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Epalrestat is effective in treating diabetic foot infection 
and can lower serum inflammatory factors in patients
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Abstract: This study was designed to determine the efficacy of epalrestat on patients with diabetic foot infection 
(DFI) and its effects on serum inflammatory factors in the patients. Methods: The data of 80 patients with DFI 
treated in the First Affiliated Hospital of Jiangxi Medical College from May 2020 to May 2022 were analyzed ret-
rospectively. Among them, patients who received routine comprehensive treatment were enrolled into the control 
group (n=37), and those who received epalrestat on the basis of routine comprehensive treatment were enrolled 
into the study group (n=43). The changes of serum inflammatory factors before and after treatment, granulation 
tissue grading and efficacy in the two groups were analyzed and compared, and the wound healing time, hospital-
ization time and adverse reactions (including nausea and vomiting, dizziness, headache, pruritus, etc.) of the two 
groups were statistically analyzed. The prognosis of the patients within 1 year after treatment was analyzed, and the 
independent risk factors of poor prognosis were analyzed through logistic regression. Results: Before treatment, the 
two groups were not significantly different in the levels of tumor necrosis factor-α (TNF-α), high sensitivity C-reactive 
protein (hs-CRP), and interleukin-6 (IL-6), while after treatment, the levels decreased significantly in both groups, 
with significantly lower levels in the study group than those in the control group. The study group had a significant 
lower proportion of patients with grade 0/grade 1 granulation tissue than the control group, and had a significantly 
higher proportion of patients with grade 2/grade 4 granulation tissue than the control group, but the proportion of 
patients with grade 3 granulation tissue in the two groups was not greatly different. The study group experienced no-
tably shorter wound healing time and hospitalization time than the control group. A notably higher overall response 
rate was found in the study group than that in the control group. In addition, the total incidence of adverse reactions 
was not greatly different between the two groups. BMI, diabetes mellitus type, Wagner grading and classification of 
diabetic foot infection were found to be the risk factors affecting the prognosis of patients, and Wagner grading was 
an independent risk factor affecting the prognosis of patients. Conclusion: Epalrestat is effective in treating DFI, be-
cause it can lower the levels of serum inflammatory factors, shorten the time of wound healing and hospitalization, 
and promote the growth and recovery of granulation, without increasing adverse reactions. Therefore, it is worthy 
of clinical promotion.
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Introduction

As the incidence of diabetes mellitus (DM) 
increases, an increasing number of patients 
suffer from diabetic foot [1]. Diabetic foot is a 
series of foot diseases due to poor blood glu-
cose control and peripheral nerve and vascular 
diseases, and diabetic foot infection (DFI) is a 
major complication [2]. DFI is a crucial culprit 
for the development and deterioration of dia-
betic foot, and diabetic foot complicated with 

deep infection is the most common cause of 
amputation in patients suffering from diabetic 
foot [3]. DFI is commonly caused by neuropath-
ic ulcer, with a long treatment cycle, high cost, 
great difficulty, high disability and high mortality 
rate [4]. Patients with DFI often need amputa-
tion, which substantially compromises their 
quality of life [5], so, effective measures to 
improve the condition of patients with DFI is 
strongly correlated with their physical and men-
tal health. 
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Antibiotics are an important means and meth-
od for DFI, but the drug resistance, double 
infection and side effects of bacteria enhance 
the difficulty of the treatment [6]. The advent of 
epalrestat provides a novel method for the 
treatment of DFI. Epalrestat is a specific aldose 
reductase inhibitor, which acts by blocking the 
polyol pathway [7]. With abilities to reduce oxi-
dative stress and inhibit protein non-enzymatic 
glycosylation in individuals with DM, epalrestat 
is mainly adopted in the treatment of chronic 
complications of DM. Ramirez et al. [8] have 
revealed that epalrestat can be adopted as an 
aldose reductase inhibitor in the treatment of 
diabetic neuropathy with a low incidence of 
adverse reactions and is effective and safe for 
chronic diabetic complications. Alvarez-Rivera 
et al. [9] have also revealed a certain therapeu-
tic effect of epalrestat on diabetic ocular com-
plications. However, there are still few related 
studies on the application of epalrestat in DFI.

Accordingly, this study explored the efficacy of 
epalrestat on patients with DFI and its effects 
on serum inflammatory factors in the patients 
to offer reference to the follow-up treatment of 
DFI.

Materials and methods

Clinical data

The data of 80 patients with DFI treated in  
the First Affiliated Hospital of Jiangxi Medical 
College from May 2020 to May 2022 were ana-
lyzed retrospectively. Among them, patients 
who received routine comprehensive treatment 
were enrolled into the control group (n=37), and 
those who received epalrestat on the basis of 
routine comprehensive treatment were enrolled 
into the study group (n=43). This study was 
approved by the Medical Ethics Committee of 
the First Affiliated Hospital of Jiangxi Medical 
College.

Inclusion and exclusion criteria

Inclusion criteria: (1) Patients who met the diag-
nostic criteria of diabetic foot in the Chinese 
Guidelines for the Diagnosis and Treatment of 
Diabetic Foot [10]; (2) Patients with Wagner 
grade 2-3 [11]; (3) Patients who met the clinical 
classification criteria of grade 2-3 DFI in the 
diagnostic criteria of Guidelines for Diagnosis 
and Treatment of Diabetic Foot Infection 

(updated in 2019) formulated by the Inter- 
national Working Group on the Diabetic Foot 
(IWGDF) [12]; (4) Patients over 18 years old; (5) 
Patients with complete clinical data.

Exclusion criteria: (1) Patients with malignant 
tumor, severe hypoproteinemia, dysfunction of 
important organs, cardiovascular or cerebro-
vascular diseases, thyroid dysfunction or hema-
tological diseases; (2) Patients with severe 
lesions requiring amputation; (3) Patients who 
were comorbid with severe diabetic complica-
tions except DFI and had unstable vital signs; 
(4) Patients who were allergic to the drugs 
adopted in this study or had an allergic history; 
(5) Patients during pregnancy or lactation.

Therapeutic regimen

Both groups were given commonly adopted 
treatment, including antibiotic treatment, 
wound treatment, control of diabetes, surgical 
intervention. Specifically, for the control group: 
Each patient was given insulin (Insulin injec-
tion: Jiangsu Wanbang Biopharmaceuticals; 
State Food and Drug Administration approval 
number: H10890001) to control the blood glu-
cose levels, and was given symptomatic treat-
ment against other basic diseases, such as 
hypertension and hyperlipidemia. For anti-
infection treatment, empirical drugs (cefixime 
dispersible tablets: Guangzhou Baiyunshan 
Pharmaceutical Holdings Company Limited; 
State Food and Drug Administration approval 
number: H20030048; amoxicillin: Sichuan 
Yuanjian Pharmaceutical Co., Ltd.; State Food 
and Drug Administration approval number: 
H21023908) were adopted first. Additionally, 
wound secretions of the patient were collected 
for pathogenic examination. After acquiring the 
results of pathogen drug sensitivity test, sensi-
tive antibacterial drugs were selected for anti-
infection treatment. The infected wound was 
thoroughly debrided 3 days after admission, 
and the wound was closed by negative pres-
sure suction foam dressing. The constant nega-
tive pressure suction was carried out at -10.6~ 
-8.0 kPa until the wound reached the condition 
of skin graft repair.

For the study group: In addition to treatment  
in the control group, each patient in the  
study group received oral epalrestat tablets 
(Shandong DYNE Marine Biopharmaceutical 
Co., Ltd., State Food and Drug Administration 
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approval number: H20050893; specification: 
50 mg × 12 s) at 50 mg/time, 3 times/d; The 
course of treatment was 28 days.

Outcome measures

Primary outcome measures: Serum inflamma-
tory factors: Fasting peripheral venous blood 
was extracted from each patient, followed by 
15-min centrifugation (4,000 rpm). Then serum 
tumor necrosis factor-α (TNF-α) and interleu-
kin-6 (IL-6) were quantified using enzyme-linked 
immunosorbent assay (ELISA) (MyBioSource 
Company; Lot numbers: MBS824943 and 
MBS2019894), and high sensitivity C-reactive 
protein (hs-CRP) in the serum was determined 
using the immunoturbidimetry assay with kit 
from the Beckman Coulter Company of the 
United States (Lot number: 378020). All these 
operations were conducted under strict guide-
lines. Granulation tissue grading: After 28 days 
of treatment, granulation tissue was graded 
and compared. Grade 0: necrosis; grade 1: 
edema; grade 2: pale; grade 3: aging; grade 4: 
healthy [13]. Efficacy: According to the following 
efficacy criteria, the efficacy in the two groups 
was analyzed and compared; Markedly effec-
tive: The symptoms disappeared after treat-
ment, and the wound healed by 70%-100%; 
Effective: The symptoms were relieved and the 
wound healed by 30%-69%; Ineffective: After 
treatment, the symptoms were alleviated, and 
the wound healing was below 30% or the wound 
healing was not improved or even aggravated. 
Overall response rate = (the number of cases 
with markedly effective treatment + that of 
cases with effective treatment)/total cases × 
100%.

Secondary outcome measures: The wound 
healing time, hospitalization time and the inci-
dence of adverse reactions (including nausea 
and vomiting, dizziness, headache, pruritus, 
etc.) in the two groups were recorded and com-
pared. Independent risk factors of poor progno-
sis: The prognosis of the patients within 1 year 
after treatment was analyzed, and the indepen-
dent risk factors of poor prognosis were ana-
lyzed through logistic regression.

Statistical analyses

SPSS22 statistical software was used for sta-
tistical analyses of all the data, and GraphPad 
Prism 8 was used for data visualization. The 

counting data were described by rate, and their 
inter-group comparison was conducted using 
the chi-square test. The measurement data 
were described by Mean ± SD, and their inter-
group comparison was conducted using the  
t test. Independent risk factors affecting  
the prognosis of patients were analyzed by 
logistic regression. P<0.05 suggested a nota-
ble difference.

Results

Comparison of baseline data between the two 
groups

The two groups were not statistically different 
in age, sex, body mass index (BMI), diabetes 
type, Wagner grade and DFI grade (all P>0.05), 
so the two groups were comparable (Table 1). 

Comparison of serum inflammatory factors 
between the two groups

Before treatment, the two groups were not sig-
nificantly different in the levels of TNF-α, hs-
CRP, and IL-6 (all P>0.05), while after treat-
ment, the levels of each decreased significantly 
in both groups (all P<0.05), with notably lower 
levels in the study group than those in the con-
trol group (P<0.05, Figure 1).

Comparison of granulation tissue grade be-
tween the two groups

According to evaluation and comparison of the 
granulation tissue grade between the two 
groups, the study group had a notably lower 
proportion of patients with grade 0/grade 1 
granulation tissue than the control group 
(P<0.05), and had a notably higher proportion 
of patients with grade 2/grade 4 granulation 
tissue than the control group (P<0.05), but the 
proportion of patients with grade 3 granulation 
tissue in the two groups was not significantly 
different (P>0.05, Table 2). 

Comparison of wound healing time and hospi-
talization time between the two groups

According to statistical analysis on wound heal-
ing time and hospitalization time in the two 
groups, the study group experienced notably 
shorter wound healing time and hospitalization 
time than the control group (both P<0.05, 
Figure 2).
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Table 1. Comparison of baseline data between the two groups
Study group (n=43) Control group (n=37) X2 value P value

Age 0.288 0.591
    ≥50 years old 20 15
    <50 years old 23 22
Gender 0.218 0.641
    Male 30 24
    Female 13 13
BMI 0.244 0.622
    ≥23 kg/m2 29 23
    <23 kg/m2 14 14
Diabetes mellitus type 0.013 0.908
    Type I 5 4
    Type II 38 33
Wagner grading 1.014 0.314
    Grade II 15 17
    Grade III 28 20
Classification of diabetic foot infection 0.548 0.459
    Grade II 14 15
    Grade III 29 22
Note: BMI: Body mass index.

Figure 1. Comparison of serum inflammatory factors between the two 
groups. A: TNF-α level in two groups before and after treatment. B: hs-
CRP level in the two groups before and after treatment. C: IL-6 level in the  
two groups before and after treatment. Notes: ***, P<0.001; TNF-α: tumor 
necrosis factor-α; hs-CRP: high sensitivity C-reactive protein; IL-6: interleu-
kin-6.

Efficacy in the two groups

Statistics of efficacy in the two 
groups revealed a notably high-
er overall response rate in the 
study group than that in the 
control group (P=0.030, Table 
3).

Incidence of adverse reactions 
in the two groups

According to statistics of ad- 
verse reactions (nausea, vom-
iting, dizziness, headache, pru-
ritus, etc.) in the two groups, 
the study group was not greatly 
different from the control group 
in terms of the total incidence 
of adverse reactions (P>0.05, 
Table 4).

Analysis of related factors af-
fecting prognosis

The patients were re-grouped 
according to the recurrence 
within one year after treat-
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ment. Patients with recurrence were assigned 
to the poor-prognosis group (n=21) and patients 
without recurrence were included into good-
prognosis group (n=59). Then the differences 
in clinical data between the two groups were 
compared and the data were subjected to uni-
variate analysis. According to the results, BMI, 
DM type, Wagner grading and classification of 
diabetic foot infection were the risk factors 
affecting the prognosis of patients (Table 5). 
The indicators with notable differences in the 
above were assigned (Table 6) and subjected 
to multivariate analysis. According to logistic 
regression analysis, Wagner grading was an 
independent risk factor affecting the patients’ 
prognosis (Table 7).

Discussion

Diabetic mellitus (DM) is a common chronic 
clinical disease. Poor blood glucose control can 

lead to amputation, bringing huge pressure in 
life and economic burden to patients.

Broad-spectrum antibiotics are frequently ado- 
pted in the clinical treatment of DFI, which can 
effectively inhibit the proliferation of various 
pathogenic bacteria. However, because of the 
increasing variety of antibiotics and the diver-
sity of pathogenic bacteria, the probability of 
blind drug use gradually increases, which leads 
to the formation of drug-resistant strains and 
compromises the clinical treatment effect [19, 
20]. Epalrestat is an aldose reductase inhibitor, 
which can inhibit sorbitol aggregation in red 
blood cells and reduce the effect of sorbitol on 
nerve cell function, thus achieving the effect of 
enhancing nerve fiber regeneration and treat-
ing diabetic foot [21]. Li et al. [22] have revealed 
that epalrestat can protect patients from dia-
betic peripheral neuropathy by reducing oxida-
tive stress and inhibiting polyol pathway. This 

Table 2. Granulation tissue grading of the two groups
Group Grade 0 Grade 1 Grade 2 Grade 3 Grade 4
Study group (n=43) 4 (9.30) 6 (13.95) 9 (20.93) 14 (32.56) 10 (23.26)
Control group (n=37) 10 (27.02) 15 (40.54) 2 (5.41) 8 (21.62) 2 (5.41)
χ2 value 4.328 7.262 4.042 1.193 4.970
P value 0.038 0.007 0.044 0.275 0.026

Figure 2. Wound healing time and hospitalization time of the two groups. 
A: Wound healing time of the two groups. B: Hospitalization time of the two 
groups. Notes: **, P<0.01; ***, P<0.001.

easily trigger complications 
[14]. Diabetic foot is a serious 
complication of DM and the 
main culprit of non-traumatic 
amputation [15]. Diabetic foot 
patients are in a state of hyper-
glycemia, and their immune 
function is obviously reduced, 
which can easily induce bacte-
rial infection. Infection is one 
of the crucial factors leading  
to the aggravation of diabetic 
foot. If the early infection is  
not effectively controlled, it  
will spread to the whole body 
quickly and pose a great threat 
to limbs [15, 16]. DFI refers to 
foot ulcer or microcirculation 
ischemia caused by neuropa-
thy and local microangiopathy 
at the distal end of ankle joint, 
accompanied by bacterial in- 
fection [17, 18]. Without effec-
tive control of DFI, serious foot 
gangrene can occur and even 
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study investigated the efficacy of epalrestat on 
patients with DFI and its effects on serum 
inflammatory factors in the patients.

TNF-α is an inflammatory initiator, which can 
participate in inflammatory reactions, induce 
the expression of adhesion factors and pro-
mote vasculitis and can also stimulate mono-
cytes and macrophages to secrete IL-6, thus 
regulating the body’s defense [23]. IL-6 is a cru-
cial pro-inflammatory factor, which is similar to 
TNF-α. Its expression in large quantities in the 

circulation will destroy the immune balance of 
the body, and eventually trigger microcircula-
tion disturbance by inducing platelet aggrega-
tion [24]. Hs-CRP is also a frequently-adopted 
index to evaluate the degree of inflammation 
[25]. In this study, the levels of inflammatory 
factors in the two groups were determined 
before and after treatment. According to the 
results, before treatment, the two groups were 
not significantly different in the levels of TNF-α, 
hs-CRP, and IL-6, while after treatment, the lev-
els in both groups decreased notably, with 

Table 3. Efficacy in the two groups
Group Markedly effective Effective Ineffective Overall response
Study group (n=43) 25 (58.14) 15 (34.88) 3 (6.98) 40 (93.02)
Control group (n=37) 15 (40.54) 13 (35.14) 9 (24.32) 28 (75.68)
χ2 value 4.694
P value 0.030

Table 4. Incidence of adverse reactions in the two groups
Group Nausea and vomiting Dizziness Headache Itchy Total adverse reaction
Study group (n=43) 2 (4.65) 1 (2.33) 1 (2.33) 2 (4.65) 6 (13.96)
Control group (n=37) 4 (10.81) 1 (2.70) 2 (5.41) 3 (8.11) 10 (27.03)
χ2 value 2.124
P value 0.145

Table 5. Univariate analysis of factors affecting prognosis
Good-prognosis group 

(n=59)
Poor-prognosis group 

(n=21) X2 P value

Age 0.02147, 1 0.8835
    ≥50 years old 32 11
    <50 years old 27 10
Gender 0.3958, 1 0.5293
    Male 30 9
    Female 29 12
BMI 23.23, 1 <0.0001
    ≥23 kg/m2 15 18
    <23 kg/m2 44 3
Diabetes mellitus type 21.40, 1 <0.0001
    Type I 10 15
    Type II 49 6
Wagner grading 19.67, 1 <0.0001
    Grade II 48 6
    Grade III 11 15
Classification of diabetic foot infection 12.60, 1 0.0004
    Grade II 35 3
    Grade III 24 18
Note: BMI: Body mass index.
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notably lower levels in the study group than 
those in the control group. The results imply the 
ability of epalrestat to effectively alleviate the 
inflammatory reaction of patients with DFI. 
Sato et al. [26] have also revealed that epalres-
tat suppresses inflammatory response in lipo-
polysaccharide-stimulated RAW264.7 cells and 
targeting the regulation of pro-inflammatory 
cytokine levels and inflammatory mediators by 
epalrestat is a promising therapeutic approach 
to treat inflammatory injury, which strongly  
support the conclusion of the present study. 
Granulation tissue takes a crucial part in wound 
healing [27]. In this study, the granulation tis-
sue grade in the two groups was evaluated and 
compared. The study group had a notably lower 
proportion of patients with grade 0/grade 1 
granulation tissue than the control group, and 
had a notably higher proportion of patients with 
grade 2/grade 4 granulation tissue than the 
control group, but the proportion of patients 
with grade 3 granulation tissue in the two 
groups was not greatly different. The results 
suggest that epalrestat is conducive to granula-
tion tissue structure and epidermal cell regen-
eration, and takes a strong part in wound heal-
ing. For the purpose of understanding the 
wound recovery and hospitalization of the two 
groups, the wound healing time and hospital-
ization time of the two groups were evaluated. 
According to the results, the study group expe-
rienced a significantly shorter wound healing 
time and hospitalization time than the control 

group. This shows that epalrestat is helpful to 
promote wound healing and shorten the hospi-
talization time of patients. In addition, in this 
study, the study group showed a notably higher 
overall response rate than the control group, 
suggesting a significant effect of epalrestat on 
DFI. Finally, the incidence of adverse reactions 
in the two groups was statistically analyzed. 
According to the results, the study group had 
no notable difference with the control group in 
terms of the total incidence of adverse reac-
tions, which indicated that epalrestat is safe 
and effective because it would not bring more 
adverse reactions. According to analysis of the 
factors affecting the prognosis of patients, 
BMI, DM type, Wagner grading and classifica-
tion of diabetic foot infection were the risk  
factors affecting the prognosis of patients. 
According to Logistics regression analysis, 
Wagner grading was an independent risk factor 
affecting the prognosis of patients.

This study has verified the efficacy of epalrestat 
on patients with DFI and its effects on serum 
inflammatory factors in the patients, but it still 
has some limitations. First of all, the limited 
sample size of this study may lead to some 
deviation in the conclusion of the study. 
Secondly, the patients were only followed up for 
one year, so their long-term prognosis is still 
unclear. In addition, there are various drugs for 
the treatment of DFI, but this study did not com-
pare the effects of epalrestat and other drugs 

Table 6. Assignment of the factors
Factors Assignment
BMI <23 kg/m2 =0, ≥23 kg/m2 =1
Diabetes mellitus type Type II =0, Type I =1
Wagner grading Grade II =0, grade III =1
Classification of diabetic foot infection Class II =0, class III =1
Prognosis Good prognosis =0, poor prognosis =1
Note: BMI: Body mass index.

Table 7. Multivariate analysis of factors affecting prognosis

B S.E. Wals df Sig. Exp (B)
95% C.I. of EXP (B)

Lower limit Upper limit
BMI 0.170 .558 0.092 1 0.761 1.185 0.397 3.539
Diabetes mellitus type -1.182 .693 2.911 1 0.088 0.307 0.079 1.192
Wagner grading 1.095 .541 4.093 1 0.043 2.990 1.035 8.637
Classification of diabetic foot infection 0.317 .548 0.334 1 0.563 1.373 0.469 4.020
Note: BMI: Body mass index.
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on DFI. Therefore, we hope to conduct a more 
comprehensive analysis on the effect of epalr-
estat on DFI based on with a larger sample size 
to improve the experimental conclusion.

To sum up, epalrestat can lower the levels of 
serum inflammatory factors, shorten the time 
of wound healing and hospitalization, and  
promote the growth and recovery of granula-
tion in patients with DFI, without increasing 
adverse reactions. Thus it is worthy of clinical 
promotion.
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