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ABSTRACT

Objective: To compare superoxide dismutase 1 (SOD1) levels in diabetes mellitus patients with and without neuropathy.
Study Design: Cross-sectional comparative study.

Place and Duration of Study: Multidisciplinary Lab-1 of the Department of Biochemistry and Molecular Biology, Army Medical
College, in cooperation with Pak-Emirates Military Hospital, Rawalpindi, Pakistan, from January 2020 to January 2021.
Methodology: Eighty-four subjects were enrolled through non-probability purposive sampling technique. They were further
divided into three groups. Patients with diabetic neuropathy were labelled as the group I, and patients with diabetes mellitus
without neuropathy were included in group Il. While group Il was comprised of healthy individuals and taken as control.
Biochemical parameters included fasting blood glucose levels and HbAlc. Superoxide dismutase-1 levels were measured by
enzyme-linked immunosorbent assay (ELISA). Data were evaluated by SPSS version 22.0 and presented in percentage and
mean + standard deviation (SD). Independent sample t-test and one-way ANOVA followed by the post-hoc Tukey test were
used for group comparison.

Results: Mean level of SOD1 was significantly higher in group | as compared to group Il and Ill (p<0.001). Statistically signifi-
cant difference was observed among groups | and Il (p=0.002), | and Il (p<0.001), and Il and lll (p=0.017). Mean levels of SOD1
were also significantly increased with poor glycemic control (p<0.001).

Conclusion: SOD1 level was considerably high in patients with diabetes mellitus with neuropathy in comparison to diabetics

without neuropathy and healthy individuals.
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INTRODUCTION

Diabetic neuropathy is a microvascular complication of
diabetes mellitus (DM). It affects approximately 30% to 90% of
patients with DM in the world." Diabetic peripheral neuropathy
(DPN), is the most common type of diabetic neuropathy.’ Oxida-
tive stress is the main mechanisminvolved in the pathogenesis
of DPN. Itis caused by an imbalance between the generation of
oxidative substancesand antioxidants of the body.?

Thefirstline enzymeto neutralise superoxide-freeradicleinthe
chain of an antioxidant system is superoxide dismutase (SOD).
It catalyses the generation of molecular oxygen and hydrogen
peroxide from superoxide-free radical. Various isozymes of
SOD are existing in mammals, which are products of distinct
genes.*
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Cytosolic and extracellular SOD enzyme is Cu-Zn and referred
toasSOD1, and SOD3, respectively; while mitochondrial SOD is
Mn-Zn and referred to as SOD2.> Many studies have narrated
the conflicting behaviour of intracellular and plasma SOD
activity in patients with DM and its complications.® Among
various isoforms of SOD, the current study focused on the anal-
ysis of SOD1 levels. The present study aimed to compare SOD1
levelsin patients with DM with and without neuropathy.

METHODOLOGY

This comparative cross-sectional study took place at
Multidisciplinary Lab-1, Department of Biochemistry and
Molecular Biology, Army Medical College, in coordination
with Pak-Emirates Military Hospital, Rawalpindi, from January
2020 to January 2021. The research was carried out after the
formal approval from the Ethical Review Committee of Army
Medical College, Rawalpindi.

Atotal of 84 subjects had participated in this study. World Health
Organization (WHO) calculator was used to calculate the sample
size, based on reference prevalence 6.9%’ with 95% confidence
interval and 5% error. The study participants were enrolled
through non-probability purposive sampling technique. They
were split into three groups. In the group |, 28 patients with
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diabetic neuropathy were included. Group Il contained 28
diabetics without neuropathy, and group Il comprised of 28
healthyindividuals and takenascontrols. Theinclusion criteria of
this study were diagnosed diabetics (with and without neuropa-
thy) of both genders between the age group 30-70 years. The
subjects with non-diabetic neuropathy, lower limb amputation,
evidence of peripheral arterial disease, foot edema, and
lumbosacral pathology were excluded from this study.

Diabetics with and without peripheral neuropathy were diag-
nosed by the medical specialist, based on history and clinical
examinations by using diabetic neuropathy symptom (DNS) score
and modified neuropathy disability score (MNDS). DNS score
included unsteadiness in walking, numbness, burning, aching
pain or tenderness, and prickling sensations on legs and feet. The
maximum score was 4 and the minimum was 0 points. Points 1-4
referred presence of peripheral neuropathy. While, modified
MNDS included neuropathic signs that were decreased or absent
ankle reflexes, reduced or absent distal vibration perception by
using a 128-Hz tuning fork, temperature perception on the
dorsum of foot and pin-prick sensations. The maximum score was
10. The score with 3-5 points considered mild, 6-8 points
moderate, and 9-10 with severe neuropathic deficits.

The written and informed consent was taken from each partici-
pant priorto the collection of data. Clinical data along with demo-
graphic details were gathered through a structured question-
naire. A fasting venous sample of 5ml was drawn from subjects
under aseptic measures. From which, 3ml is collected in serum
separator vacutainers for estimation of superoxide dismutase
levelsand 2mlforfastingbloodglucose (FBG)andglycatedhemo-
globin (HbAlc) levels. Serum SOD1 levels were measured using
human SOD1 (soluble, superoxide dismutase 1) ELISA Kit,
catalog No. E-EL-H1113 (Elabscience®). While HbAlc was
assessed by ADVIA chemistry enzymatichemoglobinAlcassay.

Data were evaluated by using Statistical Package for Social
Sciences (SPSS), version 22.0. Qualitative variables were
expressed as percentages, while quantitative variables were
assessed as mean and standard deviation (= SD). For group
comparison, independent sample t-test and one-way ANOVA,
followed by a post-hoc Tukey test were used. Pearson correlation
was used to correlate SOD1 with FBG, HbAlc and duration of
diabetes mellitus. Results with a p-value of <0.05 were consid-
ered statistically significant.

RESULTS

Eighty-four subjects of both genders [males 53 (63.1%) and
females 31 (36.9%)] wereincluded in this study. The mean age
of group I was 52.93 = 10.26 years, group Il was 51.32 + 9.92
years, and group Ill was 48.00 + 10.67 years. These results
were statistically non-significant (p=0.194). Body mass index
(BMI) mean values =SD of group |, I, and lll were 25.10 £+ 2.70,
25.76 = 3.69, and 24.84% 2.68, respectively. These results
were also statistically non-significant (p=0.508). Compared to
groupll(3.60 £ 2.56 years), themeandurationofdiabetes mell-
itus was greaterin group | (6.08+4.48 years), and was statisti-
cally significant (p=0.015).

FBG levels were more in group | (10.66+ 4.55) as compared to
group Il (9.59% 3.63) and group Il (5.18+ 0.50) with p-value
<0.001. As well, HbAlc was also highestin group | (8.64 = 2.63)
as compared to group I (7.70+ 1.79) and group Ill (5.16+ 0.50)
with p-value <0.001.

Mean values of SOD1 are shown in figure | and a comparison of p-
valuesof SOD1, FBG, and HbAlc by post-hoc Tukey testare given
in Table I. SOD1 levels are significantly higher in group | in
comparison to other groups. Table Il showed SOD1 levels with
glycemic control and duration of diabetes. SOD1 levels were
significantly increased with poorglycemic control.

SOD1 had positive and significant correlation with HbAlc
(r=0.476, p<0.001), FBG (r=0.432, p<0.001), and positive
non-significant correlation with duration of diabetes mellitus
(r=0.215,p=0.111).

Comparison of mean values of SOD1
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Figure 1: A column chart showing mean values of SOD1 (superoxide
dismutasel)inthethreegroups(p-value <0.001).

Table I: Comparisons between the groups by ANOVA, followed by post-
hockTukeytest.

Group |1 Vs Group Il Vs

Group Il Group lll Group Il
SOD1 0.002* <0.001* 0.017*
HbAlc 0.151 <0.001* <0.001*
FBG 0.465 <0.001* <0.001*

Group | (diabetics with neuropathy), group Il (diabetics without neuropathy),
group Ill (healthy controls), SOD1 (superoxide dismutase 1), HbAIc (glycated
hemoglobin), FBG (fasting blood glucose) *Shows statistically significant result
(p <0.05).

Table II: SOD1 levels depending on glycemic control and duration of
diabetes.

Parameters :g:nl ifpsgémL) p-value

Glycemic HbAlc <7% 3676.65 + 1469.20

control HbAlc 7-9% | 4849.14+ 1216.72 <0.001*
HbAlc >9% 5103.01+ 1076.32

Duration of <5 years 4446.70% 1294.26

Diabetes 5-10 years 4875.02+ 1260.89 0.234
>10 years 5430.605 + 864.48

*Shows significant result (p <0.05).
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DISCUSSION

Diabetic peripheral neuropathy is one of the primary causes of
morbidity and mortality in patients with type I DM. As it
progresses, it leads to non-traumatic limb amputations
through foot ulceration and gangrene; and thus, deteriorates
the quality of life of patients and causes a socio-economic
burden.®

The present study reported that FBG and HbAlc levels were
significantly elevated in patients with diabetic neuropathy in
comparison to other groups. There was no significant differ-
ence observed in glycemic control parameters between
diabetics with neuropathy in comparison to diabetics without
neuropathy. These findings are in agreement with findings
reported by Li et al.’ Increased blood glucose levels and glyca-
tion of hemoglobin supported the fact that hyperglycemia was
the majorfactorinvolvedin the pathogenesis of diabetic neuro-
pathy and it activated the various biochemical pathways,
which caused the overproduction of oxidants, like superoxide
anionand hydroxylradicals.®

Diabetes mellitus and its complications are linked with
increased oxidative stress, but the reports about the antioxi-
dant defence system of the body are not conclusive. So, the
present study compared the SOD1 levels in patients with
diabetic neuropathy, diabetics without neuropathy, and
healthy subjects. This study reported the statistically signifi-
cant increased levels of SOD1 in patients with diabetic neuro-
pathy in comparison to diabetics without neuropathy and
healthy controls. These findings are comparable with the study
carried out by Ganjifrockwala et al. They reported significantly
increased levels of Cu-Zn superoxide dismutase in patients with
diabetic retinopathy in comparison to diabetics without retino-
pathy and control group. In another study, Lodovici et al.,
reported the increased SOD levels in patients with DM with
complications in comparison to those without complications.*
While, Tavares et al., reported increased activity of SOD1 in
type Il diabetics as compared with pre-diabetics and control
group.”

Contrary to the present study, many studies reported that the
SOD levels were decreased in diabetic neuropathy patients in
comparison to the control group. They explained their findings
with the hypothesis that increased peroxidation led to the
consumption of antioxidants of the body,"*** and glycosylation
of SOD caused inactivation of this enzyme.*®

Superoxide dismutase is the first-line defense against reactive
oxygen species (ROS) production because it is involved in the
direct elimination of ROS. In the present study, the findings of
elevated serum SOD1 levels in diabetics with neuropathy in
comparison to diabetics without neuropathy and controls,
reflected the compensatory mechanisms in response to
increased oxidative stress in DN group. This increased levels of
the antioxidant enzyme caused increased cellular capacity to
fight against ROS, thereby restricting the damage caused by
free radicles. Another study reported that oxidative stress and

inflammation induced by hyperglycemia led to increased SOD
production by leukocytesand monocytes.”

Bitel et al., reported that expression of SOD1 is induced by
oxidative stress and caused increased SOD1 accumulation in
diabetic myocytes.’® Ninic et al., reported significantly
increased normalised Cu/Zn SOD mRNAs in patients with oxida-
tive stress in comparison to controls. Chronic oxidative stress
and inflammation caused increase induction of SOD isoen-
zymesgenesduetosuperoxideanion, whichispositivemodula-
torsofthetranscriptional process of antioxidative enzymes.*

Vermaetal., reported decreased SOD levels with poor glycemic
control.”® Jimenez-Osorio et al. reported the elevation of SOD
levels with poorly controlled glycemia and their findings are in
agreement with the findings of current study.” This elevationin
SOD levels represented high oxidative stress in diabetics with
poor glycemic control. Zarei et al., reported a direct correlation
of SOD with HbA1c; and thisisinaccordance with the findings of
the currentstudy, which furtheraugment the result of the study
as SOD1 increased with poor glycemic control.”? Other studies
reported a significant negative association of SOD with HbAlc.”
Another study reported the significantly positive correlation of
fasting blood sugar levels with SOD;* and this is in agreement
with the findings of the current study. This study also reported
no significant change in SOD levels with prolonged duration of
diabetes; and these findings are in concordance with the
findings reported by Verma et al.”’

There may be two reasons for increased SOD in patients with
diabeticneuropathy:

First, hyperglycemia-induced metabolic pathways caused the
production of more free radicles like superoxide anion and
caused induction of the SODI1 gene, which lead to increased
production of SOD levels to counteract this oxidative stress.
Second, there may be genetic variations that can alter the func-
tionality and activity of this enzyme, according to the variation
ingenetic makeup of the population.

Small sample size and limited funds were the limitations of this
study. More studies can be performed in the future on a bigger
sample size with all isoforms of SOD along with other antioxi-
dants, toevaluate oxidative stressin patients with DN. Tounder-
stand the relationship between disrupting antioxidant defence
systems, genetic polymorphism and DN development, further
studiesarerequired.

CONCLUSION

SOD1 levels were higher in patients with diabetic neuropathy in
comparison to diabetics without neuropathy and healthy
controls. TheelevationofSOD1 levelssuggested the compensa-
tory response to increased oxidative stress in patients with
diabetic neuropathy as compared to those without neuropathy;
andcanbeconsidered asan oxidative stress biomarker.
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