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Abstract: Objective: To investigate the efficacy of recombinant human basic fibroblast growth factor (rh-bFGF) com-
bined with local application of insulin (INS) in diabetic patients with deep Il degree burns, and to analyze the
changes in pain and healing. Methods: Seventy-eight diabetic patients with deep Il degree burns treated in our
hospital were divided into the observation group (n=39) for combination therapy of rh-bFGF and local INS, and the
control group (n=39) for rh-bFGF alone. The two groups were compared regarding treatment effect, wound healing
time, pain degree (Visual Analogue Scale, VAS), wound exudate rate, vascular endothelial growth factor (VEGF) and
hypoxia-inducible factor-1a (HIF-1a), as well as adverse reactions. Results: Compared with the control group, the
total clinical effective rate was evidently higher in the observation group (P<0.05). The wound healing time was
shorter and the VAS score was lower in the observation group as compared to the control group (both P<0.05).
The observation group showed significantly lower wound exudate rate and higher HIF-1a and VEGF protein levels in
wound tissue than the control group (all P<0.05). No adverse reactions such as abnormalities in blood routine and
hepatorenal function were observed in the two groups during treatment. Conclusions: rh-bFGF combined with local
application of INS is markedly effective in diabetic patients with deep Il degree burns. It can relieve pain and shorten
healing time, with low wound exudate rate and high safety profile.
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Introduction

Burn is an accidental injury, which mainly refers
to the tissue damage arisen from heat, includ-
ing hydrothermal solution (water, soup, oil, etc.),
high-temperature gas, hot metal liquid, flame,
steam or solid (molten steel, steel ingot, etc.).
Generally, the skin and/or mucosa can be dam-
aged when the burn is mild; but in severe cas-
es, subcutaneous or/and submucosal tissues,
such as muscles, joints and even internal or-
gans, may be injured [1]. In the United States,
approximately 0.8% of the total population suf-
fers from burns every year, and about 55,000
patients (2 million with burns) are hospitalized,
of which 5,000 died [2]. Burns are divided into
three degrees and four categories, namely first,

shallow second, deep second, and third degr-
ee burns, depending on how deep and severe
they penetrate the skin’s surface. Among them,
patients with deep second-degree burns pr-
esent thermal damage to the deep layer of the
dermis; the local manifestation is blisters, whi-
ch are relatively flat, with a fine reticular embo-
lized vascular network, and few residual epithe-
lial cells on the wound surface, so it was easy
to develop into a third degree wound [3]. This
is particularly true in patients complicated with
diabetes mellitus, as their blood sugar rises,
endocrine disorders, with microvascular and
peripheral neuropathy. As a result, their wound
repair ability is worse following burn, which can
easily cause infection, increasing the suffer-
ing of patients and seriously threaten human
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Table 1. Comparison of general baseline information between the two groups of patients (n, X + sd)

Indicators Observation group (n=39)  Control group (n=39) X2/t P
Age (year) 47.4+4.0 46.6+5.6 0.726 0.470
Gender (n) 0.053 0.817
Male 24 23
Female 15 16
BMI (kg/m?) 23.75+2.18 23.50+£3.08 0.414 0.680
Trauma area (cm?) 173.55+£7.12 174.53+8.80 0.541 0.590
Duration of diabetes mellitus (years) 5.15+2.18 5.30+3.08 0.248 0.805
Co-morbidities (n)
Hypertension (n) 15 13 0.222 0.637
Coronary heart disease (n) 11 9 0.269 0.604
Cause of burn injury (n) 0.286 0.908
Chemical burns (n) 20 22
Flame burns (n) 19 17
Diabetes treatment drugs (n)
Biguanides (n) 13 14 0.056 0.811
Sulfonylureas (n) 9 9 0.000 1.000
Thiazolidinediones (n) 8 9 0.075 0.783
Benzoic acid derivatives (n) 10 8 0.288 0.590
Insulin (n) 19 17 0.206 0.649

health [4]. Hence, the selection of effective
topical drugs to fight infection and promote
wound healing is the focus of clinical attention.
Widely used in the treatment of burn patients,
recombinant human basic fibroblast growth
factor (rh-bFGF) is shown to be able to promo-
te regeneration, repair and improved microcir-
culation, with favorable therapeutic effects [5].
It is also reported that local application of in-
sulin (INS) can improve wound outcomes of
patients [6]. Although there are reports about
the application of rh-bFGF combined with INS
in diabetic patients with deep Il degree burns,
no attention has been paid to the effect on
hypoxia-inducible factor-1a (HIF-1x) and vascu-
lar endothelial growth factor (VEGF) proteins in
wound tissue, as they can induce neovascular-
ization and promote wound repair [7]. There-
fore, this study mainly focuses on the clinical
efficacy of the combination therapy of rh-bFGF
and local application of INS in diabetic patients
with deep Il degree burns, and focuses on the
analysis of the role of the combined use in con-
trolling wound healing time, pain, wound exu-
date rate, HIF-1a and VEGF protein expression
as well as the incidence of adverse reactions,
in order to provide theoretical direction for clini-
cal treatment.
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Materials and methods
General data

In this prospective study, 78 diabetic patients
with deep Il degree burns treated in our hospi-
tal from December 6, 2018 to February 25,
2020 were randomized into observation group
and control group, each with 39 cases. Pa-
tient general information is presented in Table
1. The Medical Ethics Committee of our hospi-
tal approved the study protocol.

Inclusion criteria: (1) Patients who meet the
diagnostic criteria of type 2 diabetes and deep
Il degree burns [8, 9]; (2) Patients with hydro-
thermal or flame burns; (3) Patients older than
18 years old; (4) Patients with stable blood
glucose levels; (5) Patients whose burn area is
not more than 30% and not less than 1%; (6)
Patients with burns located in the extremities;
(7) Patients without other burns or internal
burns; (8) Patients without co-infection; (9)
Patients who understand the purpose of this
research with the signed informed consent
provided.

Exclusion criteria: (1) Patients engaging in
other studies; (2) Patients with severe heart,
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liver and kidney dysfunction; (3) Patients with
cognitive impairment; (4) Patients with severe
mental illness; (5) Patients with other diseas-
es that may affect healing, such as rheuma-
tism, vascular diseases, mobility inconvenien-
ce, bedsores, pressure sores or stroke.

Methods

All wounds were debrided and routinely disin-
fected before treatment with rh-bFGF and local
INS.

In the control group, rh-bFGF was sprayed on
the wound surface immediately upon admis-
sion, twice a day, 50 IU each time, with no
drug loss as the principle. The outer layer was
wrapped with sterile gauze (Manufacturer:
Beijing SL Pharmaceutical Co., Ltd., Approval
No. 20180910, Specification: 3500 IU x1 bot-
tle/box).

The observation group was given rh-bFGF and
INS (Manufacturer: Xuzhou Wanbang Jingiao
Pharmaceutical Co., Ltd., State Food and Drug
Administration Approval No. 20180907, Spe-
cification: 4 units of INS/piece). After rh-bFGF
spraying, the wound was covered with INS
soaked sterile gauze, twice a day, half a tube
each time, and the outer layer was wrapped
with sterile gauze. INS was discontinuing if
there were INS-related adverse reactions and/
or wound infection.

Patients with severe burn pain were injected
with 50 mg pethidine intramuscularly, while
those with craniocerebral trauma or dyspnea
were given painkillers instead. If the wound
was seriously contaminated and the burn area
was more than 5%, 3000 U of tetanus antivi-
ral serum was routinely injected. Patients who
may develop hypovolemic shock were treated
with fluid replacement.

The duration of treatment was 21 days. The
medication was discontinued when the patient
recovered early.

Outcome measures

Primary outcome measures: (1) The therapeu-
tic effects, classified as markedly effective
(the wound inflammation is well controlled with-
in 1 week after medication, and the bacterial
culture is negative), effective (the wound in-
flammation is well controlled after 1-2 weeks of
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medication, and the bacterial culture is nega-
tive), and ineffective (the wound inflammation
is not controlled after 2 weeks of medication,
or the bacterial culture was positive) accord-
ing to the evaluation standard of “Practical
Burn Plastic Surgery”, were compared between
the two cohorts of patients. Total effective rate
= (markedly effective + effective) cases/total
cases x100% [10]. (2) Pain assessment, per-
formed with the visual analogue scale (VAS)
with O being painless and 10 being severe
pain, was compared between the two cohorts
of patients before and 3 days after treatment
[11]. (3) After 21 days of observation, the wo-
und healing time of the two groups was com-
pared, with wound epithelium >95% as the
healing standard [12]. (4) The wound exuda-
tion rate (total incidence = wound exudation
cases/total cases x100%) was compared bet-
ween the two groups.

Secondary outcome measures: (1) HIF-1ax and
VEGF protein levels in wound tissue of patients
in two groups were compared. After 3 days of
treatment, a few granulation tissues were col-
lected from the unhealed edge of the wound
for the determination of HIF-1a (HIF-1a anti-
body was purchased from Wuhan Yipu Bio-
technology, Batch No. 20180211) and VEGF
(VEGF antibody was purchased from Amyjet
Scientific Co., Ltd., Batch No. 20180320) by
immunohistochemistry. Identification: HIF-1a
showed brown granules in nucleus and cyto-
plasm as positive cells, while VEGF showed
brown granules in cytoplasm as positive cells.
According to the staining intensity score, O was
colorless, 1 was light yellow, 2 was pale brown,
and 3 was brown. Based on the proportion of
positive cells, it was divided into: 0=0, 1=less
than 10%, 2=10%-50%, 3=51%-75%, and 4=
>75%. (-), (+), (++), and (+++) corresponded to a
total score of 0-1, 2, 3 and 4 point(s), respec-
tively. (2) The incidence of adverse reactions
such as blood routine and hepatorenal func-
tion abnormalities, infection and local wound
edge reaction was compared between the two
groups. Each complication is calculated inde-
pendently, even if more than one complication
occurs in one single patient. Total incidence =
cases of complications/total cases x100%.

Statistical processing

SPSS 20.0 was employed for data statistics.
Counting data were presented in n (%) and ana-
lyzed by x2. Measurement data following nor-
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Table 2. Comparison of clinical efficacy between two groups of patients [n (%)]

Group Apparently effective Effective Ineffective Total effective rate
Observation group (n=39) 30(76.92) 8(20.51) 1(2.56) 38(97.43)
Control group (n=39) 21 (53.85) 10 (25.64) 8(20.51) 31(79.49)
X2 7.255 6.152
P 0.027 0.013
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Figure 1. Wound healing time in both groups.

mal distribution were expressed as mean =*
standard deviation (X + sd), and compared by
the independent t test between groups or by
the paired t test before and after treatment;
otherwise, the data were recorded as median
and interquartile range, and compared by the
rank sum test between groups. Differences
with P<0.05 were considered significant.

Results
Comparison of general baseline data

There was no evident difference in age, gender,
body mass index, wound area, co-morbidities
and anti-diabetic medications between the two
groups (all P>0.05, Table 1).

Comparison of clinical efficacy

The observation group had a notably higher
total effective rate than the control group
(P<0.05, Table 2).

Comparison of wound healing time

The follow-up period was 21 days, with a medi-
an healing time of 14 days in the observation
group and 20 days in the control group. The
results revealed a significant difference in
wound healing time between the two groups
(x?=4.380, P=0.036, Figure 1).
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Before treatment After treatment

Figure 2. VAS scores of patients in both groups.
VAS: Visual Analogue Scale. Compared with pre-
treatment, “*P<0.001; compared with control group,
##P<0.001.

Comparison of VAS scores between the two
groups before and after treatment

The two groups showed no distinct difference
in VAS scores before treatment. However, VAS
scores were significantly lower in the observa-
tion group than in the control group after treat-
ment (P<0.05, Figure 2).

Comparison of wound exudate rate

In comparison with the control group, the
wound exudate rate was statistically lower in
the observation group (P<0.05, Figure 3).

Comparison of HIF-1a and VEGF protein ex-
pression

HIF-1o and VEGF protein levels were higher in
the observation group as compared to the con-
trol group (both P<0.05, Table 3 and Figure 4).

Occurrence of adverse reactions in the two
groups

No abnormalities in blood routine and hepa-
torenal function or severe infection were ob-
served in the two groups during treatment.
Whereas, wound-edge reaction occurred in 4
and 2 cases in the observation group and the
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Figure 3. Comparison of wound exudate rate be-
tween two groups. Compared with the control group,
#P<0.05.

Table 3. Comparison of HIF-1a and VEGF pro-
teins between two groups of patients (n)

Observation Control

Group group (n=39) group (n=39) u P
HIF-1a 2.111 0.035
17 25
+ 12 11
++ 8 2
+++ 2 1
VEGF 2.035 0.048
2 4
+ 13 16
++ 14 18
+++ 10 1

Note: VEGF: vascular endothelial growth factor; HIF-1a:
hypoxia-inducible factor-1a.

control group respectively, which subsided af-
ter appropriate use of antibiotics.

Discussion

Basic fibroblasts were first isolated and purifi-
ed from bovine brain and pituitary gland [13].
Subsequent studies have confirmed that ba-
sic fibroblasts can stimulate the differentiation
and proliferation of vascular endothelial cells
and other cells originating from mesoderm and
neuroectoderm, and play a vital role in tissue
healing [14]. It has been shown that during
wound repair, exogenous basic fibroblasts can
promote the secretion of endogenous basic
fibroblasts, which plays a significant role in
promoting the repair of burn wounds [15, 16].
As mentioned earlier, local application of INS
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can reduce the blood sugar around the wound,
improve the wound microenvironment and pro-
mote wound healing [5]. Therefore, rh-bFGF
combined with local application of INS was
used in this study to treat diabetic patients
with deep Il degree burns. The results reveal-
ed a higher total effective rate in the observa-
tion group, which validate the advantages of
the combined regime in the treatment of dia-
betic patients with deep Il degree burns.

Li et al. conducted a study on 30 patients with
diabetic foot, and intervened the control group
by negative pressure suction, while the obser-
vation group by negative pressure suction com-
bined with local INS [17]. They found that the
average wound healing time was statistically
lower in observation group than in control gr-
oup. Ge et al. studied 80 patients with diabetic
foot and found that local application of INS
could reduce local inflammatory response and
promote wound healing [18]. In the research of
Zhang et al., 80 patients with deep Il degree
burns complicated with diabetes were enrolled
and assigned to the control group for rh-bFGF
therapy and the observation group for combi-
nation therapy of rh-bFGF and local INS [7]; and
a lower wound exudate rate was determined in
the observation group. In the present study,
shorter healing time and lower wound exudate
rate were determined in the observation group
as compared to the control group, suggesting
that rh-bFGF combined with local application of
INS can shorten the wound healing time and
lower the wound exudate rate compared with
single application, which is consistent with the
preceding research results.

Tenderness is a common symptom in patients
with deep Il degree burns, and its intensity is
closely related to the individual psychological
state. If the pain can’t be controlled in time, it
may bring physiological and psychological trou-
bles to the patients and affect their rehabilita-
tion [19]. We have found that the VAS score in
the observation group improved more signifi-
cantly, which indicated that the combination of
rh-bFGF and local INS could reduce the pain of
patients compared with single drug. It may be
that INS promotes wound healing, which short-
ens the healing time and the time for patients
to feel tenderness, so the tenderness is redu-
ced [20].
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ing the recovery of blood sup-
ply of the burned skin and
wound healing.
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groups, and found no evident
difference, indicating that the
combined therapy had a high
safety profile, which is consis-
tent with the study of Zhang

Figure 4. Expression of HIF-1a and VEGF protein in patients in the observa-
tion group (100x). A: HIF-1a protein expression of patients in the observa-
tion group. B: VEGF protein expression of patients in the observation group.
HIF-1a: hypoxia-inducible factor-1a; VEGF: vascular endothelial growth fac-

tor.

Burn, especially in diabetic patients, causes
microcirculation disturbance in local wounds
and distant tissues, resulting in tissue and
organ ischemia and hypoxia, which in turn
induces burn wound deterioration and various
complications. Therefore, improving tissue cell
ischemia and hypoxia and restoring organ
blood supply are the key to prevent and treat
complications after burns and to improve prog-
nosis. HIF-1a is a major regulator of cell homeo-
stasis in hypoxic environment, which exists in
most mammalian cells and participates in
pathophysiological processes such as vascular
permeability change, intestinal mucosal barri-
er destruction, cell apoptosis, revascularization
and cell migration after burns. It can mediate
the formation of corneal neovascularization af-
ter alkali burn and promote the repair of burn
wounds [21]. HIF-1x protein can act on the tran-
scriptional regulatory region by binding with the
DNA site of the target gene, such as regulating
the expression of VEGF, thus promoting the for-
mation of new blood vessels and initiating wo-
und repair. While VEGF, regulated by HIF-1a pro-
tein, can induce angiogenesis and promote the
growth and healing of wounds [22]. In our
research, HIF-1a and VEGF protein levels were
found to be higher in the observation group,
which validated the higher healing effect of the
combined local INS administration, suggesting
that local INS application can promote angio-
genesis and wound healing by regulating HIF-
1a and VEGF protein levels. This may be due to
the fact that HIF-1a promotes the mobilization
and migration of angioblasts to the burn site
by up-regulating the expression of VEGF, thus
promoting angiogenesis and finally accelerat-
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[23]. However, further investi-

gation is warranted to eluci-
date the mechanism through which local INS
improves HIF-1a and VEGF protein levels. Be-
sides, due to the small sample size of this
study, a large sample study is needed in the
later stage for further exploration.

To sum up, given the significant effect of rh-
bFGF combined with local application of INS in
diabetic patients with deep Il degree burns,
mainly manifested in relieving pain, shorten-
ing healing time, reducing wound exudate rate,
and a high safety profile.
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