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Abstract. Transplanted free skin flaps are often needed to 
treat deep burns; their survival, however, is less than optimal. 
This study examined whether local low‑dose insulin injec-
tions can promote flap survival and wound healing after 
surgery. A total of 165 patients who underwent free skin flap 
transplantation for simple deep burns were enrolled in the 
study and divided into 5 groups of 33 patients each: Blank 
control group (no local subcutaneous drug injections), saline 
control group (saline injections), low‑dose insulin group 
(0.5 units regular insulin injections), medium‑dose group 
(1.0 units regular insulin injections) and high‑dose group 
(2.0 units regular insulin injections). Wound healing and 
flap survival conditions were assessed and compared among 
groups. The best wound healing rate found was that of the 
low‑dose insulin injection group where all the parameters 
measured improved significantly: The healing time was 
shorter; the blood flow volume, the flap survival, the number 
of fibroblasts and new vessels increased; the re‑epitheliali-
zation occurred faster; the infiltration of inflammatory cells 
was reduced; the expression levels of heat shock protein‑90, 
vascular endothelial growth factor, transforming growth 
factor‑β and interleukin‑1 were higher; and the plasma 
glucose levels only fluctuated slightly. The results clearly 
demonstrate that a local low‑dose insulin regime after flap 
transplantation can accelerate the healing time and improve 
the surgical outcome without exerting detrimental secondary 
effects on the glucose plasma level of deep burn patients.

Introduction

Deep burns cause severe damage and tissue regeneration and 
wound healing is difficult (1). The survival of a transplanted 

free skin flap is closely related to local micro‑vessel density, 
hemoperfusion and nearby cell migration (2). The stress reac-
tion after a deep burn causes generalized resistance to insulin 
and a negative nitrogen balance (3). A local injection of insulin 
has been shown to be safe and effective in promoting wound 
healing while exerting little influence on the plasma glucose 
levels in a diabetic rat model (4). However, as studies in humans 
have not been conducted, there are many questions that remain 
unanswered and it is not even clear that a local application of 
low‑dose insulin is beneficial for wound healing.

The aim of the present study was to examine the effects 
of local low‑dose insulin treatment after operation for deep 
burns, providing valuable information and a reference for 
clinical use.

Subjects and methods

Subjects information. A total of 165 patients with deep burns 
were enrolled in the study in The Second Affiliated Hospital 
of Kunming Medical University (Yunnan, China) from 
January, 2013 to January, 2016. Exclusion criteria for the study 
were the presence of co‑existing diseases including acute 
lung injury, severe infections, malnutrition, diabetes, scarring 
tissues, other severe underlying diseases and failed free flap 
transplantation. After obtaining the approval of the ethics 
committee of The Second Affiliated Hospital of Kunming 
Medical University and informed consent of patients or their 
relatives, the cases were divided into 5 equal size groups, by 
random assignment: A blank control group, a saline control 
group, a low‑dose insulin group, median dose insulin group 
and a high dose insulin group. The baseline data in each group 
were compared to the data to the other groups and differences 
were considered statistically significant (P<0.05; Table I).

Treatment method. All the patients had similar free skin flap 
transplantation operations performed by one nursing team, 
and prophylaxis for infections and strengthening of nourish-
ments according to the standard medical procedures for burns 
were followed. The individuals in the blank control group 
had no local subcutaneous drug injections. The saline control 
group patients were subcutaneously injected with 2 ml of 
saline once daily for 14 days. The individuals in the insulin 
groups received local insulin injections at a total volume of 
2 ml once a day for 14 days: The low insulin group received 
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0.5 units regular insulin injections, the median dose group had 
1.0 units regular insulin injections and the high dose group had 
2.0 units regular insulin injections.

Observation indexes. Wound healing and flap survival condi-
tions were assessed with a variety of methods and compared 
amongst groups.

The healing rate of wounds was determined by using a 
transparent film to manually trace the wound outline and then 
its area calculated with the imageJ software using the formula: 
Healing rate = area of wound healed/total area x 100%.

The flap survival in each case was studied taking digital 
images of the flap with a camera (Canon, Inc., Tokyo, Japan), 
and then calculating the survival rate using the image analysis 
software image‑Pro Plus.v  6.0 (Microsoft Corporation, 
Redmond, WA, USA). The survival rate was calculated as: 
survival areas/design area x 100%.

The wound blood flow volumes were measured by laser 
doppler flowmetry according to a previous study (5).

Skin flap biopsies of each healed‑unhealed interface tissue 
(0.5 x 0.5 x 0.5 mm) were processed for hematoxylin and eosin 
staining and histological observation by conventional fixation, 
embedding and sectioning.

CD31 immunohistochemical detection in biopsies was 
used to measure microvessel quantity. Brief ly, sample 
tissues were incubated overnight at 4˚C, with rabbit poly-
clonal anti‑CD31 antibody (Abcam, Cambridge, MA, USA; 
catalog no.: ab28364; dilution: 1:50). After washing 3 times 
with phosphate‑buffered saline, the samples were incubated 
for 1 h goat anti-rabbit monoclonal tetramethylrhodamine 
isothiocyanate‑labelled secondary antibody (Abcam; 
catalog no.:  ab6718; dilution: 1:2000). Cell nuclei were 
dyed using DAPI. A laser scanning confocal microscope 
(Lucid Inc., Rochester, NY, USA) was used to observe the 
samples and estimate the blood vessel density by counting 
the number of vessels in five sections and working out an 
average number.

The expression levels of heat shock protein (HSP)‑90, 
vascular endothelial growth factor (VEGF), transforming 
growth factor (TGF)‑β and interleukin (IL)‑1 were evaluated 
using an ELISA kit strictly adhering to the manufacturer's 
instructions (R&D Systems, Inc., Minneapolis, MN, USA).

Conventional biochemical methods were used to detect the 
levels of glucose in plasma.

Statistical analysis. SPSS  19.0 (SPSS, Inc., Chicago, IL, 
USA) was used for statistical analysis. Numerical data were 
expressed as mean ±  standard deviation. For comparison 
between groups, single-factor ANOVA analysis was selected, 
while pairwise comparisons were made by the least signifi-
cant difference test. Categorical data were analyzed with 
the Chi‑square test and expressed as number of cases and 
percentage. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Comparisons of wound healing and flap survival conditions. 
The wound healing time of the low‑dose insulin group was 
significantly shorter while the high-dose insulin group took the 
longest time to heal, and differences were statistically signifi-
cant (P<0.05). The healing rate at 14 days post‑intervention 
was higher than that after 7 days for all groups, however, the 
healing rate for the high dose insulin group was the lowest 
of them all, indicating that a high dose of insulin actually 
impaired normal healing (Table II).

The total flap survival rate in the low‑dose insulin group 
was the highest while the high-dose insulin group had the 
lowest survival rate of all the groups, and differences were 
statistically significant (P<0.05). There were no significant 
differences between the survival rates for the blank control, 
saline control, and high-dose insulin groups. The survival rate 
for the low‑dose and medium‑dose insulin groups was higher 
at 14 days than at 7 days.

Comparison of wound blood flow volume. The blood flow 
volume in the low‑dose insulin group was the best of them 
all after 14 days, while that of the high-dose insulin level was 
the worst. The flows were superior after 14 days than after 
7 days for all the groups, and the differences were statistically 
significant (Fig. 1).

Histological observation of wound healing. After 7 days of 
treatment the low‑dose insulin group cases had a reduced 
number of inflammatory cells in the wound, the fibro-
blast counts had increased, the capillary components had 
increased, and partial regenerated epithelial tissue was 
observed. By contrast, the high-dose insulin group had the 
highest number of inflammatory cells present in the wound 

Table I. Comparison of inter‑group baseline data.

		  Male/		  Course			   Extent of				  
Group	 Case	 female	 Age	 of disease, h	 Deep II˚	 III˚	 burn (% TBSA)	 Limbs	 Chest	 Abdomen	 Back

Blank control	 33	 19/14	 52.4±10.3	 1.2±0.4	 17	 16	 35.6±7.8	 16	 3	 4	 10
Saline control	 33	 20/13	 51.3±11.4	 1.3±0.5	 18	 15	 36.4±7.2	 18	 2	 2	 11
Low dose	 33	 21/12	 53.2±12.2	 1.4±0.7	 19	 14	 35.8±7.5	 17	 3	 3	 10
Median dose	 33	 20/13	 54.5±13.5	 1.1±0.6	 16	 17	 36.3±7.6	 15	 4	 2	 12
High dose	 33	 21/12	 52.7±12.6	 1.3±0.5	 18	 15	 35.9±7.7	 16	 5	 3	   9
F (χ2)		  0.357	 0.625	 0.514	 0.633		  0.249			   3.335
P‑value		  0.986	 0.349	 0.636	 0.959		  0.302			   0.993
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and the least counts of fibroblasts. Furthermore, after 14 days, 
the low‑dose insulin group showed a regenerated epidermal 
structure, rete pegs were clearly visible at the epidermal 
and dermal attachment sites, new vessels increased, and 
fibroblast cells were arranged in neat rows. By contrast, the 
high-dose insulin group had fewer regenerated epidermal 
structures that were too fragile to cover all the epidermal 

layers, albeit with abundant inflammatory cell  infiltration 
(Fig. 2).

Comparison of expression levels of HSP‑90, VEGF, TGF‑β 
and IL‑1. Expression levels of HSP‑90, VEGF, TGF‑β and 
IL‑1 at 7 days were higher than those at 14 days for all groups, 
however, they were highest in the low‑dose insulin group. The 

Table II. Comparison between wound healing and flap survival conditions.

	 Wound healing	 7 days healing	 14 days healing	 Total flap	 7 days	 14 days 
Group	 time, days	  rate, %	  rate, %	 survival rate, %	 survival rate, %	 survival rate, %

Blank control	 27.5±4.2	 47.2±10.3	 53.9±11.2	 70.5±6.9	 61.5±7.2	 68.5±7.4
Saline control	 26.6±4.5	 48.8±11.2	 55.7±11.6	 72.3±6.8	 63.2±7.3	 69.7±7.5
Low dose	 18.2±3.3	 72.8±8.6	 86.5±10.4	 92.5±5.4	 83.4±6.3	 90.6±6.6
Medium dose	 22.4±5.2	 56.9±12.3	 70.3±12.6	 78.8±6.6	 72.1±7.8	 76.5±7.3
High dose	 31.3±5.6	 33.4±14.2	 48.4±15.5	 67.9±6.3	 64.4±7.1	 65.3±7.2
F	   8.245	   9.654	 10.772	   7.648	   8.524	   8.639
P‑value	 <0.001	 <0.001	 <0.001	 <0.001	 <0.001	 <0.001

Figure 1. Flowmetry of representative biopsy tissues from different groups at 7 and 14 days.

Figure 2. Microscopic (magnification, x100) images of representative biopsy tissues from each group at 7 and 14 days.
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differences in the blank control group, saline control group 
and high-dose group were not obvious (Table III).

Comparison of microvessel quantity. The microvessel quanti-
ties of the low‑dose insulin group were the highest of them 
all at 14 days, while the quantities in the high-dose insulin 
group were the lowest. The differences found were statistically 
significant (P<0.05, Fig. 3).

Comparison of blood sugar level. The plasma glucose levels in 
patients gradually declined, and comparative differences over 
time were statistically significant (P<0.05; Table IV).

Discussion

It is possible that the local insulin injections promote 
wound healing by stimulating the expression of VEGF, 
which in turn increases the number of blood capillaries. 
Additionally, glucose and amino acid entry into cells and 
the acceleration of protein synthesis, with increased fat 
synthesis and steatolysis inhibition promote wound granu-
lation  (6). Furthermore, the increase in the expression of 
epidermal growth factor and basic fibroblast growth factor in 

wound tissues promotes fibroblast proliferation, increasing 
the hydroxyproline content in wound tissue, advancing the 
epidermal cell proliferation cycle and increasing synthesis 
of collagen fibers in the wounded tissue (7). The initial stage 
of repair and the proliferation of apoptosis after deep burns 
has the following adverse effects: Growth factor expres-
sion is weakened, granulation of the wounded tissues is not 
normal and consequently the survival rate of free flaps is not 

Table III. Expression levels of HSP‑90, VEGF, TGF‑β and IL‑1.

	 HSP‑90, ng/ml	 VEGF, µg/ml	 TGF‑β, pg/ml	 IL‑1, pg/ml
	 ----------------------------------------------------	 ---------------------------------------------------	 ------------------------------------------------------	 -------------------------------------------------------
Group	 7 days	 14 days	 7 days	 14 days	 7 days	 14 days	 7 days	 14 days

Blank control	 25.2±6.4	 16.8±6.5	 14.3±8.2	 12.9±8.4	 45.9±15.2	 24.8±11.2	 73.2±32.6	 39.7±14.2
Saline control	 26.3±6.9	 17.2±6.8	 15.2±7.6	 13.5±7.8	 44.8±14.7	 26.5±11.4	 75.7±36.7	 36.5±13.9
Low dose	 63.4±12.3	 42.5±12.6	 44.8±10.3	 36.5±10.5	 156.3±43.2	 85.7±36.5	 247.3±62.4	 112.3±48.5
Medium dose	 52.6±13.7	 33.7±13.9	 32.8±11.2	 27.6±11.3	 120.5±45.7	 64.5±32.4	 215.8±70.2	 86.4±36.5
High dose	 24.8±6.6	 15.5±6.3	 14.4±7.2	 12.7±7.3	 43.2±15.8	 23.9±10.3	 69.8±35.5	 37.2±12.5
F	 10.523	   8.659	   8.645	   9.203	 15.426	 13.258	 14.527	 13.625
P‑value	 <0.001	 <0.001	 <0.001	 <0.001	 <0.001	 <0.001	 <0.001	 <0.001

HSP-90, heat shock protein‑90; VEGF, vascular endothelial growth factor; TGF‑β, transforming growth factor‑β; IL‑1, interleukin-1.

Figure 3. Microvessel quantity by immunohistochemistry using CD31 antibodies. Microscopic (magnification, x40) view of representative biopsy tissues from 
each group at 7 and 14 days.

Table IV. Comparison of blood sugar level (mmol/l).

Group	 Before treatment	 7 days	 14 days

Blank control	 7.6±1.5	 7.1±1.3	 6.3±1.1
Saline control	 7.7±1.4	 6.9±1.6	 6.4±1.3
Low dose	 7.5±1.5	 7.0±1.4	 6.5±1.2
Medium dose	 7.5±1.3	 6.8±1.2	 6.3±0.9
High dose	 7.6±1.4	 6.5±1.1	 6.1±1.6
F	 0.625	 4.625	 4.967
P‑value	 0.754	 0.063	 0.052
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high due to the lack of a nurturing environment. Previous 
experiments conducted on animals have revealed that local 
application of low‑dose insulin can promote wound healing 
in a diabetic rat model with scalds (8). High glucose condi-
tions may lead to suppression of vascular endothelial cell 
proliferation, weakened cell contacts and increased apoptosis 
of the cells. At the same time, the decreased expression of 
VEGF delays the formation of new vessels, and the accu-
mulation of advanced glycosylation end products leads to 
an extended inflammatory response and restrained collagen 
synthesis. The resulting microcirculation disturbance results 
in problems, such as insufficiency of local blood supply and 
local neurotrophic disturbances.

Whether the insulin is injected via subcutaneous, infil-
tration or intravenous injection, its actions depend on its 
ability to regulate the blood sugar metabolism. Insulin is a 
polypeptide with a short half‑life in vivo. It may be decom-
posed by proteases in tissue when directly applied to wounds, 
and therefore reapplications are needed for treatment. The 
problem of how to continually release insulin in an effec-
tive manner to promote the growth of granulation tissue and 
wound healing is a known concern (9). Previous findings have 
shown that local infiltration injections increase the absorp-
tion efficiency of insulin while exerting little influence on 
blood sugar contents (10). The possibility that insulin  may 
promote wound healing following simple deep burn skin flap 
transplantation in humans and its possible mechanism were 
analyzed in this clinical case‑control study. Regular insulin 
was chosen because of its higher purity, easy absorbability, 
fast actions, and infimal probability of causing anaphylactic 
reactions (11). From the research findings it may be concluded 
that the wound healing rate of the low‑dose insulin group 
significantly improved, the wound healing time shortened, the 
flap survival rate increased and the wound blood flow volume 
increased. Re‑epithelization in the low‑dose insulin group was 
faster, the infiltration of inflammatory cells was reduced, and 
fibroblast and new blood vessel counts were increased. The 
high-dose insulin group had the lowest wound healing rate, 
longest wound healing time and lowest total survival rate of 
flap of all of the groups in the study. By contrast, the medium-
dose insulin group values were also better than the control 
group values. This suggests that the insulin effect on wound 
healing is related to its concentration. When the concentration 
is increased above a certain threshold, the effect is weakened, 
probably restraining normal wound healing speed. From this, 
it seems clear that a low‑dose insulin can promote the regen-
eration of wound tissue (12,13).

Expression levels of HSP‑90, VEGF, TGF‑β and IL‑1 
were highest after 7  days in the low‑dose insulin group, 
and the medium-dose insulin group took the second place. 
The comparative differences of the other 3 groups were not 
significant.

After all the biological cells including prokaryotic and 
eukaryotic cells were stimulated, the HSP‑90 is a protein 
released in response to factors such as increased tempera-
ture, pathogen invasion, ischemia, hypoxia and contact to 
physical‑chemical elements in different tissues, it is thought 
to protect cells from harmful stimuli. HSP‑90 can promote 
wound healing, decrease ischemia reperfusion injury in 
flaps and increase survival rate of transplanted flaps (14). 

VEGF is an important regulatory factor for new vessels 
and the strongest mitogen, in the growth factor family, that 
promotes endothelial cell proliferation. It also increases 
the permeability of capillaries, thus promoting the forma-
tion of new blood vessels (15). TGF‑β mainly comes from 
blood platelets, it can promote the chemotaxis, migration, 
proliferation, and differentiation of cells and the formation 
of granulation tissue by extracellular accretion and secretion, 
essential factors of wound healing (16,17). IL‑1 makes the 
generation of cells, neutrophils and lymphocytes possible by 
chemotaxis. It stimulates the fibroblasts to produce collagen 
and controls the formation of scarring tissue, playing a 
crucial role in wound healing. Local low‑dose insulin acts 
independently of blood sugar metabolism in promoting 
wound healing, and it plays an important regulatory role in 
the course of regeneration of cell factors, growth factors and 
inflammatory reactions of multiple epithelia. Accordingly, 
this study showed that while the microvessel quantity of 
low‑dose insulin group increased, the blood sugar levels did 
only slightly fluctuate.

In conclusion, the local application of low‑dose insulin 
can markedly promote wound healing and the survival of 
transplanted flaps after operation for deep burns, and this is 
probably associated with the stimulation of higher expression 
levels of HSP‑90, VEGF, TGF‑β and IL‑1, which neverthe-
less, exert little influence on systemic blood glucose. Our 
approach has clinical practical value, and should be tested 
using similar clinical control studies with a larger population 
of patients.
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