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Abstract: Background: The pathogenic triggers of diabetic peripheral neuropathy (DPN) mainly include ischemia
and hypoxic factors. The combined use of Chinese and Western medicine may be a new perspective for the treat-
ment of DPN. Accordingly, this study explores the clinical efficacy and safety of electro-acupuncture (EA) combined
with beraprost sodium (BPS) and a-lipoic acid (a-LA) in the treatment of patients with DPN. Methods: A total of 184
patients with DPN meeting the inclusion criteria were enrolled and divided into electric-acupuncture group (n=54),
medication group (n=62) and combination group (n=68), which were treated by EA, BPS+a-LA, and EA+BPS+a-LA,
respectively. The three groups were compared with respect to the following factors: clinical efficacy; motor conduc-
tion velocities (MCVs) of nervus medianus, nervus peroneus communis and tibial nerve and sensory conduction
velocities (SCVs) of nervus medianus, sural nerve and ulnar nerve before and after treatment; the Toronto Clinical
Scoring System (TCSS), total symptom score (TSS) and Michigan Diabetes Neuropathy Score (MDNS) before and
after treatment; changes of serum homocysteine and cysteine (Cys) levels, oxidative stress indicators and inflamma-
tory factors; incidence of adverse reactions. Results: The overall response rate of the combination group was higher
than that of the electric acupuncture group or the medication group. After treatment, the SCV of nervus medianus,
sural nerve and ulnar nerve and the MCV of nervus medianus, nervus peroneus communis and tibial nerve were the
highest in the combination group among the three groups (P<0.05). After treatment, the scores of TCSS, TSS and
MDNS in the combination group was notably lower than those in the medication group and the electric acupuncture
group (P<0.05). The amelioration of inflammatory factors in the combination group were the best among the three
groups (P<0.05). The incidence of adverse reactions was lower in the combination group compared with the electric
acupuncture group and the medication group (P<0.05). Conclusion: EA combined with BPS and a-LA is effective in
the treatment of DPN, which can effectively reduce the levels of serum inflammatory factors in patients, with a lower
complication rate and higher safety.
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Introduction structure and efficacy of peripheral nerves are
impaired during the progression of diabetes,
leading to related clinical manifestations and
signs [6]. Currently, the mechanism of DPN is

complex and remains undefined. However,

As a metabolic disorder and chronic disease
characterized by chronic hyperglycemia, diabe-
tes is increasing worldwide with the changes of

people’s lifestyle and diet structure [1]. If left
unattended or poorly controlled, it can trigger
persistent hyperglycemia, which in turn leads
to chronic complications to various tissues
such as nerve tissue, glomerulus, retina and
blood vessels and even irreversible damage to
vital organs [2-5]. Diabetic peripheral neuropa-
thy (DPN), one of the various chronic compli-
cations of diabetes, is a disease in which the

scholars at home and abroad believe that it is
a multifactorial mechanism, which involves ab-
normal inositol metabolism causing neural cell
degeneration [7], advanced glycation end-prod-
ucts damaging nerve function [8], endoplasmic
reticulum stress inducing cell apoptosis [9],
nerve calcium homeostasis destruction [10],
abnormal lipid metabolism [11], metabolic in-
flammation [12], and insulin resistance [13].
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Literature has shown that patients with diabe-
tes have a 10-20% chance of developing DPN
at the time of diagnosis [14]. However, the
onset of DPN is insidious and hard to detect,
and the protective sensation is lost due to
peripheral neuropathy, which leads to foot
infection and ulceration, and eventually a high
risk of disability. The all-cause mortality rate
after amputation is as high as 13 percent,
according to statistics [15].

Unfortunately, nerve cells are non-dividing
cells, and their damage is not reversible and
cannot be repaired. So, the current treatment
measures for DPN are mainly symptomatic
treatment, such as controlling blood sugar,
nourishing nerves and improving microcircula-
tion, without an effective treatment [16, 17]. In
recent years, acupuncture and moxibustion of
traditional Chinese medicine has been widely
used in the treatment of DPN, rendering some
certain benefits [18]. As for drug therapies, lipo-
ic acid drugs are often used alone in clinic, but
the efficacy is not ideal. The primary task of
treating DPN is to provide enough energy and
restore blood supply, so, combined drug thera-
py may better play a therapeutic role. Many
studies have shown that electro-acupuncture
(EA) exerts an anti-inflammatory effect on vari-
ous forms of organ dysfunction, including many
diabetic complications [19-21]. Electrical nerve
stimulation has been shown to significantly
reduce the pain of diabetic patients [22]. It has
been recognized by the American Pain Society
and the National Center for Complementary
and Alternative Medicine as an effective treat-
ment used by millions of people to reduce pain
and block inflammation [23]. We hypothesized
that the combination of EA, beraprost sodium
(BPS), and o-lipoic acid (x-LA) might be ann
effective way to treat DPN. Accordingly, we
investigated the clinical efficacy and safety of
EA combined with BPS and o-LA in the treat-
ment of DPN.

Material and methods
Research participants

The clinical data of 184 patients with DPN
treated in the Second Affiliated Hospital of
Hainan Medical University from April 2018 to
May 2020 were retrospectively analyzed. Ac-
cording to different treatment plans, the pa-
tients were divided into the following three
groups: electric acupuncture group (n=54),
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medication group (n=62) and combination gr-
oup (n=68). Inclusion criteria: All the enrolled
patients met the diagnostic criteria for diabe-
tes specified by the American Diabetes Asso-
ciation Standards of Medical Care in Diabetes
2017 [24], with stable and well-controlled blood
sugar and no prior treatment before admission.
Exclusion criteria included peripheral neuropa-
thy caused by hyperosteogeny, multiple sclero-
sis, heredity and trauma, drug-induced or alco-
holic peripheral neuropathy, severe liver and
kidney diseases, and heart diseases. All pa-
tients signed an informed consent form. The
study was approved by the Institutional Board
Review of the Second Affiliated Hospital of
Hainan Medical University.

Treatment methods

All patients received conventional therapy to
control blood sugar and blood pressure within a
reasonable range, with the fasting blood glu-
cose of 5.6-7.0 mmol/L, blood pressure within
130/80 mmHg, and HbA1c of 6.5%-7.0%.

Electric acupuncture (EA) group: patients we-
re treated with electroacupuncture apparatus
(6805-All, (Yue) Medical Device Approval No.
20172260590) and Hwato stainless steel fili-
form needles (Suzhou Medical Appliance Fa-
ctory, specification 0.3x40 mm). Acupoints
selection: Acupoints Zusanli, Taichong, Yang-
lingquan, Sanyinjiao, Hegu, Quchi, Shenmen,
Anmian Zhaohai Shenmai on both sides and
Ophryon, Sishencong were selected. The loca-
tions of the acupoints are shown in Figure 1.
Communication was conducted before acu-
puncture to relieve the anxiety and tension of
the patient. In a quiet treatment area, the
patient was instructed to lie supine on the
treatment bed to fully expose the above acu-
points, and the corresponding obvious sites
were marked with a marker pen. After conven-
tional local disinfection with 75% alcohol, the
above acupoints were needled with the neutral
supplementation and draining method, with
Zusanli, Yanglingquan and Sanyinjiao 1.0-1.5
Cun, Anmian, Hegu and Quchi 0.5-1.0 Cun,
Shenmai and Shenmen 0.3-0.5 Cun, Zhaohai
and Taichong 0.5-0.8 Cun through perpendicu-
lar insertion, Ophryon 0.3-0.5 Cun through
oblique insertion, and Sishencong 0.5-0.8 Cun
through a horizontal insertion. Each acupoint
was applied with manipulations until the arrival
of Qi. Then, the single-side Quchi-Neiguan and
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Figure 1. Location of acupoints.

Yanglingquan-Taichong acupoints were electri-
fied for 30 min (disperse-dense wave, 4 Hz of
disperse wave, 20 Hz of dense wave, and 6 s of
disperse-dense cycle). During needle retaining,
the patient was asked about how he/she felt,
and the procedure was stopped immediately if
there was any special discomfort (such as faint-
ing during acupuncture). Patients were treated
once a day for 2 weeks as a course of treat-
ment for 2 continuous courses, with 2 days’
rest between courses.

Medication group: patients were treated with
a-LA+BPS. BPS tablets (Beijing Taide Phar-
maceutical Co., Ltd., SFDA Approval No. H20-
083589, specifications 40 yg x 10 tablets)
were given, per os, 3 times a day, 40 ug/time.
In addition, a- LA injection (Jiangsu Shenlong
Pharmaceutical Co. LTD, SFDA Approval No.
H20059737, specification: 12 mL: 0.3 g) were
added into 100 ml 0.9% sodium chloride injec-
tion, administered intravenously at 300 mg/d.
The treatment lasted for 2 courses, with 2
weeks as a course of treatment.

Combination group: The above-mentioned EA
and medication were used for combined treat-
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ment. Acupoint selection, operation, dosage,
course of treatment, and medical advice were
exactly the same as those in EA group and
medication group. The treatment time was rea-
sonably arranged.

Endpoints

(1) Electromyography: The motor conduction
velocity (MCV) of tibial nerve, nervus medianus
and nervus peroneus communis and the sen-
sory conduction velocity (SCV) of nervus me-
dianus, ulnar nerve and sural nerve were
measured by an electromyography machine
(MY01400a, Noraxon, USA) at room tempera-
ture using surface electrode stimulation. The
mean of SCV and MCV was taken as the final
measurement result.

(2) Clinical efficacy: Ineffective: the patient’s
symptoms did not change or even worsened,
with no change in SCV and MCV before and
after treatment. Effective: the patient’'s symp-
toms were resolved, with SCV and MCV in-
creased by >3 m/s. Markedly effective: the
symptoms of the patient resolved obviously,
with normal MCV and SCV. Overall response
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Table 1. General information

Electric acupuncture ~ Medication =~ Combination group F p

group (n=54) group (n=62) (n=68)
Gender [n (%)] 0.8031 0.6693

Male 36 (66.7) 38 (61.3) 40 (58.8)

Female 18 (33.3) 24 (38.7) 28 (41.2)
Age (years) 49.84+6.84 51.28+7.37 50.65+7.51 0.5665 0.5685
BMI (kg/m?) 23.41+3.15 24.08+3.84 24.41+4.25 1.0510 0.3516
Course of diabetes mellitus (year) 9.25+2.45 8.84+2.68 9.01+3.06 0.3186 0.7276
HbAlc (%) 8.56+1.97 9.12+2.30 8.89+2.18 0.9716 0.3804
SBP (mmHg) 127.19+15.84 128.31+14.97  127.55+15.23 0.0823 0.9211
DBP (mmHg) 78.84+5.17 79.74+4.92 79.161£5.08 0.4795 0.6199
TC (mmol/L) 4.45+0.87 4.71+£1.06 4.67+0.99 1.1590 0.3161
TG (mmol/L) 1.65+0.43 1.72+0.57 1.63+0.69 0.4159 0.6603
Cr (umol/L) 70.25+8.94 69.49+9.15 71.44+9.08 0.7664 0.4662
Vb12 (pmol/L) 242.84+35.78 248.25+40.64 240.73+41.68 0.6088 0.5451

rate ORR was calculated as (markedly effective
+ effective) cases/total number of cases x
100%.

(3) Toronto Clinical Scoring System (TCSS)
score [25]: The TCSS can reflect the presence
and severity of diabetic peripheral sensorimo-
tor polyneuropathy in patients. The system con-
sists of nerve reflex, nerve symptoms, and sen-
sory test, with a total score of 0-19 points. The
lower the score, the milder the symptoms.

(4) Total symptom score (TSS) [26]: The TSS
was used to evaluate the conscious symptoms
of neuropathy in patients. The questionnaire
covers four symptoms of pain, burning, pares-
thesia, and numbness, which are scored ac-
cording to the severity and frequency of symp-
toms. Each score ranges from O to 3.66 points,
with a total score of 14.64 points. The higher
the score, the more serious the clinical symp-
toms.

(5) Michigan Diabetes Neuropathy Score (MD-
NS) [27]: As we know, scoring patients over a
period of time can assess the progression of a
disease. In this study, the MDNS was used to
determine the presence of peripheral neuropa-
thy. The score includes vibration sensation at
the dorsum of the great toe, muscle strength of
distal extremities and tendon reflex scores,
with a total score of 0-46 points.

(6) Serum-related indexes: Serum levels of
homocysteine (Hcy) and cysteine (Cys) and in-
flammatory factors high-sensitivity C-reactive
protein (hs-CRP), tumor necrosis factor-o (TNF-
«), interleukin-6 (IL-6) in patients before and
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after treatment were detected by special instru-
ments and equipment in the clinical labora-
tory.

(7) Adverse reactions: Adverse reactions such
as diarrhea, nausea, retching, and pruritus
were recorded.

Statistical processing

Graphpad Prism 8.0 software was used to ana-
lyze the data statistically and draw charts.
Continuous variables were expressed as mean
+ standard deviation. The difference between
two groups was compared using two-tailed
Student’s t-tests and that among multiple gr-
oups was compared using one-way ANOVA.
Bonferroni’s correction was used for post-hoc
multiple comparisons. Categorical variables
were described as percentage (%) and analyzed
by Chi-square test. P<0.05 indicated a signifi-
cant difference.

Results
General data of patients in the three groups

The general data were similar in the three
groups, which were comparable. See Table 1.

Comparison of clinical efficacy

The overall response rate was 92.7% in the
combination group, which was higher than the
overall response rate of 70.4% in the electric
acupuncture group and 80.7% in the medica-
tion group (P<0.05, Table 2).
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Table 2. Clinical efficacy

Markedly effective Effective Ineffective Overall response rate

Electric acupuncture group (n=54) 17 (31.5) 21 (38.9) 16 (29.6) 38 (70.4)
Medication group (n=62) 28 (45.2) 22 (35.5) 12(19.3) 50 (80.7)
Combination group (n=68) 45 (66.2) 18 (26.5) 5(7.3) 63 (92.7)"*
Medication group vs Electric acupuncture group x?=1.6641, P=0.1971

Combination group vs Electric acupuncture group ¥x?>=10.4810, P=0.0012

Combination group vs Medication group x°=4.1101, P=0.0426

“P<0.05 vs Electric acupuncture group; *P<0.05 vs Medication group.

Table 3. SCVs of nervus medianus, ulnar nerve, and sural nerve

Nervus medianus Sural nerve Ulnar nerve
Before After Before After Before After
treatment  treatment treatment  treatment treatment  treatment
Electric acupuncture group (n=54) 39.51+2.58  47.45+3.25 37.56+2.28 45.84+2.79 38.94+2.97 50.87+4.04
Medication group (n=62) 38.94+2.84 53.84+3.16" 38.07+2.11 51.07+2.64" 39.48+3.23 56.81+3.61"
Combination group (n=68) 40.08+3.76 59.07+3.55""  37.84+2.03 56.71+2.94"% 39.04+3.17 60.97+3.77"*

Medication group vs Electric acupuncture group t=1.1249, t=10.7207, t=1.2507, t=10.3651, t=0.9323, t=8.3627,
P=0.2630 P<0.0001 P=0.2136 P<0.0001 P=0.3532 P<0.0001

Combination group vs Electric acupuncture group t=0.9379, t=18.2864, t=0.6997, 1=20.3387, t=0.1745, t=13.9207,
P=0.3503 P<0.0001 P=0.4855 P<0.0001 P=0.8618 P<0.0001

Combination group vs Medication group t=1.9050, t=8.6678, t=0.6185, t=11.2390, t=0.7655, t=6.2755,
P=0.0591 P<0.0001 P=0.5374 P<0.0001 P=0.4454 P<0.0001

“P<0.05 vs Electric acupuncture group; “P<0.05 vs Medication group.

Table 4. MCVs of nervus medianus, nervus peroneus communis, and tibial nerve

Nervus medianus Nervus peroneus communis Tibial nerve
Before After Before After Before After
treatment  treatment treatment treatment treatment  treatment
Electric acupuncture group (n=54) 41.64+3.74 43.58+2.84 40.15+3.06 42.97+2.74 40.47+1.84 43.84+3.68
Medication group (n=62) 42.06+3.87 46.84+3.09" 39.94+3.23 45.05+2.37" 40.01+£1.76  46.71+3.19"
Combination group (n=68) 41.94+3.51 49.87+2.67"* 40.87+£3.47 48.94+2.88"* 39.87+2.26 50.38+3.07"*
Medication group vs Electric acupuncture group t=0.5922, t=5.8843, t=0.3579, t=4.3844, t=1.3747, t=4.4998,
P=0.5549 P<0.0001 P=0.7211 P<0.0001 P=0.1719 P<0.0001
Combination group vs Electric acupuncture group  t=0.4454, t=12.2865, t=1.1772, t=11.3904, t=1.5532, t=10.4340,
P=0.6569 P<0.0001 P=0.2415 P<0.0001 P=0.1231 P<0.0001
Combination group vs Medication group t=0.1808, t=5.8422, t=1.5447, t=8.2122, t=0.3848, t=6.5271,
P=0.8567 P<0.0001 P=0.1250 P<0.0001 P=0.7010 P<0.0001

"P<0.05 vs Electric acupuncture group; *P<0.05 vs Medication group.

SCVs of nervus medianus, sural nerve, and MCVs of nervus medianus, nervus peroneus
ulnar nerve before and after treatment communis, and tibial nerve before and after
treatment

The SCV of nervus medianus, sural nerve, .
The MCV of nervus medianus, nervus peroneus

and ulnar nerve was not statistically different . . . N

the th bef treat ; communis and tibial nerve differed insignifi-
among the three groups before treatmen cantly among the three groups before treat-
(P>0.05). After treatment, the SCV of nervus ment (P>0.05). After treatment, the MCV of
medlanus', sural nerve, and ulnar nerve in- nervus medianus, nervus peroneus communis
creased in all the three groups, and the and tibial nerve elevated, and the increase was
increase was most evident in the combination most evident in the combination group, follow-
group, followed by the medication group and ed by the medication group and the electric
the electric acupuncture group successively acupuncture group successively (P<0.05). See
(P<0.05). See Table 3. Table 4.
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Table 5. TCSS, TSS and MDNS scores

TCSS scores TSS scores MDNS scores
Before After Before After Before After
treatment  treatment treatment treatment treatment treatment
Electric acupuncture group (n=54) 10.64+2.15 8.57+1.13 9.74+1.46  8.09+1.18 28.84+4.12 21.26+3.14
Medication group (n=62) 11.08+2.64 5.84+1.38" 10.24+1.33 5.46+1.29" 28.24+4.61 18.27+3.05"
Combination group (n=68) 10.87+2.39 5.31+1.51"# 9.98+1.21 5.03+1.01"* 28.57+4.43 17.31+1.14"#
Medication group vs Electric acupuncture group t=0.9749, t=11.5493, t=1.9298, t=11.3939, t=0.7344, 1=5.1948,
P=0.3316 P<0.0001 P=0.0561 P<0.0001 P=0.4642 P<0.0001
Combination group vs Electric acupuncture group t=0.5416, t=13.0046, t=0.9679, t=15.0498, t=0.3382, t=9.2358,
P=0.5892 P<0.0001 P=0.3351 P<0.0001 P=0.7358 P<0.0001
Combination group vs Medication group t=0.4643, t=2.0401, t=1.1386, t=1.8744, t=0.4065, t=2.3215,
P=0.6432 P=0.0434 P=0.2571 P=0.0409 P=0.6851 P=0.0219

“P<0.05 vs Electric acupuncture group; “P<0.05 vs Medication group.
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Figure 2. Serum Hcy and Cys levels. A: Hey levels; B: CysC levels; "P<0.05 vs electric acupuncture group; #P<0.05

vs medication group.

TCSS, TSS and MDNS scores before and after
treatment

Before treatment, there was no significant dif-
ference in TCSS, TSS and MDNS scores among
the three groups (P>0.05). After treatment, all
the three scores decreased, and the decreases
were more significant in the medication group
and the combination group compared with the
electric acupuncture group (P<0.05). See Table
5.

Serum Hcy and CysC levels before and after
treatment

Hcy and CysC were not statistically different
among the three groups before treatment
(P>0.05). After treatment, Hcy and CysC de-
creased, and the decreases were most signifi-
cant in the combination group, followed in a
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descending order by the medication group and
the electric acupuncture group (P<0.05). See
Figure 2.

Oxidative stress before and after treatment

The oxidative stress indexes superoxide dis-
mutase (SOD) and glutathione (GSH) were not
significantly different among the three groups
before treatment (P<0.05). After treatment,
SOD and GSH increased, and the increases
were most distinct in the combination group,
followed in a descending order by the medica-
tion group and the electric acupuncture group
(P<0.05). See Table 6.

Serum inflammatory factors before and after
treatment

hs-CRP, TNF-«, and IL-6 levels were not statisti-
cally different among the three groups before
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Table 6. Oxidative stress indicators

SOD (U/L) GSH (ng/L)
Before treatment  After treatment  Before treatment  After treatment
Electric acupuncture group (n=54) 30.54+4.19 34.81+3.85 79.84+5.14 84.64+6.01
Medication group (n=62) 31.05+4.42 36.71+3.48" 80.51+5.69 87.04+5.39"
Combination group (n=68) 30.87+4.37 39.48+3.04"# 80.14+5.53 89.47+5.51"#
Medication group vs Electric acupuncture group t=0.6350, t=2.7915, t=0.6615, t=2.2673,
P=0.5267 P=0.0062 P=0.5096 P=0.0253
Combination group vs Electric acupuncture group t=0.4135, t=7.2925, t=0.3011, t=4.5144,
P=0.6800 P<0.0001 P=0.7638 P<0.0001
Combination group vs Medication group t=0.2280, t=4.7202, t=0.3672, 1=2.4824,
P=0.8200 P<0.0001 P=0.7141 P=0.0144
“P<0.05 vs Electric acupuncture group; “P<0.05 vs Medication group.
A B @# Electric acupuncture
@# Electric acupuncture - P
o == Medication
== Medication .
80+ Combination 100+ ScHIENIE N
804
= 51 5
4 g 60
o - Pl
- ?
o w404
* 4
< 204 =
204
0- 0-
\
N O
G ()
& &
& o
W& &
I &
¢° &°
)
C % Electric acupuncture
== Medication
50+ Combination
404
% 304 Figure 3. Serum inflammatory factor levels. A: hs-
£ CRP levels; B: TNF-a levels; C: IL-6 levels; “P<0.05
@ 50- vs electric acupuncture group; *P<0.05 vs medica-
- tion group.
10+
0-
~
e’(\
&
P
&
&
\O
<*

treatment (P>0.05). After treatment, the three
indexes reduced, and the reductions were most
significant in the combination group, followed
by the medication group and the electric acu-
puncture group successively (P<0.05). See
Figure 3.
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Incidence of adverse reactions

The numbers of cases developing diarrhea,
nausea, retching and pruritus in the electric
acupuncture group were 2, 2, 1, and 4 respec-
tively, and that in the medication group were 2,
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Table 7. Incidence of adverse reactions

Diarrhea

Electric acupuncture group (n=54)

Medication group (n=62)

Combination group (n=68)

Medication group vs Electric acupuncture group
Combination group vs Electric acupuncture group
Combination group vs Medication group

Nausea Retching Pruritus  Total incidence
2(3.7) 1(1.9) 4(7.4) 9 (16.7)
2(3.2) 2(3.2) 3(4.8) 9 (14.4)
1(1.5) 1(1.5) 1(1.5) 3(4.5)"*

x?*=0.1018, P=0.7497
x?=5.0971, P=0.0240
x?=3.9521, P=0.0468

“P<0.05 vs Electric acupuncture group; “P<0.05 vs Medication group.

2, 2, and 3, respectively. In the combination
group, there were O case of diarrhea, and 1
case each of nausea, retching, and pruritus.
The incidence of adverse reactions in the com-
bination group (4.5%) was significantly lower
than that in the electric acupuncture group
(16.7%) and the medication group (14.4%) (P<
0.05). See Table 7.

Discussion

The main symptoms of DPN patients are numb-
ness and pain in the distal limbs, which ad-
versely affect the lives of patients. At present,
the treatment of DPN mainly includes antioxi-
dant drugs, vasodilators, nutraceuticals, and
analgesics [28], but the treatment effect is not
ideal. Therefore, a search for effective treat-
ment regimens to control DPN is necessary.

In this study, the clinical efficacy and safety of
EA combined with BPS and o-LA in the treat-
ment of DPN were investigated. The results
indicated that the overall response rate of the
combination group was higher than that of the
electric acupuncture group or the medication
group. Long-term hyperglycemia and blood lipid
metabolism abnormalities will significantly
reduce the free radical scavenging rate of the
body, which leads to excessive production of
free radicals, resulting in damage to neuronal
DNA, proteins, and lipids of patients and hin-
dering axonal transport and signal transmis-
sion. Oxidative stress can also reduce the level
of neurotrophins and weaken the repair and
regeneration ability of damaged nerve fibers
[29, 30]. a-LA is a multifunctional antioxidant,
which can not only effectively remove oxygen
free radicals in the body and delay cell senes-
cence, but also increase the blood flow of blood
vessels of trophic nerves [31]. As for BPS, it is
an activated PGI2 analogue that improves the
vasodilation function of blood vessels with
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weakened diastolic function [32]. The function
of EA is that current passing through specific
acupoints can make local muscle tissues in a
long-term excited state, thus enhancing the
clinical effect [33]. After treatment, the SCV of
nervus medianus, ulnar nerve, sural nerve, and
the MCV of nervus medianus, nervus peroneus
communis and tibial nerve in the combination
group were the best among the three groups,
followed in descending order by the medication
group and the electric acupuncture group. The
scores of TCSS, TSS and MDNS, moreover,
were the lowest in the combination group. The
underlying reason may be that after a-LA scav-
enged the pathogenic free radicals, the lipid
oxidation in nerve tissue isreduced, the func-
tion of vascular endothelial cells in trophic
nerves is improved. The recovery of endothelial
cell function improved the nutritional status of
peripheral nerves, which in turn improved the
nerve conduction velocity. In addition, BPS tab-
lets can validly increase the blood flow of tro-
phic nerves of lower limbs, improve local micro-
circulation, thus ensuring the homeostasis of
the distal end of the affected limb. The effect of
EA may lie in activating the central descending
inhibitory system and inhibiting the central sen-
sitization of spinal dorsal neurons. Therefore,
the effect of the three combined is better.
Further, we observed that the ameliorateion of
inflammatory factors hs-CRP, TNF-a, IL-6 and
serum Hcy and Cys in the combination group
was the most significant among the three
groups, followed by the medication group and
the electric acupuncture group successively.
Hcy is an a amino acid, which is not one of the
20 amino acids that constitute proteins need-
ed by the human body, but an intermediate
metabolite produced after the conversion of
methionine to methyl. Studies [34, 35] have
found that Hcy can destroy vascular endothelial
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cells, induce proliferation of smooth muscle
cells, produce oxidative stress, and damage
coagulation and lipid metabolism, ultimately
leading to vascular damage. In addition, evi-
dence has shown that Hcy is an independent
risk factor for DPN [36]. Cystatin C (CysC), also
known as y-microprotein, is a member of the
Cys, which can inhibit cysteine activity. Almost
all nucleated cells can consistently produce
CysC, which is metabolically cleared in the kid-
ney and is a recognized marker of kidney injury
[37]. Correlated with Hcy, CysC can increase
the level of Hey and lead to vascular and nerve
injury [38]. Also, the pathogenesis of DPN is
complex, which may be related to abnormal
inflammatory response and other factors. The
inhibition of vascular endothelial inflammatory
response caused by abnormal level of inflam-
matory factors due to long-term hyperglycemia
plays an important role in its release process
[39]. hs-CRP [40] is an acute phase protein syn-
thesized by hepatocytes. It is a non-specific
inflammatory response marker and is widely
used in the detection of inflammatory diseases.
TNF-a [41] is an inflammatory factor produced
and released by macrophages and lympho-
cytes. IL-6 [42] is a prototypical cytokine for
maintaining homeostasis. Therefore, decreas-
ing serum hs-CRP, TNF-a, and IL-6 levels and
inhibiting vascular endothelial inflammatory
response is a new way to treat DPN. In our
study, EA combined with drugs can reduce the
levels of both and protect the patient’s neuro-
logical function. Finally, the lowest incidence of
adverse reactions was determined in combina-
tion group, indicating that the combined treat-
ment had better safety.

To sum up, EA combined with BPS and a-LA can
effectively restore the nerve conduction veloci-
ty of patients with DPN, improve their neurolo-
gical function, and reduce the inflammatory
response, with higher efficacy and safety, which
is a feasible scheme worthy of clinical use.

This study still has some limitations due to its
design. The retrospective nature of analysis
does not allow randomization of patients in
each group so that the similarity of patients in
groups is jeopardized. In addition, the sample
size may be too small to detect a difference
between groups. Therefore, a well-designed,
randomized, and controlled trial with prospec-
tive data collection and sample size calculation
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is needed to confirm the findings in our study
and to examine the efficacy and safety of EA
combined with BPS and «-LA in the treatment
of DPN.
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