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The role of oxidative stress and endothelial injury
in diabetic neuropathy and neuropathic pain
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Abstract
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Introduction
The diabetic vascular complications have become
an increasingly important issue because of being
the major cause of morbidity and mortality in the
diabetic population (Cooper & Johnston 2000).

Abnormal hemodynamic changes in blood flow
and contractility can be seen in many organs of
diabetics, especially in microvessels of peripheral
nerves (Koya & King 1998). One of the possible
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A R T I C L E

OBJECTIVE: The roles of endothelin-1 (ET-1) and oxidative stress causing vascular injury in the pathogenesis of diabetic neuropathy are debatable. The present
study was undertaken to clarify the possible effects of oxidative stress and ET-1 in
diabetic patients with and without peripheric neuropathy.
METHODS : We studied plasma ET-1, nitric oxide (NO), catalase, glutathione
(GSH) levels of fifty (22 females, 28 males) patients with Type 2 diabetes in order
to evaluate endothelial dysfunction and oxidative stress. The neuropathy types
(motor, sensorial and sensorimotor), comorbid diseases, antidiabetic treatments,
smoking, diabetes duration were also considered. Short McGill Pain Questionnaire (SF-MPQ) was also performed for patients with neuropathy.
RESULTS: There were no significant differences between patients with (n=23) and
without (n=27) neuropathy with regards to demographic features except diabetic
disease duration. The statistical analysis was done considering this difference.
Although NO and ET-1 levels were higher, and catalase and GSH levels were
decreased in neuropathic patients, no statistical significancy was found. We also
couldn’t find any correlations between the parameters and SF-MPQ scores.
CONCLUSIONS : Although there were no relationships between neuropathy and
the studied parameters, we found lower levels of catalase and GSH as intracelluler
antioxidants and higher NO and ET-1 as markers of endothelial injury in patients
with neuropathy. Our data suggest that there is a need of further studies with
larger study groups in order to clear out the role of endothelial injury and oxidative status in the pathogenesis of diabetic neuropathy.
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mechanisms is protein kinase C activation with an
increase of endothelin-1 (ET-1) expression. It has been
shown that ET-A antagonist can prevent neurovascular dysfunctions in diabetic rats (Cameron & Cotter
1996). Additionally oxidative stress is a major contributor to the diabetic neuropathy. Reactive oxygen species
(superoxide radical, hydroxyl radical and hydrogen
peroxide) and reactive nitrogen species (peroxynitrite)
contribute to pathophysiological changes in diabetic
neuropathy (Vincent et al. 2004; Pacher et al. 2005).
Increased oxidative stress within the cell leads to activation of the Poly (ADP-ribose) polymerase (PARP) pathway, which regulates the expression of genes involved
in promoting inflammatory reactions and neuronal
dysfunction. High levels of free radicals and the simultaneous decline of antioxidant defense mechanisms can
lead to damage of cellular organelles and enzymes in
diabetics (Edwards et al. 2008). In the present study
endothelial dysfunction and oxidative stress parameters
were investigated in order to clarify their possible role
on pathogenesis of diabetic neuropathy.

Methods
We included fifty type 2 diabetic patients (22 females,
28 males) who were admitted to our neurology clinic.
ADA (American Diabetic Association) diagnostic
criteria were used for diagnosis of diabetes mellitus.
Those with a history of an endocrinologic, infectious
or inflammatory disease, cancer, autoimmune disorder, hematological disorder, cardiac, renal or hepatic
disease or use of immune-suppressant, antioxidant,
anti-inflammatory drugs in the previous two months
were excluded. Each patient had a complete physical
and neurological examination, together with complete
blood count, blood chemistry, sedimentation rate and
electroneuromyography (EMG). Diabetic neuropathy
(motor, sensorial, sensorimotor) diagnosis was made
according to EMG findings. The neuropathy types
(motor, sensorial and sensorimotor), antidiabetic
treatments, smoking, diabetes duration and comorbid diseases causing atherosclerosis like hypertension,
hyperlypidemia were also considered. The severity of
the neuropathic pain was also assessed by Short McGill
Pain Questionnaire (SF-MPQ). The blood samples were
drawn from patients and centrifuged at 3 000 rpm for
10 min to seperate the sera to be kept in –80 °C until
analysis of ET-1, nitric oxide (NO), catalase, glutathione (GSH). The patients were grouped into two as with
and without neuropathy and the groups were compared
according to the studied parameters.
NO (nitrite + nitrate) was assayed by a modification of cadmium-reduction method as mentioned by
Navarro-Gonzalves (Navarro-Gonzalves et al. 1998).
The nitrite produced was determined by diazotization of sulphanilamide and coupling to naphthlethylene diamine. For the measurement of NO (nitrite +
nitrate), 400 µl sample was denatured by adding 80 µL

262

30% ZnSO4 solution, stirring and then centrifuging at 10,000 × g for 20 min at 4 °C. First, we activated
Cd granules using CuSO4 solution in glycine-NaOH
buffer. Then 100 µL of deproteinized samples and standarts were added. This reaction using pre-treatment
of samples to reduce nitrate to nitrite, which can be
accomplished by catalytic reactions using enzyme or
Cd. The samples were analyzed spectrophotometrically
using a microplate reader and quantified automatically against KNO3 standard curve and the results were
expressed as µM/L. In samples ET-1 levels were determined via commercial ELISA kit Human Endothelin,
catalog number was BI-20052, lot number was 983C
(Biomedica Medizinprodukte GmbH& Co KG, A-1210
Wien, Divischgasse 4, Germany). The results were
determined via microplate reader ELX 800 and calculated automatically standart curve and were given fmol/
mL. CAT activity measurement in erytrocyte lysate was
measured by the method of Aebi (Aebi 1974). The reaction mixture was 50 mM phosphate buffer (pH 7.0),
10 mM H202 and erytrocyte lysate. The reduction rate
of H202 was follewed at 240 nm for 30 sn at room temperature. Catalase activity was expressed in U/g Hb.
Total glutathione content in the samples were measured
according to the method of Beutler et al. (1963) using
metaphosphoric acid to precipitate the protein and 5,5’
dithiobis (2-nitrobenzoic acid) for colour development.
The standart curve was used to calculate GSH content
(Beutler et al. 1963).
Statistical analyses:
The Statistical Package for the Social Sciences (SPSS)
13.0 (SPSS Inc., Chicago, IL, USA) was used or statistical analysis and statistical significance was defined as
p<0.05. Results were given as mean ± standard deviation. Comparisons of numeric values of all variables
were performed using the Mann–Whitney U-test or
Student’s t-test. Chi square tests were used for analyzing categorical variables. We tested whether or not the
variables which were detected in numeric scales in both
groups had normal distribution by using the Kolmogorov–Smirnov test. In the patient group we used Spearman’s test for correlation analysis of variables which
had no normal distribution. The variables which had
normal distribution were examined by Pearson correlation analysis. We also used covariance analysis for
statistically standardization of studied two groups.

Results
This study included 50 type II diabetic patients with
(n=27) and without neuropathy (n=23). Their ages
were between 43–74 (59.5±8.22) years. There were no
significant differences between two groups with regard
to age, gender, comorbid diseases, antidiabetic treatments and smoking (p>0.05) The demographic and
clinic parameters of diabetics with (group 1, n=23)
and without neuropathy (group 2, n=27) are sum-
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marized in Table 1. DM disease duration in group
1 and 2 was 11.95±8.4 and 7.5±4.9 years respectively
and this showed statistically significancy (p=0.025).
The covariance analysis was done for the standardization according to disease duration. We found higher
NO (41.19 ± 5,33 µM/L vs. 34.48 ± 4.9 µM/L; p>0.05)
and ET-1 (2.35 ± 0.09 fmol/mL vs 2.23 ± 0.08 fmol/
mL; p>0.05) levels in group 1. Additionally intracellular antioxidants catalase (298.26 ± 30.35 U/g Hb vs.
309.38 ± 27.88 U/g Hb; p>0.05) and GSH (376.91 ± 16.00
vs. 390.15 ± 14.70 mU/g Hb; p>0.05) serum levels were
found lower in the same group. Although NO and
ET-1 levels were higher, and catalase and GSH levels
were decreased in patients with neuropathy, the results
weren’t statistically significant (Table 2). SF-MPQ was
also performed for group 1 which had 12 sensorial,
4 motor, 7 sensorimotor neuropathic patients. The
SF-MPQ scores were between 22 and 42 (30.2 ± 6.05)
and did not differ according to the neuropathy types
(p>0.05). SF-MPQ scores for sensorial, motor and
sensorimotor neuropathy were detected as followed
30.7 ± 6.2, 27 ± 2.4 and 31.2 ± 7.1. There were no correlations between the studied biochemical parameters
and SF-MPQ scores either.

Discussion
Microvascular complications are the most important
causes of increased morbidity and mortality in diabetic
patients. Neuropathy is one of these complications
affecting up to half of those with this disease. There are
metabolic, humoral and haemodynamic factors all contribute to the pathogenesis (Cooper et al. 1998). Axons
are susceptible to hyperglycemic damage both due
to their direct access to nerve blood supply and their
large population of mitochondria. The hyperglycemic
environment with abnormal hemodynamic changes
overloads the metabolic capacity of the mitochondria,
producing oxidative stress (Brownlee 2001). Hyperglycemia leads to increased mitochondrial activity, raising
ROS production. This causes mitochondrial damage
followed by axonal degeneration and death.
Reactive oxygen species are produced under normal
conditions through the electron transport chain and
are normally removed by cellular detoxification agents
such as catalase and glutathione (Leinninger et al.
2006). Therefore NO and intracelluler antioxidants
such as catalase and GSH can play important roles in
pathogenesis of diabetic neuropathy. In spite of the fact
that there is no statistically significancy, NO levels were
found higher, while catalase and GSH levels were lower
in our diabetic neuropathy group. This may be due to
our small study group. The other unstudied microvascular complications like nephropathy and retinopathy
and different treatment choices with different oral
antidiabetics may have an effect on oxidative stress in
diabetics as well.

Tab. 1. The demographic and clinical features of patients with
(group 1) and without neuropathy (group 2).
Age
Gender (female)
DM disease duration (year)

Group 1

Group 2

p-value

61.3±6.4

57.96±9.12

>0.05

10 (43.47%) 12 (44.44%) >0.05
11.95±8.4

7.5±4.9

0.025

Hypertension

12 (52.17%) 13 (48.18%) >0.05

Hyperlipidemia

12 (52.17%) 15 (55.55%) >0.05

DM treatment OAD
Insulin
OAD+Insulin
Smoking

15 ( 68.18%) 15 (55.55%) >0.05
6 (27.27%)

10 (37.03%) >0.05

1 (4.5%)

2 (7.4%)

>0.05

5 (21.73%)

7 (25.92%)

>0.05

OAD:oral antidiabetic drugs
Tab. 2. The studied endohelial dysfunction and oxidative stress
markers for patients with (group 1) and without neuropathy
(group 2).
Group 1 (n=27)

Group 2 (n=23)

p-value

NO

41.19±5.33 μM/L

34.48±4.9 μM/L

>0.05

ET-1

2.35±0.09 fmol/mL

2.23±0.08 fmol/mL

>0.05

298.26±30.35 U/g Hb

309.38±27.88 U/g Hb

Catalase
GSH

376.91±16.00 mU/g Hb 390.15±14.70 mU/g Hb

>0.05
>0.05

We could not also find statistically significant elevated ET-1 levels in diabetic neuropathy group. There
is a controversy on the relation between ET-1 levels
and diabetic microvascular complications. Although in
some studies patients with diabetic microvascular complications had higher ET-1 levels, some studies reported
normal levels. In these studies there is no correlation
between ET-1 levels and diabetic microangiopathy
and neuropathy similar with our results (Bertello et al.
1994; Guvener et al. 1997; Veglio et al. 1993; Vertello et
al. 1993). There can be many reasons causing this controversy like using different immunological methods,
heterogenous and small study groups.
In our study SF-MPQ which showed no difference
between neuropathy types was also performed to assess
neuropathic pain severity. There were no relationships
between endothelial dysfunction, oxidative stress and
pain severity as well. However in literature there is a
growing evidence that endothelin axis plays a role in
the development of tactile allodynia in diabetic neuropathy. In experimental animal models anti-allodynic
effect of the selective blockade of ETA receptor is an
evidence of endogenous ET-1 mediating diabetic neuropathy (Berti-Mattera et al. 2006). In sciatic nerves
extracted from chronic diabetic rats showed reduced
expression of ETB receptor. These rats also exhibited
both mechanical hyperalgesia and tactile allodynia
(Berti-Mattera et al. 2006). However we could not find
any correlations between ET-1 and SF-MPQ scores.
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In literature it has been also shown that NO combines with superoxide to form peroxynitrite, which
rapidly causes protein nitration or nitrosylation, lipid
peroxidation, DNA damage and cell death and has
direct toxic effects on the nerve tissue leading to neuropathic pain (Kim et al., 2003). In addition tocotrienol
as an antioxidant can be useful in neuropathic pain
through modulation of oxidative–nitrosative stress in
the diabetic rats (Kuhad et al. 2009). However there
were no correlations between the studied oxidative
stress markers and SF-MPQ scores either.
To our knowledge the relationships between oxidative stress, endothelial dysfunction and neuropathic
pain in diabetic patients have not been studied before
in literature. Nevertheless we could not find any statistically significant result in our study. In spite of the fact
that our data do not state any relationships between oxidative stress, endothelial dysfunction and neuropathy
in diabetics, this may be due to our small study group,
the effects of unstudied microvascular complications or
different oral antidiabetic treatments.
Our findings suggest that the association of oxidative
stress and endothelial dysfunction should be studied in
larger groups to determine their effects on pathogenesis
of diabetic neuropathy and neuropathic pain.

Conclusion
Although there were no statistically significancy, we
found elevated plasma ET-1 and NO levels while
catalase and GSH as intracelluler antioxidants were
decreased in presence of diabetic neuropathy. Further
studies may help us to obtain a broader view of oxidative stress and endothelial dysfunction in pathophysiology of diabetic neuropathy and neuropathic pain for
developing novel treatment strategies.
References
1 Cooper ME, Johnston CI. (2000). Optimizing treatment of hypertension in patients with diabetes. JAMA. 283: 3177–3179.
2 Koya D, King GL. (1998). Protein kinase C activation and the
development of diabetic complications. Diabetes. 47: 859–866,

264

3 Cameron NE, Cotter MA. (1996). Effects of a non-peptide endothelin-1 ET-A antagonist on neurovascular function in diabetic
rats: interaction with the reninangiotensin system. J Pharmacol
Exp Ther. 278: 1262–1268.
4 Vincent AM, Russell JW, Low P, Feldman EL. (2004). Oxidative
stress in the pathogenesis of diabetic neuropathy. Endocr. Rev.
25: 612–628.
5 Pacher P, Obrosova IG, Mabley JG, Szabo C. (2005). Role of nitrosative stress and peroxynitrite in the pathogenesis of diabetic
complications. Emerging new therapeutical strategies. Curr.
Med. Chem. 12: 267–275.
6 Edwards JL, Vincent AM, Cheng HL, Feldman EL. (2008). Diabetic
Neuropathy: Mechanisms to Management. Pharmacology and
Therapeutics 120: 1–34.
7 Aebi H. (1974). Catalase. In: Bergmeyer HU, editors. Methods of
enzymatic analysis, 2nd edition, New York: Academic Press. pp
673–677.
8 Navarro-Gonzalves JA, Garcia-Benayas C, Arenas J. (1998). Semiautomated measurement of nitrate in biological fluids. Clin.
Chem. 44: 679–681.
9 Beutler E, Durgun O, Kelly BM. (1963). Improved method for the
determination of blood glutathione. J Lab Clin Med 51: 882–888.
10 Cooper ME, Gilbert RE, Epstein M. (1998). Pathophysiology of
diabetic nephropathy. Metabolism 47: 3–6.
11 Brownlee M. (2001). Biochemistry and molecular cell biology of
diabetic complications. Nature. 414: 813–820.
12 Leinninger GM, Edwards JL, Lipshaw MJ, Feldman EL. (2006).
Mechanisms of disease: mitochondria as new therapeutic targets in diabetic neuropathy. Nature clinical practice. 2: 620–628.
13 Bertello P, Veglio F, Pinna G, Gurilo L, Molino P, Alban S, Chiandussi L. (1994). Plasma endothelin in NIDDM patients with and
without complications. Diabetes Care. 17: 574–577.
14 Guvener N, Aytemir K, Aksoyek K, Gedik O. (1997). Plasma
endothelin-1 levels in noninsulin-dependent diabetes mellitus patients with macrovascular disease. Coron Artery Dis. 8:
253–258.
15 Veglio F, Bertello P, Pinna G, Mulatero P, Rossi A, Gurioli L, Panarelli M, Chiandussi L. (1993). Plasma endothelin in essential
hypertension and diabetes mellitus. J Hum Hypertens. 7: 321–
325.
16 Vertello P, Veglio F, Pinna G, Gurioli L, Molino P. (1993). Plasma
endothelin in Type 2 diabetes mellitus patients with and without
complications. Diabetes Care. 17: 574–577.
17 Berti-Mattera LN, Gariepy CE, Burke RM, Hall AK. (2006). Reduced
expression of endothelin B receptors and mechanical hyperalgesia in experimental chronic diabetes. Exp. Neurol. 201: 399–406.
18 Kim JE, Kim AR, Chung HY, Han SY, Kim BS, Choi JS. (2003). In
vitro peroxynitrite scavenging activity of diarylheptanoids from
Curcuma longa. Hytother.Res. 17: 481–484.
19 Kuhad A, Chopra K. (2009). Tocotrienol attenuates oxidative–
nitrosative stress and inflammatory cascade in experimental
model of diabetic neuropathy. Neuropharmacology 57: 456–462.

Copyright © 2010 Neuroendocrinology Letters ISSN 0172–780X • www.nel.edu

