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Abstract. — OBJECTIVE: We aimed at inves-
tigating the clinical efficacy of recombinant hu-
man basic fibroblast growth factor combined
with compound polymyxin B ointment and the
local application of insulin on wound healing of
deep second-degree burn in diabetes mellitus.

PATIENTS AND METHODS: 80 diabetes melli-
tus patients complicated with deep second-de-
gree burn treated from 2016 to December 2017
were selected and divided into observation
group (n=40) and control group (n=40) using
the random number method. Patients in control
group were treated with compound polymyx-
in B ointment, while those in observation group
were treated with basic fibroblast growth fac-
tor based on the treatment in control group. The
time of wound pain relief, wound scarring, and
wound healing was compared.

RESULTS: The number of positive bacteria in
the wound was recorded and the duration of in-
fection was also recorded. Moreover, the chang-
es in the expressions of Advanced Glycation
End products (AGEs) and Vascular Endotheli-
al Growth Factor (VEGF) were analyzed. In ob-
servation group, the time of wound pain relief,
wound scarring, and wound healing was sig-
nificantly shorter than that in control group
(p<0.05). At 3, 14, and 28 days after the treat-
ment, the levels of AGEs in observation group
were lower than those in control group, while the
levels of VEGF in the observation group were
higher than those in control group (p<0.05). The
proportions of wound infection, skin necrosis,
systemic blood infection, hypoglycemia, and hy-
perglycemia and the ineffective rate in observa-
tion group were significantly lower than that in
control group (p<0.05).

CONCLUSIONS: The application of compound
polymyxin B ointment and the local applica-
tion of insulin combined with recombinant hu-
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man basic fibroblast growth factor in diabetes
mellitus patients complicated with a deep sec-
ond-degree burn can effectively alleviate the
pain, reduce the wound infection rate, promote
the wound healing, and improve the overall ther-
apeutic effect.
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Introduction

The ability to repair the burn wound is closely
related to the depth of the burn. In particular,
there are many damaged tissues in the deep sec-
ond-degree burn and above, making the corium
layer lose the physiological function, so it gen-
erally takes 4 weeks or even longer to promote
the wound healing only through the proliferation,
differentiation, and migration of residual epithe-
lial tissues'. In clinic, the skin grafting is recom-
mended for the burn wound that is not healed
after 4 weeks®. In diabetes mellitus, the blood
glucose increases for a long time and the body’s
self-repair ability and immunity significantly de-
cline. The time of wound healing after the burn
is longer and during the wound healing process,
the necrotic tissues adhered do not shed easily,
the granulation tissue regeneration is slow with
abnormal function, the epithelial differentiation
rate is inhibited, and the skin basal tissues are
inactive. With the prolongation of the duration of
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diabetes mellitus and the unsatisfactory control
of blood glucose, the burn wound healing will
be more difficult and the effects of conventional
conservative treatment and hypoglycemic thera-
py are limited®. The operative treatment has a low
cure rate and even leads to a healing disorder at
the donor site, etc.

Recombinant human basic Fibroblast Growth
Factor (rth-bFGF) is a kind of physiological mul-
tifunctional cell growth factor, which possesses
broad biological activity and can significantly
stimulate the cell growth and reproduction in
the embryonic mesoderm and neural ectoderm,
thereby promoting the capillary regeneration,
stimulating the epithelial, and endothelial cell
proliferation, as well as improving the produc-
tion of wound granulation tissues®. Moreover,
rh-bFGF, as mitogen and chemokine, can also
increase the activity and promote the aggregation
of fibroblasts. The proliferation of new capillaries
and fibroblasts is the most important factor for
the granulation tissue regeneration and wound
healing after the burn, and rh-bFGF can effec-
tively improve both links®. To better improve the
therapeutic effect on diabetes mellitus patients
complicated with a deep second-degree burn, the
clinical therapeutic value of th-bFGF combined
with compound polymyxin B ointment and the
local application of insulin was mainly explored.

Patients and Methods

General Data

A total of 80 diabetes mellitus patients com-
plicated with a deep second-degree burn treated
in the Cangzhou Central Hospital from February
2016 to December 2017 were selected. All patients
were diagnosed with diabetes mellitus via the
past medical history and clinical manifestations
and the deep second-degree burn was confirmed
via physical examination. The research was ap-
proved by the Ethics Committee of Cangzhou

Table I. Comparisons of general data between the two groups.

Central Hospital and written informed consents
were signed by patients and/or guardians.

Inclusion criteria: patients aged above 18 years
old, patients with type 2 diabetes mellitus, and
untreated patients with burn within 4 h. Exclu-
sion criteria: patients complicated with respirato-
ry tract burn, severe cardiopulmonary or hepato-
renal dysfunction, malignant tumors, significant
wound infection before enrollment, or abnormal
state of consciousness and mentality. Patients en-
rolled were divided into observation group (n=40)
and control group (n=40) using the random num-
ber method. The general data of patients in both
groups are shown in Table L.

Methods

All patients enrolled underwent the conven-
tional treatment, such as the diabetic diet, local,
and systemic application of insulin to control the
blood glucose, scavenging of necrotic tissues af-
ter the burn and sufficient drainage. The growth
of granulation tissues was promoted combined
with exposure therapy, bacteria were cultured
regularly for the wound secretion or necrotic
tissues, the application of antibacterial drugs was
guided, the wound was observed, and the dress-
ing was changed in time. Patients in control group
were treated with the local application of com-
pound polymyxin B ointment (Zhejiang Reachall
Pharmaceutical Co., Ltd., NMPN H20061269,
Zhejiang Sheng, China) for 3 times a day (7 days
as one course of treatment). The ointment was
applied when there were open skin defects and
withdrawn after scarring. Patients in observation
group, based on the treatment in control group,
were treated with local external spraying of bF-
GF (Nanhai Longtime Pharmaceutical Co., Ltd.,
NMPN S§20040053) once a day (20000 IU per
time).

Observation Indexes
The conditions of all patients during hospital-
ization were observed and they were followed

Age Body Burn Duration of Glycated
Male/ (years mass area diabetes mellitus hemoglobin
female old) index (%) (years) (%)
Observation group 20/20 556+19 265+29 219+1.1 15.6+£3.5 81+0.3
Control group 21/19 557+£20 266+29 21.8+1.1 157+3.5 82+0.3
tory? 0.000 0.229 0.154 0.407 0.128 1.491
P 1.000 0.819 0.878 0.685 0.897 0.140
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Table Il. Comparisons of wound pain relief, wound scarring and wound healing between the two groups (d, x £ s).

Time of wound pain relief

Time of wound scarring

Time of wound healing

Observation group
Control group
t

p

3.1 +0.2
5.6+0.5
29.361
0.000

149+2.1

189+2.5
7.748
0.000

241£2.5

319+29
12.884
0.000

up for 3 months via telephone or clinic after
discharge. The time of wound pain relief, wound
scarring, and wound healing was compared be-
tween the two groups. The number of positive
bacteria in the wound at different time points
after treatment was recorded in both groups and
the duration of infection and the total times of
dressing change during the treatment were also
recorded in both groups. Moreover, the chang-
es in the expressions of advanced glycation
end products (AGEs) and vascular endothelial
growth factor (VEGF) in both groups at dif-
ferent time points (at enrollment, and at 3, 14,
and 28 days after treatment) were analyzed, and
the complications during treatment and overall
clinical therapeutic effects in both groups were
detected.

Evaluation Criteria

AGEs (normal reference value: 28.8-38.7 ug/
mL in adults) and VEGF (normal reference
value: 43.3-58.8 pg/L in adults) were detect-
ed via enzyme-linked immunosorbent assay
(ELISA). The overall clinical therapeutic ef-
fect was evaluated using the Wagner grading:
ineffective (the reduction area of wound after
treatment <50% or there is no improvement
or even aggravation), effective (the reduction
area of wound after treatment >50% but <75%,
and disappearance or significant alleviation of
clinical symptoms, such as pain, exudation,
and infection), and cure (wound healing after
treatment, and complete disappearance of clin-
ical symptoms). Ineffective rate (%) = number
of ineffective cases/total number of cases x

100%. The wound pain was evaluated using the
visual analogue scale (VAS) score (0-10 points)
and the higher score corresponds to the higher
pain degree.

Statistical Analysis

SPSS20.0 (IBM, Armonk, NY, USA) was used
for statistical processing. Measurement data were
expressed as meant standard deviation (¥ £ s).
The #-test was used for the comparison of mean
between the two groups and the chi-square test
was adopted for the comparison of rate between
the two groups. p<0.05 suggested that the differ-
ence was statistically significant.

Results

Comparisons of Wound Pain Relief,
Wound Scarring, and Wound Healing
Between the Two Groups

In observation group, the time of wound pain
relief, wound scarring, and wound healing was
significantly shorter than that in control group
(p<0.05) (Table II).

Comparison of the Number of
Positive Bacteria in the Wound at
Different Time Points After Treatment
Between the Two Groups

No wound infection occurred in both groups
at enrollment. In observation group, the number
of positive bacteria in the wound at 3, 14, and 28
days after treatment was significantly larger than
that in control group (p<0.05) (Table III).

Table Ill. Comparison of the number of positive bacteria in the wound at different time points after treatment between the

two groups (n).

At 3 d after 14 d after 28 d after
enrollment treatment treatment treatment
Control group 0 24 31
t — 5.600 8.584 14.679
p - 0.018 0.003 0.000
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Comparisons of the Duration of
Infection and Total Times of Dressing
Change During Treatment Between
the Two Groups

The duration of infection in observation group
[(19.3£1.5) d] was shorter than that in control
group [(27.1£3.3) d] (#=13.609, p=0.000) and the
total times of dressing change during treatment
in observation group [(8.9£1.1) times]| were fewer
than those in control group [(15.3£2.5) times]
(#=14.820, p=0.000) (Figure 1).

Analysis of the Expressions of AGEs
and VEGF at Different Time Points
in Both Groups

At enrollment and at 3, 14, and 28 days after
treatment, the expression of AGEs was (56.3£3.8)
ug/mL, (39.1+2.7) pg/mL, (30.4+1.3) ug/mL,
and (29.1£1.0) pg/mL, respectively, in obser-
vation group. (56.4+3.8) pg/mL, (45.3£2.9) ug/
mL, (42.1£1.5) pg/mL, and (40.2+1.6) pg/mL,
respectively, in control group. During the same
period, the expression of VEGF was (14.4+1.0)
pg/L, (54.9+3.8) pg/L, (98.2+5.6) pg/L, and
(78.4£4.1) pg/L, respectively, in observation
group. (14.5£1.0) pg/L, (31.243.1) pg/L, (45.3£4.5)
pg/L and (51.4+4.9) pg/L, respectively, in control
group. It can be observed that at 3, 14, and 28
days after treatment, the levels of AGEs in obser-
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Figure 1. Comparisons of the duration of infection and
total times of dressing change during treatment betwe-
en the two groups. In the observation group, the duration
of infection is shorter than that in control group (p<0.05),
and the total times of dressing change during treatment are
fewer than those in control group (p<0.05).
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Figure 2. Changes in the levels of AGEs at different time
points in both groups. At 3, 14, and 28 days after treatment,
the levels of AGEs in observation group are significantly
lower than those in control group (p<0.05).

vation group were significantly lower than those
in control group (t=9.896, 37.279, and 37.207,
p=0.000), while the levels of VEGF in obser-
vation group were higher than those in control
group (#=30.565, 46.571, and 26.727, p=0.000)
(Figures 2 and 3).
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Figure 3. Changes in the levels of VEGF at different time
points in both groups. At 3, 14, and 28 days after treatment,
the levels of VEGF in observation group are significantly
higher than those in control group (p<0.05).
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Table IV. Comparison of complications during treatment between the two groups.

Wound Skin Systemic blood
infection necrosis infection Hypoglycemia Hyperglycemia
Observation group 14 3 2 1 1
Control group 31 14 10 9 9
. 14.679 7.470 4.804 5.600 5.600
V4 0.000 0.006 0.028 0.018 0.018

Comparison of Complications During
Treatment Between the Two Groups

During the treatment, the proportions of wound
infection, skin necrosis, systemic blood infection,
hypoglycemia, and hyperglycemia in observation
group were lower than those in control group
(p<0.05) (Table IV).

Comparison of the Overall Clinical
Effect Between the Two Groups

The ineffective rate in observation group
(2.5%) was markedly lower than that in control
group (22.5%) (’=5.600, p=0.018) (Table V).

Discussion

Diabetes mellitus leads to lesions in the pe-
ripheral vessels and nerves in the body, signifi-
cantly delaying the body’s sense of high-low
temperature and tenderness. When the deep burn
is combined, the body’s immunity will decline
due to the peripheral circulation hypofunction®.
Therefore, the self-repair ability of the wound be-
comes significantly worse. Moreover, the diabetic
diet often results in malnutrition. So, the granula-
tion tissue growth and epithelial expansion of the
wound are slow, causing wound disunion’. The
patients with an extensive burn, especially those
complicated with deep second-degree burn and
above, suffer from the significant stress hyper-
glycemia®. Besides, several degenerated necrotic
tissues and protein exudate in the burn wound,
causing the damage to the complete physiolog-
ical barrier impairment of skin, leading to the

local circulatory dysfunction and providing the
pathway and medium for the invasion of patho-
genic microbes’. In this report, diabetes mellitus
patients complicated with deep second-degree
burn in observation group were treated with
compound polymyxin B ointment and the local
application of insulin and rh-bFGF was used for
intervention. The wound pain relief, wound scar-
ring, and wound healing were compared between
the two groups and it was found that the time of
wound pain relief, wound scarring, and wound
healing in observation group was significantly
shorter than that in control group, indicating that
the combined application of rh-bFGF can signifi-
cantly alleviate the wound pain and promote the
wound healing of diabetes mellitus patients com-
plicated with deep second-degree burn. The num-
ber of positive bacteria in the wound at different
time points after treatment was also compared
between the two groups and it was found that the
number of positive bacteria in the wound in ob-
servation group at 3, 14, and 28 days after treat-
ment was significantly larger than that in control
group, suggesting that the combined application
of rh-bFGF can effectively reduce the risk of
wound infection and promote the tissue healing
of diabetes mellitus patients complicated with a
deep second-degree burn. At the same time, the
duration of infection and total times of dressing
change during treatment were compared between
the two groups. The results revealed that the
duration of infection in observation group was
shorter than that in control group and the total
times of dressing change during treatment in ob-
servation group were fewer than those in control

Table V. Comparison of the overall clinical effect between the two groups.

Cure Effective Ineffective
Observation group 35 1
Control group 23 8 9
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group. This further indicated that the combined
application of th-bFGF can also reduce the wound
exudate and shorten the time of wound infection
control. Moreover, the expressions of AGEs and
VEGF at different time points in both groups
were analyzed and the results showed that at 3, 14,
and 28 days after treatment, the levels of AGEs in
observation group were significantly lower than
those in control group, while the levels of VEGF
in observation group were higher than those in
control group. This suggested that the combined
application of rh-bFGF can effectively reduce the
level of damage-related factor AGEs, improve the
levels of tissue healing, and angiogenesis-related
VEGF, as well as benefit the wound repair more
in diabetes mellitus patients complicated with
deep second-degree burn. Finally, the complica-
tions and overall clinical effect were detected in
both groups. It was found that the proportions of
wound infection, skin necrosis, systemic blood
infection, hypoglycemia, and hyperglycemia in
observation group during treatment were lower
than those in control group, and the ineffective
rate in observation group was lower than that
in control group, while the effective rate in ob-
servation group was higher than that in control
group. These findings suggested that compound
polymyxin B ointment and the local application
of insulin combined with rh-bFGF can signifi-
cantly reduce the complications during the treat-
ment and improve the overall clinical therapeutic
effect on diabetes mellitus patients complicated
with a deep second-degree burn. The mechanism
of th-bFGF applied in diabetes mellitus patients
complicated with a deep second-degree burn is
mainly divided into the following three aspects:
first, it is an exogenous chemical chemotactic
agent, which can promote the chemotaxis of in-
flammatory cells in the burn wound and improve
the local tissue differentiation ability'®. Second, it
directly acts on the burn wound to enhance the
activity of tissue repair-related factor receptors
and improve the mitosis of tissue cells, thereby
promoting tissue regeneration and accelerating
wound healing'’. Third, it can also accelerate the
cell repair-related signal transmission and better
improve the clinical therapeutic effect combined
with effective regulation of blood glucose'?. The
application of rh-bFGF in diabetes mellitus pa-
tients complicated with a deep second-degree
burn can better promote the healing below the
wound scab', scab shedding, and granulation
tissue regeneration', thus repairing the wound
rapidly, filling the dermal defects and restoring
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the skin integrity'>. The early healing of burn
wound can effectively reduce the risk of infec-
tion'®, shorten the duration of hospitalization, and
improve the overall clinical therapeutic effect'.
Moreover, rh-bFGF is the colorless clear liquid'®
with irritating odor, the wound is clean and tidy
after application”, and it is simple in operation
and highly accepted among patients®.

Conclusions

The application of compound polymyxin B
ointment and the local application of insulin com-
bined with rh-bFGF in diabetes mellitus patients
complicated with a deep second-degree burn can
effectively alleviate the pain, reduce the wound
infection rate, promote the wound healing, and
improve the overall therapeutic effect.
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