
345

NEURAL REGENERATION RESEARCH 
February 2016,Volume 11,Issue 2 www.nrronline.org

RESEARCH ARTICLE

Epalrestat protects against diabetic peripheral 
neuropathy by alleviating oxidative stress and 
inhibiting polyol pathway

*Correspondence to:
Hong-ying Yang, M.D., 
yyh8657@163.com.

orcid: 
0000-0001-6740-880X
(Hong-ying Yang)

doi: 10.4103/1673-5374.177745

http://www.nrronline.org/

Accepted: 2015-12-22

Qing-rong Li1, Zhuo Wang1, Wei Zhou2, Shou-rui Fan1, Run Ma1, Li Xue1, Lu Yang1, Ya-shan Li2, Hong-li Tan2, Qing-hua Shao2, 
Hong-ying Yang1, *

1 Second Affiliated Hospital of Kunming Medical University, Department of Clinical Laboratory, Kunming, Yunnan Province, China 
2 Third People’s Hospital of Yunnan Province, Kunming, Yunnan Province, China
  

How to cite this article: Li QR, Wang Z, Zhou W, Fan SR, Ma R, Xue L, Yang L, Li YS, Tan HL, Shao QH, Yang HY (2016) Epalrestat protects 
against diabetic peripheral neuropathy by alleviating oxidative stress and inhibiting polyol pathway. Neural Regen Res 11(2):345-351.

Funding: The present study was supported by a grant from the National Natural Science Foundation of China, No. 81060141.

Abstract
Epalrestat is a noncompetitive and reversible aldose reductase inhibitor used for the treatment of diabetic neuropathy. This study assumed 
that epalrestat had a protective effect on diabetic peripheral nerve injury by suppressing the expression of aldose reductase in peripheral 
nerves of diabetes mellitus rats. The high-fat and high-carbohydrate model rats were established by intraperitoneal injection of strepto-
zotocin. Peripheral neuropathy occurred in these rats after sustaining high blood glucose for 8 weeks. At 12 weeks after streptozotocin 
injection, rats were intragastrically administered epalrestat 100 mg/kg daily for 6 weeks. Transmission electron microscope revealed that the 
injuries to myelinated nerve fibers, non-myelinated nerve fibers and Schwann cells of rat sciatic nerves had reduced compared to rats with-
out epalrestat administuation. Western blot assay and immunohistochemical results demonstrated that after intervention with epalrestat, 
the activities of antioxidant enzymes such as superoxide dismutase, catalase and glutathione peroxidase gradually increased, but aldose re-
ductase protein expression gradually diminished. Results confirmed that epalrestat could protect against diabetic peripheral neuropathy by 
relieving oxidative stress and suppressing the polyol pathway. 

Key Words: nerve regeneration; peripheral nerve injury; streptozotocin; reactive oxygen species; diabetic neuropathy; oxidative stress; aldose 
reductase; antioxidant enzymes; polyol pathway; aldose reductase inhibitor; superoxide dismutase; catalase; glutathione peroxidase; rats; NSFC 
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Graphical Abstract

Does epalrestat protect against diabetic peripheral neuropathy by alleviating oxidative stress? 

Introduction
As one of the most common complications of diabetes mel-
litus (DM), diabetic peripheral neuropathy (DPN) has long 
been a topic of research (Obrosova, 2009). Up-regulation 
of the polyol and hexosamine pathways and increases in the 
levels of non-enzymatic glycation products and activity of 
protein kinase C are responsible for the occurrence of dia-
betic complications (Brownlee, 2005). However, inhibition 

of those pathways and enzymes has not provided the expect-
ed outcomes. Banting laureate, Prof. Brownlee, recently pro-
posed the theory that excess reactive oxygen species in the 
mitochondria is the major cause of diabetic complications 
(Brownlee, 2005). 

Oxidative stress is manifested as a series of reactions ini-
tiated by an imbalance between oxidative substances and 
antioxidant capacity, which is accompanied by an increase 
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in reactive oxygen species production and impaired anti-
oxidative defenses (Singh et al., 2014). Oxidative stress is 
widely accepted as a key mediator in the development and 
progression of diabetic complications (Babizhayev et al., 
2014). Clarifying the changes in the concentrations, activi-
ties and distribution of antioxidant defenses during diabetic 
peripheral neuropathy is important to direct therapy (Vin-
cent et al., 2013). Diabetic hyperglycemia can activate the 
polyol pathway (Tarr et al., 2013), which converts glucose 
into sorbitol by the rate-limiting enzyme, aldose reductase. 
Sorbitol can be converted into fructose via fructose reduc-
tase (Obrosova, 2009) but the absence of fructose kinase 
in peripheral nervous tissue results in the accumulation of 
sorbitol causing intracellular hypertonia and inhibits ino-
sitol uptake (Schemmel et al., 2010). Intracellular inositol 
becomes exhausted, resulting in edema, demyelination and 
necrosis of peripheral nerves (Polak et al., 2013). 

The aim of the current study was to evaluate the effects of 
epalrestat, an aldose reductase inhibitor (ARI), on oxidative 
stress and changes in aldose reductase in streptozotocin‑in-
duced DM. It was proposed that epalrestat could prevent 
peripheral nerve injury through inhibition of antioxidant 
enzymes and aldose reductase expressions in the peripheral 
nerves of rats. Subsequent analysis would add to an objective 
evaluation of diabetic peripheral neuropathy.

Materials and Methods
Animals 
Seventy-six 8-week-old male Sprague-Dawley rats weigh-
ing 170–190 g were purchased from the Laboratory Animal 
Center of Kunming Medical University of China (license No. 
SYXK (Dian) K2015-0002). The rats were housed in cages 
for at least 1 week for choosing healthy rats.

The investigation conformed to the Guide for the Care and 
Use of Laboratory Animals published by the US National 
Institutes of Health (NIH publication No. 85‑23, revised in 
1996). Animal experiments followed the ethical standards 
approved by the Research Ethics Committee of Kunming 
Medical University of China. 

In the first week, the rats were randomly divided into a 
control group (n = 30) and a DM group (n = 46). Rats in the 
DM group were treated with high-fat and high-sugar diet for 
4 weeks, and injected with streptozotocin at 4 and 8 weeks. 
Twelve weeks later, the above two groups were divided into 
four groups: non-diabetes mellitus (nDM) (ARI−) group (n = 
15; nDM rats without epalrestat administration), nDM (ARI+) 
group (n = 15; nDM rats with epalrestat administration), DPN 
(ARI−) group (n = 20; DPN rats without epalrestat administra-
tion), and DPN (ARI+) group (n = 26; DPN rats with epalrestat 
administration). 

Establishment of DPN models and drug administration 
The DM group consisted of 46 rats that were treated with 
high-fat and high-sugar diet for 4 weeks. Food composition 
was 32% carbohydrate, 28% fat, 17% protein and 23% other 
to induce insulin resistance. The rats were intraperitoneally 
injected twice with streptozotocin dissolved in citric acid-so-

dium citrate buffer (Sigma-Aldrich, St. Louis, MO, USA). 
The first injection (25 mg/kg body weight) was conducted 
after 4 weeks and the second injection (40 mg/kg body 
weight) was conducted after 8 weeks on the diet  (Islam and 
Choi, 2007). Blood glucose was obtained by repeated needle 
puncture of the tail tip veins to determine hyperglycemia. 
Blood glucose concentrations were determined using Bayer 
Glucometer Elite® and compatible blood glucose test strips 
(Bayer, Pittsburgh, PA, USA). Rats with a blood glucose level 
> 16 mM were considered DM group and those with blood 
glucose level < 16 mM were considered non-diabetic group 
(Chen et al., 2015). 

Twelve weeks after the streptozotocin induction, all rats un-
derwent an electrophysiological examination to check that the 
rats suffered from DPN. Blood samples were obtained by re-
peated needle puncture of the tail tip veins (Jin et al., 2012) to 
measure serum insulin, glycated hemoglobin and cholesterol 
levels to check whether insulin resistance had occurred. Serum 
insulin was determined with an electrochemical immunoas-
say. The equation for serum insulin resistance was the fasting 
blood glucose × fasting serum insulin/22.5. The glycated 
hemoglobin and cholesterol levels were measured (Olympus 
5421 instrument, Olympus Corporation, Tokyo, Japan). The 
nDM (ARI+) group and DPN (ARI+) group (after they exhib-
ited DNP) were fed with an ARI, epalrestat, by gavage (100 
mg/kg/d) intraperitoneally for 6 weeks. After 6 weeks of ARI 
treatment, all rats were killed, and the sciatic nerves were rap-
idly removed from the right legs and placed in a freezing tube.

Serum total cholesterol, triglyceride, high-density 
lipoprotein cholesterol and low-density lipoprotein 
cholesterol 
Blood samples were collected from the femoral artery of 
rats at week 12 following streptozotocin injection and were 
transferred to sterilized centrifuge tubes (Pedchenko and 
Malakhov, 1991). The samples were centrifuged at 4,000 × g 
for 5 minutes to obtain the serum and stored in a freezer for 
later analysis of total cholesterol, triglyceride, high-density 
lipoprotein cholesterol, and low-density lipoprotein choles-
terol. They were measured by an enzymatic method of the 
automatic biochemical analyzer (Rainwater et al., 1995).

Neurophysiological examination
At 12 weeks after the second streptozotocin injection, strepto-
zotocin-induced and control rats were anesthetized with 10% 
chloral hydrate (300 mg/kg body weight) and neuropathy 
measured with an electric stimulator (SDZ-V, Suzhou Med-
ical Instrument Co., Ltd., Suzhou, China) and muscle power 
amplifier (AD Instruments, Sydney, Australia) (Zhang et al., 
2008). The right sciatic nerve was stimulated proximally at 
the level of the sciatic notch and distal right side of the foot 
with an input electrode. A reference electrode was located in 
the rat’s tail. The rats were treated with an electrical stimu-
lation signal with a pulse width of 0.1 ms and stimulation 
intensity 1.5 times the threshold. The body temperature was 
automatically maintained at a mean rectal temperature of 
37.5–37.9°C. The computer recorded the time of the action 
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potentials, respectively, from the stimulated nerves to the distal 
muscle. We repeated electrical stimulation three times, each 
with a time interval of 1 minute, and took the average value. 

Transmission electron microscope observations
The rats were killed at 6 weeks of ARI treatment. The sciatic 
nerves of DM rats were excised and subdivided into small 
samples for transmission electron microscopy (JEM-1011, 
JEOL, Tokyo, Japan). The sciatic nerves of DM rats were 
rinsed three times with cacodylate buffer, fixed in 1% osmi-
um tetroxide for 2 hours at room temperature, rinsed with 
cacodylate buffer three times again, and placed in buffer 
overnight. The samples were then dehydrated in 30%, 50%, 
70%, 90% alchohol and 70% acetone, embedded in resin, 
cut into small sections, and stained with 2% uranyl acetate 
for 30 minutes, rinsed with distilled water, stained with 2% 
uranyl acetate for 30 minutes, rinsed with distilled water and 
lead citrate for an additional 30 minutes and rinsed with 
distilled water. The above samples were examined with an 
accelerating voltage of 80 kV. 

Protein expression measured by western blot assay 
Sciatic nerve proteins from each group were separated on 
12% polyacrylamide gels and transferred to a polyvinylidene 
difluoride membrane. These membranes were incubated for 
2 hours at room temperature in 3% bovine serum albumin. 
The primary polyclonal antibodies were rabbit anti-rat al-
dose reductase (37 kDa), glutathione peroxidase 1 (GPX, 22 
kDa), superoxide dismutase (SOD, 18 kDa), catalase (CAT, 
60 kDa) (1:1,000, 1:5,000, 1:1,000, 1:2,000; Abcam, Cam-
bridge, MA,USA). The membranes were incubated with 
primary antibodies overnight at 4°C and with secondary an-

Figure 1 Effects of epalrestat, an ARI, on the ultrastructure of sciatic nerve cells in DM rats. 
Pathological changes at various stages of DM induced by streptozotocin. Sciatic nerves were analyzed using electron microscopy. (Scales: A, D: left 
and right, 2 μm; B: left 2 μm, right 5 μm; C: left 2 μm, right 10 μm). (A, B) The nDM (ARI−) and nDM (ARI+) groups: myelinated nerve fiber layers 
are clear, myelin sheath structure is smooth, full, and complete without distorting variant form. Schwann cell membrane is intact; the nucleus is 
clearly visible and the nuclear membrane is unbroken. (C) DPN (ARI−) group: myelin sheath cells become deranged in the medullated fibers of sci-
atic nerves; shrinkage, deformity and inhomogeneity can be observed in neurites. Structures of Schwann cells is blurred and vacuoles degenerated, 
but the integrity of cell membrane was not lost. Cells of non-myelinated nerves swelled, with the presence of irregular morphology and widened 
cellular spaces. Schwann cells have shrunk. (D) DPN (ARI+) group: pathological structures of neurites and myelin are significantly improved after 
treatment with epalrestat. Deranged myelin sheath cells recover and Schwann cell swelling is attenuated. DM: Diabetes mellitus; nDM: non-diabe-
tes mellitus; DPN: diabetic peripheral neuropathy; ARI: aldose reductase inhibitor. 
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Table 1 Basic profile of rats in the diabetes mellitus group (week 12 
following model establishment) and control group

Control group 
(n = 30)

Diabetes mellitus group 
(n = 46)

Body weight (g) 255.76±96.93 482.90±24.90*

Blood glucose (mM) 5.87±0.84 18.83±6.82*

Fasting insulin (mIU/L) 29.94±2.63 39.51±1.60*

Insulin sensitivity index 5.77±0.79 42.92±4.35*

Glycated hemoglobin (%) 5.77±0.33 6.67±0.28*

HDL-C (mM) 0.58±0.08 0.64±0.04

LDL-C (mM) 0.42±0.13 0.78±0.07*

Triglyceride (mM) 0.86±0.48 1.80±0.30*

Total cholesterol (mM) 1.10±0.20 1.53±0.18*

Data are expressed as the mean ± SEM, with five rats in each group, 
one-way analysis of variance and the least significant difference post hoc 
test were used. *P < 0.05, vs. the control group. HDL-C: High-density 
lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol.

tibody (goat anti-rabbit IgG, monoclonal antibody; 1:15,000; 
Zhongshan Golden Bridge Biotechnology Co., Ltd., Beijing, 
China) over 2 hours at room temperature. After three washes 
in Tris-buffered saline with Tween, immunoreactive com-
plexes were visualized using an enhanced chemilumines-
cence system (Bio-Rad, Hercules, CA, USA). β-Actin served 
as an internal positive control. 

Immunohistochemistry
Samples were fixed in 4% paraformaldehyde, dehydrated in 
ascending alcohols and embedded in paraffin. Serial sections 
were cut from a paraffin block. The following primary anti-
bodies were used: rabbit anti-rat aldose reductase (37 kDa), 
GPX (22 kDa), SOD superoxide dismutase (18 kDa), catalase 
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Figure 2 Effects of epalrestat, an ARI, on SOD activity in sciatic nerve of DM rats. 
(A) Western blot assay of SOD protein levels in sciatic nerves in nDM (ARI−) group, nDM (ARI+) group, DPN (ARI−) group and DPN (ARI+) 
group. (B) Relative density (SOD/β-actin gray Value) of SOD in nDM (ARI−) group, nDM (ARI+) group, DPN (ARI−) group and DPN (ARI+) 
group. Western blot assay showed that SOD protein levels were lower in the DPN (ARI−) group than in the nDM (ARI−) group. SOD protein levels 
were higher in the DPN (ARI+) group compared with DPN (ARI−) group (*P < 0.05; data are expressed as the mean ± SEM, with five rats in each 
group, one-way analysis of variance and the least significant difference post hoc test were used). No significant difference in SOD protein levels was 
found between the nDM (ARI−) and nDM (ARI+) groups (P > 0.05). (C) Pathological changes at various stages of DM induced by streptozotocin. 
Immunohistochemical results showed that SOD-positive signals were mainly expressed in the cytoplasm and cell membranes, particularly Schwann 
cell nucleus, Schwann cytoplasm and myelin sheath (× 40, arrows indicate the position of SOD-positive cells). DM: Diabetes mellitus; nDM: 
non-diabetes mellitus; DPN: diabetic peripheral neuropathy; ARI: aldose reductase inhibitor; SOD: superoxide dismutase. 

Figure 3 Effects of epalrestat, an ARI, on CAT activity in sciatic nerve of DM rats. 
(A) Western blot assay of CAT protein levels in sciatic nerves in nDM (ARI−) group, nDM (ARI+) group, DPN (ARI−) group and DPN (ARI+) group. (B) 
Relative density (CAT/β-actin gray value) of CAT in nDM (ARI−) group, nDM (ARI+) group, DPN (ARI−) group and DPN (ARI+) group. CAT activity 
was lower in the DPN (ARI−) group compared with the nDM (ARI−) group (P < 0.05). CAT protein levels were higher in the DPN (ARI+) group than 
in the DPN (ARI−) group (*P < 0.05; data are expressed as the mean ± SEM, with five rats in each group, one-way analysis of variance and the least 
significant difference post hoc test). No significant difference in CAT activity was found between the nDM (ARI−) and nDM (ARI+) groups (P > 0.05). (C) 
Pathological changes at various stages of DM induced by streptozotocin. Immunohistochemical results showed that CAT expressed in the cytoplasm 
and cell membranes, particularly Schwann cell nucleus, Schwann cytoplasm and myelin sheath (× 40, arrows indicate the position of CAT-positive 
cells). DM: Diabetes mellitus; nDM: non-diabetes mellitus; DPN: diabetic peripheral neuropathy; ARI: aldose reductase inhibitor; CAT: catalase.  

(60 kDa; 1:1,000, 1:5,000, 1:1,000, 1:2,000; Abcam). The 
sections were incubated with primary antibody overnight 
at 4°C, and then incubated with goat anti-rabbit secondary 
antibody (1:15,000; Zhongshan Golden Bridge Biotechnol-
ogy) for 2 hours at room temperature. The reactions were 

visualized using 3,3′-diaminobenzidine reagent (Boster Bi-
ological Technology Ltd., Wuhan, Hubei Province, China). 
Nuclei were counterstained with hematoxylin. The sections 
were examined under a light microscope (Olympus, Tokyo, 
Japan). 
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Statistical analysis
Statistical analyses were performed using SPSS 17.0 software 
(SPSS, Chicago, IL, USA). Data are expressed as the mean ± 
SEM. One-way analysis of variance and the least significant 
difference post hoc test were used among groups. P < 0.05 
was considered statistically significant.

Results
Effects of epalrestat on serological indexes of DPN rats 
Blood samples were collected at week 12 following strepto-
zotocin injection in the control group and DM group. Blood 
glucose, low-density lipoprotein cholesterol, triglyceride, to-
tal cholesterol and glycated hemoglobin levels were elevated 

Figure 4 Effects of epalrestat, an ARI, on GPX activity in sciatic nerve of DM rats. 
(A) Western blot assay of GPX protein levels in sciatic nerves in nDM (ARI−) group, nDM (ARI+) group, DPN (ARI−) group and DPN (ARI+) 
group. (B) Relative density (gray value ratio of GPX/β-actin) of GPX in nDM (ARI−) group, nDM (ARI+) group, DPN (ARI−) group and DPN (ARI+) 
group. GPX activity was lower in DPN (ARI−) group than in nDM (ARI−) group (*P < 0.05; data are expressed as the mean ± SEM, with five rats in 
each group, one-way analysis of variance and the least significant difference post hoc test). GPX activity was higher in the DPN (ARI+) group than in 
the DPN (ARI−) group (P < 0.05). There was no significant difference in GPX activity between the nDM (ARI−) and nDM (ARI+) groups (P > 0.05). 
(C) Immunohistochemical results showed that GPX expressed in the cytoplasm and cell membranes, particularly Schwann cell nucleus, Schwann 
cytoplasm and myelin sheath (× 40; arrows indicated the position of the GPX-positive cells). DM: Diabetes mellitus; nDM: non-diabetes mellitus; 
DPN: diabetic peripheral neuropathy; ARI: aldose reductase inhibitor; GPX: glutathione peroxidase. 

Figure 5 Effects of epalrestat, an ARI, on AR activity in sciatic nerve of DM rats. 
(A) Western blot assay of AR protein levels in sciatic nerves in the nDM (ARI−) group, nDM (ARI+) group, DPN (ARI−) group and DPN (ARI+) 
group. (B) Relative density (gray value ratio of AR/β-actin of AR in nDM (ARI−) group, nDM (ARI+) group, DPN (ARI−) group and DPN (ARI+) 
group. The protein levels of AR significantly increased in sciatic nerve of DM rats in the DPN (ARI−) group (*P < 0.05; data are expressed as the 
mean ± SEM, with five rats in each group, one-way analysis of variance and the least significant difference post hoc test). Protein levels of AR were 
lower in the DPN (ARI+) group than in the DPN (ARI−) group (P < 0.05). There was no significant difference in protein levels of AR between the 
nDM (ARI−) and nDM (ARI+) groups (P > 0.05). (C) AR immunostaining revealed an accumulation of AR protein in Schwann cells of sciatic 
nerve. AR expression was very low in the myelin sheath and axon (× 40; arrows indicate the position of AR-positive cells). DM: Diabetes mellitus; 
nDM: non-diabetes mellitus; DPN: diabetic peripheral neuropathy; ARI: aldose reductase inhibitor; AR: aldose reductase.  

nDM (ARI–)

DPN (ARI–)

nDM (ARI+)

DPN (ARI+)

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0

GPX

β-Actin

22 kDa

43 kDa

R
el

at
iv

e 
de

ns
ity

 A    C   

 B   

nDM (ARI+ )

nDM (ARI+ )

nDM (ARI– )

nDM (ARI– )

DPN (ARI+ )

DPN (ARI+ )

DPN (ARI– )

DPN (ARI– )

*
*

1.2

1.0

0.8

0.6

0.4

0.2

0

AR

β-Actin 43 kDa

37 kDa

R
el

at
iv

e 
de

ns
ity

 A    C   

 B   

nDM(ARI+ )

nDM (ARI+ )

nDM(ARI– )

nDM (ARI– )

DPN(ARI+ )

DPN (ARI+ )

DPN(ARI– )

DPN (ARI– )

*

*

nDM (ARI–)

DPN (ARI–)

nDM (ARI+)

DPN (ARI+)



350

Li QR, et al. / Neural Regeneration Research. 2016;11(2):345-351.

at week 12 following streptozotocin injection (P < 0.05, P 
< 0.01), whereas body weights of the DM group were lower 
than controls (Table 1), but the high-density lipoprotein 
cholesterol level was not significantly different from the con-
trol group. 

Effects of epalrestat on sciatic nerve function of DPN rats
Sciatic nerve conduction latency was slower in the DM 
group (1.47 ± 0.10 ms) than in the control group (1.13 ± 0.07 
ms) (P < 0.01). 

Effects of epalrestat on ultrastructure of cells of sciatic 
nerve of DPN rats
To study the neural cell changes in each group, the sciatic 
nerves were analyzed using electron microscopy. In the DPN 
(ARI−) group, myelin sheath cells became disordered in the 
medullated fibers of sciatic nerves. Shrinkage, deformation 
and inhomogeneity were observed in neurites. The struc-
tures of Schwann cells blurred and the vacuoles degenerated, 
but the integrity of cell membranes was not lost. Cells of 
non-myelinated nerves swelled, with irregular morphology 
and widened cellular spaces. Schwann cells shrank (Figure 
1C). In the DPN (ARI+) group, the pathological structures of 
neurites and myelin were significantly improved. Deranged 
myelin sheath cells recovered and Schwann cell swelling was 
attenuated (Figure 1D). 

SOD, CAT, GPX and aldose reductase expression in the 
streptozotocin-induced DPN rats and ARI-treated DPN 
rats
To confirm the SOD, CAT and GPX changes of ARI-treated 
DPN rats, western blot assay and immunohistochemistry 
were used to detect the protein levels at week 16 following 
streptozotocin induction. As illustrated in Figures 2–4, SOD, 
CAT and GPX protein levels were lower in the DPN (ARI−) 
group than in the nDM (ARI−) group. SOD, CAT and GPX 
protein levels were higher in the DPN (ARI+) group com-
pared with the DPN (ARI−) group (P < 0.05). No significant 
differences in SOD, CAT and GPX protein levels were de-
tected between the nDM (ARI−) and nDM (ARI+) groups 
(P > 0.05) (Figures 2A, 2B, 3A, 3B, 4A, 4B). Immunohisto-
chemical results show that the SOD-, CAT-, and GPX-posi-
tive signals were mainly expressed in the cytoplasm and cell 
membranes, particularly in Schwann cell nuclei, Schwann 
cytoplasm, and myelin sheath in the DPN (ARI−) group 
(Figures 2C, 3C, 4C). 

In DPN rats, the protein levels of aldose reductase sig-
nificantly increased in sciatic nerves of DM rats in the DPN 
(ARI−) group (P < 0.05). There was a decrease in aldose 
reductase of the DPN (ARI+) group (P < 0.05). There was 
no significant difference in protein levels of aldose reductase 
between the nDM (ARI−) and nDM (ARI+) groups (P > 0.05; 
Figure 5A, B). Consistent with these observations, aldose 
reductase immunostaining revealed an accumulation of the 
aldose reductase protein in Schwann cells of sciatic nerve, 
while aldose reductase expression was low in the myelin 
sheath and axons in the DPN (ARI−) group (Figure 5C). 

Discussion
In the present study, no significant difference in SOD ac-
tivity was detected between the nDM (ARI–) and nDM 
(ARI+) groups. With the progression of DM, SOD protein 
expression levels reduced gradually, and oxidative stress 
damage aggravated, which led to DPN. After intragastric 
administration of epalrestat, SOD protein expression levels 
increased. Currently, it is believed that the decreased SOD 
concentration in various body tissues reduced the active 
oxygen radical scavenging ability. This in turn may function 
as a direct damaging factor in parenchymal cells and the 
mesenchyme, thereby leading to structural and functional 
damages in related tissues (Cui et al., 2008). Results from 
this study demonstrated that no apparent different CAT ex-
pression was found between the nDM (ARI–) and nDM (ARI+) 
groups. As the course of diabetes progressed to the DPN 
stage, CAT protein expression decreased and oxidative stress 
aggravated, contributing to DPN. Moreover, the protein ex-
pression levels of CAT increased with intragastric administra-
tion of epalrestat. There are studies, however, reporting that 
changes in CAT activity were quite distinct from the expected 
results (Babizhayev et al., 2014), with some reduced, some 
increased, or some unchanged significantly, which may result 
from different rat species, ages or disease durations (Yang et 
al., 2013). That finding suggested alternative reimbursement 
mechanisms for the enhancement of anti-oxidative stress. The 
findings in the present study revealed no evident difference in 
GPX expression between the nDM (ARI–) and nDM (ARI+) 
groups. As the course of diabetes progressed to the DPN stage, 
GPX protein expression levels reduced gradually and oxida-
tive stress aggravated, resulting in DPN. Intragastric adminis-
tration of epalrestat increased the protein expression level of 
GPX. 

With the progression of DM, aldose reductase protein 
expression was gradually increased and oxidative stress ag-
gravated, and resulting in DPN. However, the increase in 
aldose reductase protein expression was not quite significant. 
Subsequent intragastric epalrestat administration reduced 
the level of aldose reductase protein expression. Clinically 
the efficacy of ARIs is confirmed in attenuating peripheral 
neuropathy (Schemmel et al., 2010). However, the exact 
mechanisms and targets of ARIs have not been elucidated 
despite several reported studies (Obrosova et al., 2007). The 
exact role of ARIs is still an active topic in diabetes research 
(Colciago et al., 2002). 

The present study focuses on biomarkers, including SOD, 
catalase, GPX and aldose reductase, which are closely related 
to DPN. By recording changes in the biomarkers after ARI 
therapy, the influence of ARIs on the biomarkers can be de-
termined (Gabbay, 2004). Changes in the biomarkers for the 
occurrence of diabetic complications can provide evidence 
for specifying whether a certain biomarker is predictive of 
diabetic peripheral neuropathy (Huang et al., 1999). Damage 
caused by oxidative stress in type II DM is now universally 
recognized (Liu et al., 2013). Accordingly, antioxidant therapy 
is applied in clinics all over the world (Russo, 2010). However, 
very few studies have explored the best time for intervention 
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with an antioxidant therapy (Kalekar et al., 2013). No reli-
able marker has yet been recognized as an indicator of the 
recovery of the balance between oxidants and antioxidants. 
It has been proposed that by analyzing the changes in the 
DPN biomarkers, the key target of ARI could be specified 
(Hosseini and Abdollahi, 2013). The effective biomarkers 
identified could be used as indicators in laboratory examina-
tions for evaluating drug efficacy and nerve damage. 

The results of the present study support other reports that 
antioxidase expression is decreased when DPN occurs (Kawai 
et al., 2010). As the disorder progresses, further decrease 
in antioxidase exacerbates reactive oxygen species damage 
(Yagihashi et al., 2001). Western blot assay and immuno-
histochemistry both indicated that SOD, CAT and GPX 
changed in the same direction, but aldose reductase changed 
in the opposite way. Aldose reductase was activated in DPN, 
but decreased after ARI administration. Aldose reductase, 
oxidative stress and subsequent metabolism, pathological 
and pathophysiological reactions jointly contributed to the 
occurrence and progression of DPN. This established the 
relationship of DM metabolic disorder as follows: aldose re-
ductase activation – oxidative stress – vascular and nervous 
pathological changes – DPN. 

In summary, the present study provides experimental basis 
for how ARIs act to reduce DPN, reported elsewhere (Kawai 
et al., 2010). As a selective polyol pathway blocker, ARI can 
exclusively inhibit aldose reductase and reduce sorbitol ac-
cumulation in erythrocytes of DM patients and sorbitol and 
fructose accumulation in nervous tissues (Sullivan and Feld-
man, 2005). ARI can up-regulate the nitric oxide production 
of endothelial cells by inhibiting protein kinase pathways 
and down-regulate the expression of hyperglycemia-mediat-
ed neutrophil-endothelial adhesions and endothelial adhe-
sions. Consequently, ARI can attenuate DPN. 
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