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To investigate the clinical effect of the combination of evjiv and oral lipoic acid in the treatment of diabetic
foot and its effect of oxidative stress and inflammation is the objective. 100 patients with diabetic foot
treated in our hospital from January 2020 to March 2021 were selected and random divided into control
group and observation group. Patients in control group were treated with basic treatment regimen and
patients in observation group were treated with evjiv combined with oral lipoic acid on the basis of the
control group. The treatment effects, oxidative stress indexes and inflammation indexes of the patients
in the two groups were compared after treatment. After treatment, the total effective rate of patients
in observation group was significantly higher than that in control group. Fasting blood glucose and 2 h
postprandial blood glucose of patients in both groups were lower than those before treatment. Serum
advanced oxidation protein products and malondialdehyde in observation group were lower than those in
control group and superoxide dismutase was higher than that in control group. The vascular cell adhesion
molecule-1, fibroblast growth factor 2, tumor necrosis factor alpha and interleukin-6 in both groups were
lower than those before treatment. The positive rate of bacterial culture on the sore surface in observation
group was significantly lower than that in control group and these difference were statistically significant
(p<0.05). The use of lipoic acid combined with evjiv in the early stage of diabetic foot can effectively

improve the oxidative stress and inflammation of patients and improve the clinical efficacy.
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Diabetes, as the third common chronic non-
communicable disease affecting human health,
has become an increasingly serious public health
problem. Diabetic peripheral neuropathy is one of
the most common complications of diabetes and foot
is a complex target organ of diabetes, a multi system
diseasel'l. Diabetic patients with peripheral neuropathy
and peripheral vascular disease combined with high
mechanical pressure can cause foot soft tissue and bone
joint system damage and deformity and then lead to a
series of mild neurological symptoms to severe ulcer,
infection, vascular disease, Charcot joint disease and
neurodegenerative fracture!?®. If the treatment cannot
fully solve the symptoms and complications of lower
limbs, it will not only seriously affect the health and
quality of life of patients but also cause great economic
burden for patients themselves and society. The
purpose of this study was to investigate the clinical
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efficacy of the combination of evjiv and lipoic acid in
the treatment of diabetic foot and its effect on oxidative
stress response and inflammatory indexes.

MATERIALS AND METHODS
General clinical data:

A total of 100 patients with diabetic foot treated in
our hospital from January 2020 to March 2021 were
selected and randomly divided into control group
and observation group, 50 cases in each group. The
observation group included 37 males and 13 females,
aged 40-72 y, with an average age of (53.24+3.06) y and
an average course of diabetes of (9.1+2.2) y; the control
group included 36 males and 14 females, with an average
age of (52.93+2.78) y and an average course of diabetes
of (8.9+1.9) y. After analyzing and comparing the basic
data and the average course of diabetes between the two
groups, there was no significant difference (p>0.05).
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Inclusive criteria; Clinical symptoms met the diagnostic
criteria of diabetic foot™*!; Wagner grade was 1-25,

Exclusion criteria includes Type 1 diabetes mellitus;
patients with allergic symptoms to the drugs used
in this study; patients with severe diseases of other
important organs; patients who could not observe the
medication time. All patients agreed and signed the
informed consent.

Methods:

The control group was treated with basic treatment.
Insulin or oral hypoglycemic drugs were used to control
blood glucose between 6 and 8 mmol/1, antibiotics were
used to treat infection, sensitive antibiotics were selected
according to bacterial culture, water electrolyte balance
was maintained, microcirculation was improved and
other complications of diabetes were actively treated.
Local debridement: use 0.9 % sodium chloride injection
to wash the wound surface, remove necrotic tissue and
expose fresh granulation tissue. After debridement and
dressing change, the wound surface was rinsed with
hydrogen peroxide solution, wiped with lodophor (0.02
%) and dried with sterile gauze. The surface of the
wound surface was covered with sterile Vaseline gauze
and then covered with sterile gauze.

The patients in the observation group were treated with
evjiv combined with oral lipoic acid on the basis of
the control group. The patient took 100 mg of a-lipoic
acid orally twice a day, while debridement and dressing
change were first disinfected by wiping with lodophor,
then local spraying of evjiv (external application
of lyophilized recombinant human acidic fibroblast
growth factor) solution and then covered or stuffed
with sterile Vaseline gauze on the surface of the wound
and then covered with sterile gauze. Both groups were
treated for 2 mo. The frequency of dressing change in
the two groups depends on the exudation of the wound,
generally 1-2 d.

Observation index:

At the end of the treatment course, the therapeutic effect
of'the two groups was observed. Fasting blood glucose, 2
h postprandial blood glucose, glycosylated hemoglobin,
advanced oxidation protein products (AOPPs),
superoxide dismutase (SOD), malondialdehyde
(MDA), vascular cell adhesion molecule-1 (VCAM-
1), fibroblast growth factor 2 (FGF2), interleukin-6
(IL-6) and tumor necrosis factor alpha (TNF-a) were
detected before and after treatment. Fasting blood
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glucose and 2 h postprandial blood glucose were
detected by glucose oxidase, glycosylated hemoglobin
by ion exchange chromatography, SOD and MDA by
thiobarbituric acid reaction, AOPPs, VCAM, FGF2
and TNF-a by enzyme immunoadsorption and IL-6 by
electrochemiluminescence. The change of the positive
rate of bacterial culture on ulcer surface was observed
before and after treatment. Collection and identification
of bacteria on the wound surface before the change of
first dressing and 1 mo after the change of dressing was
carried out and wet cotton swabs were used to take the
secretion from the wound surface for examination.

Efficacy criteria:

Markedly effective-the patient’s lower limbs have no
pain and numbness and the symptoms of lower limbs
cooling have completely disappeared and the patient’s
wound area is more than 80 %; effective: the patient’s
lower limb pain and numbness have been relieved and
the wound healing area is 40 %-80 %; ineffective:
the patient’s condition has no obvious improvement
or although there is improvement, the wound healing
area is less than 40 %%l Total effective rate=(markedly
effective cases+effective cases)/total casesx100 %.

Statistical analysis:

All data were analyzed by SPSS 16.0 software. The
measurement data were expressed as (x+s). Paired
t-test was used for comparison between groups, p<0.05
was considered statistically significant.

RESULTS AND DISCUSSION

Comparison of clinical efficacy between the two groups
was observed. After treatment, the total effective rate of
the observation group was significantly higher than that
of the control group (p<0.05) and the clinical efficacy
of the observation group was better than that of the
control group (p<0.05), as shown in Table 1.

Comparison of the changes of blood glucose and
glycosylated hemoglobin between the two groups
before and after treatment was observed. There was
no significant difference in fasting blood glucose,
2 h postprandial blood glucose and glycosylated
hemoglobin between the two groups before and after
treatment (p>0.05). After treatment, fasting blood
glucose and 2 h postprandial blood glucose of the two
groups were lower than before treatment (p<0.05);
there was no significant difference in glycosylated
hemoglobin between the two groups (p>0.05), as
shown in Table 2.
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TABLE 1: COMPARISON OF CLINICAL EFFICACY BETWEEN THE TWO GROUPS

Groups N Markedly effective Effective Ineffective Total effective rate (%)
Observation group 50 27 16 7 43 (86.00)
Control group 50 15 18 17 33 (66.00)

TABLE 2: COMPARISON OF THE CHANGES OF BLOOD GLUCOSE AND GLYCOSYLATED HEMOGLOBIN
BETWEEN THE TWO GROUPS BEFORE AND AFTER TREATMENT

Control group (N=50)

Observation group (N=50)

After treatment

Before treatment After treatment

Projects

Before treatment
Fasting blood glucose (mmol/l) 8.4+2.1
2 h postprandial blood glucose 13.343.3
(mmol/l)
Glycosylated hemoglobin (%) 8.9+2.1

7.2+1.6* 8.5+2.0 7.1+1.8*
9.2+3.1% 13.5+3.4 9.4+3.3"
8.3+1.8 9.0£2.3 8.4+2.6

Note: Compared with the before treatment, “p<0.05

Comparison of oxidative stress indexes before and
after treatment between the two groups was measured.
Before treatment, there was no significant difference
in AOPPs, SOD and MDA between the two groups
(p>0.05). After treatment, the AOPPs and MDA values
of the two groups were lower than before treatment and
the observation group was lower than the control group
(p<0.05). In addition, SOD value was higher than
before treatment and the observation group was higher
than the control group, the difference was statistically
significant (p<0.05), as shown in Table 3.

Comparison of inflammatory indexes between the
two groups before and after treatment was observed.
Before treatment, there were no significant differences

in VCAM-1, FGF2, TNF-a and IL-6 between the
two groups (p>0.05). After treatment, VCAM, FGF2,
TNF-a, IL-6 of the two groups were lower than before
treatment and the observation group was lower than the
control group (p<0.05), as shown in Table 4.

Comparison of positive rate of bacterial culture on
sore surface between two groups before and after
treatment was observed. Before treatment, there was no
significant difference in the positive rate of ulcer surface
bacterial culture between the two groups (p>0.05); after
treatment, the positive rate of ulcer surface bacterial
culture in the observation group was significantly lower
than that in the control group (p<0.05), as shown in
Table 5.

TABLE 3: COMPARISON OF OXIDATIVE STRESS INDEXES BEFORE AND AFTER TREATMENT BETWEEN

THE TWO GROUPS
. Control group (N=50) Observation group (N=50)
Projects
Before treatment After treatment Before treatment After treatment
AOPP (mmol/l) 65+10 58+9# 65+10 53+7#*
SOD (U/l) 27+5 30+6* 26+5 33+6"*
MDA (mmol/l) 6.8+0.9 5.7+0.7% 6.8+0.9 4.7+0.5*

Note: Compared with the pre-treatment, ?p<0.05; Compared with the control group, *p<0.05

TABLE 4: COMPARISON OF INFLAMMATORY INDEXES BETWEEN THE TWO GROUPS BEFORE AND

AFTER TREATMENT
Profect Control group (N=50) Observation group (N=50)

rojects

) Before treatment After treatment Before treatment After treatment

VCAM-1 (g/1) 1136+300 1004+266* 1127305 810+£205*
FGF2 (ng/l) 16.0+4.2 12.4+2.7% 16.0+4.3 9.1+2.6"
TNF-a (pg/l) 22+6 1845 22+6 144
IL-6 (pg/l) 23+6 18+5% 23+6 1314
Note: Compared with the pre-treatment, 7p<0.05; Compared with the control group, *p<0.05
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TABLE 5: COMPARISON OF POSITIVE RATE OF BACTERIAL CULTURE ON SORE SURFACE BETWEEN

TWO GROUPS BEFORE AND AFTER TREATMENT

Groups N Before treatment After treatment
Observation group 50 46 (92.00) 12 (24.00)*
Control group 50 47 (94.00) 23 (46.00)*

Note: Compared with the pre-treatment, ?p<0.05; Compared with the control group, *p<0.05

Diabetic foot is the most common, serious and costly
complication of diabetes!®, which is caused by the
destruction or deformity of soft tissue and bone joint
system caused by excessive mechanical pressure on the
foot!”\. If the early diabetic foot is not treated in time, it
may cause some serious symptoms and complications
in the lower limbs of patients!®). In patients with diabetic
foot, long-term disease will make their sensory nerve,
motor nerve lesions, coupled with high mechanical
pressure, eventually lead to foot ulceration and
infection. The patient’s foot will lose consciousness
and under a certain degree of repeated external force,
the foot will cause inflammation and tissue damage,
such as the pressure from the ground or shoes. Due
to the lack of normal neuroprotective mechanism, the
ulcer of patients is often aggravated by the presence of
bone process. The pathological changes of autonomic
nervous system result in the loss of normal skin function
of perspiration regulation, skin temperature regulation
and blood circulation regulation, which leads to the
decrease of local tissue flexibility, the formation of thick
corpus callosum and more easily broken and cracked.
In addition, the loss of normal perspiration blocked the
rehydration of local tissues, resulting in further tissue
destruction and making deep tissues easier for bacterial
colonization.

Oxidative stress refers to the imbalance between
oxidation and anti-oxidation in human body and tends
to be oxidative, which makes neutrophil inflammatory
infiltration, increases protease secretion and produces a
large number of oxidation intermediates!'®. Oxidative
stress can damage insulin antibody and islet B cells.
Therefore, the pathogenesis of diabetes is based
on oxidative stress!'!. Inflammation is a kind of
defensive pathological reaction when the body is under
adverse stimulation!'?!, In the process of inflammation
development, damage factors will damage cells and at
the same time, they will surround the damage factors
through inflammatory reaction. After pathogens invade
the body, the body is in a state of stress. Oxidative stress
causes hypercoagulable state, leading to tissue ischemia,
activation of complement system, or production of a
variety of chemotactic substances. Therefore, in the
process of inflammatory reaction, oxidative stress can
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be increased, the antioxidant capacity of cells will
be reduced, the production of free radicals will be
increased and the structure and function of protein will
be damaged, leading to deoxyribonucleic acid (DNA)
mutation.

Lipoic acid is a vitamin like coenzyme, which mainly
exists in mitochondria and can effectively eliminate
free radicals. It is a multifunctional antioxidant. Studies
have found that lipoic acid can correct oxidative
stress induced by hyperglycemia through a variety of
mechanisms!'?). Lipoic acid can preserve and regenerate
other antioxidants, balance the concentration of blood
glucose and effectively enhance the body’s immune
system!'*, It has been reported that lipoic acid has a
significant effect on the early stage of diabetic foot!'*,
Evjiv is a recombinant human acidic fibroblast growth
factor, which has a wide range of biological effects.
Its main mechanism of promoting wound healing is to
promote the formation of capillaries and epithelium,
promote the growth of granulation tissue and shorten
the healing time. It can also inhibit the excessive
formation of collagen in the process of wound repair,
so as to prevent the excessive formation of scart'®!,

The results showed that the total effective rate of the
observation group was significantly higher than that of
the control group (p<0.05). The biochemical reaction
of lipoic acid is in mitochondria, which is the energy
center of cells. Lipoic acid is a necessary factor in
the glucose energy metabolism cycle of human body.
Although human body can synthesize lipoic acid for
basic physiological reaction, the additional supplement
of lipoic acid can significantly improve the sensitivity
of diabetic cells to insulin. The results of this study
also showed that after treatment, fasting blood glucose
of the two groups could be reduced, 2 h postprandial
blood glucose was lower than before treatment; AOPPs
and MDA of the observation group were lower than
those of the control group, SOD was higher than that of
the control group (p<0.05); the levels of VCAM, FGF2,
TNF-a and IL-6 in the observation group were lower
than those in the control group (p<0.05), indicating that
lipoic acid combined with evjiv can effectively treat
early diabetic foot and improve oxidative stress and
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inflammation.

In conclusion, in the early stage of diabetic foot, the
use of lipoic acid combined with evjiv can effectively
improve the oxidative stress and inflammation of
patients and improve the clinical efficacy.
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