by macrophages,
which has a wide range of biological activities. It can adjust
cellular functions, immunity and inflammatory reaction
processes and has antitumor property (13). TNF-a at normal
levels can resist bacterial and viral infections and improve
tissue repairs. It has been suggested that TNF-a can express
type 1 histocompatibility antigen through the process of
mitosis acted on fibroblasts, promote the growth of granulation
tissue, and therefore promote wound healing. TNF-a can
also activate T lymphocyte, stimulate the differentiation of
fibroblasts and the production of collagenous fibers to promote
wound healing (14).

In the present study, we concluded that after 7 or 14 days
of treatment, wound surface area in the low-dose group was

significantly smaller compared to those in other groups.
Wound healing duration and infection rate in the low-dose
group were significantly lower and class A healing rate
was significantly improved. This means the effects of low-
dose insulin in improving wound healing may be better
than that of large doses. HOMA-IR in the low-dose group
was significantly lower, while HOMA-3 and HOMA-ISI in
the low-dose group were significantly higher. All differ-
ences were statistically significant. This showed that
low-dose insulin was more effective than the large dose in
improving insulin resistance, promoting insulin secretion
and increasing insulin sensitivity. The expression levels of
VEGF and TNF-a of local tissues in the low-dose group
were significantly higher than those in other two groups.
This confirms that low dose of insulin was more effective
than large dose in increasing cell factors involved in the
wound-healing process.
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A possible shortcoming for the present study was the
relatively small sample group and relatively short observation
time. Additionally, the division of insulin dose could be more
detailed, no relevant analyses were carried out between wound
healing and insulin dose, insulin indexes and cellular factors.
It is desirable that more rigorous basic animal model experi-
ments and larger scale clinical randomized controlled trials
and studies to be carried out, which can provide new ideas for
deep burn treatments.
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