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This study evaluated the oxidative stress through enzymatic and nonenzymatic biomarkers in diabetic patients with and without
hypertension and prediabetics. The SOD and CAT (in erythrocytes) and GPx (in plasma) enzymatic activities, plasma levels of
lipid peroxidation, and total thiols were measured in the blood of 55 subjects with type 2 diabetes and 38 subjects without diabetes
(9 pre-diabetics and 29 controls) aged 40–86 years. The total SOD activity and the lipid peroxidation were higher in diabetics
compared to nondiabetics. In stratified groups, the total SOD activity was different for the hypertensive diabetics compared to the
prediabetics and normotensive controls. Lipid peroxidation was significantly higher in both groups of diabetics (hypertensive and
normotensive) compared to prediabetic groups and hypertensive and normotensive controls. There was no significant difference
in the CAT and GPx activities, as well as in the concentration of total thiols in the groups studied. Present data strongly suggest the
involvement of oxidative stress in the pathophysiology of diabetes, revealing that the increased lipid peroxidation has a close rela-
tionship with high glucose levels, as observed by the fasting glucose and HbA1c levels. The results evidence the correlation between
lipid peroxidation and DM, irrespective of the presence of hypertension.

1. Introduction

Diabetes mellitus (DM) is one of the most common non-
communicable diseases worldwide, with over 80% of its
carriers living in low- and middle-income countries [1]. It
is estimated that in 2030, for every 10 adults, one will present
with diabetes, with the largest increases occurring at develop-
ing countries. In high-income countries, for example, type 2
diabetes mellitus (DM2) tends to be more prevalent in low-
income population, and even in low-income countries, DM2

is more frequent in poorer sections of the society, especially
in urban areas [2]. In these situations, there is a frequency
of chronic complications arising from macrovascular and
microvascular changes [3], such as cardiovascular and renal
dysfunction, progressive blindness, amputation of limbs, loss
of functionality, and decreased quality of life of affected
individuals [4], resulting in a high socioeconomic impact [3].

Approximately 30–60% of diabetics have systemic arte-
rial hypertension (SAH), which shows the close relation-
ship between such diseases [5]. SAH, in turn, substantially
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contributes to morbimortality in patients with diabetes [6],
with oxidative stress (OS) configuring an important mech-
anism in the pathophysiology of DM [7] and SAH [8, 9].
In DM, OS acts as a mediator of insulin resistance (IR),
and its progression to glucose intolerance and installation of
DM, subsequently favoring the appearance of atherosclerotic
complications [7], possibly contributes to the rise of several
micro- and macrovascular complications associated with
diabetes [10, 11].

In conditions of severe OS, cell damage may occur with
decreased pancreatic beta-cell function, which, due to the
low expression of antioxidant enzymes, is particularly sen-
sitive to reactive oxygen and nitrogen species (RONS) [12].
These molecules may act on different substrates in the insulin
intracellular signaling cascade, causing cell damage [13].

In this scenario, the energy substrate overload to the cells,
mainly from the higher glucose levels, increases the flow of
electron donors (NADH and FADH2) to the mitochondrial
electron transport chain. As a result of such process, the
voltage gradient across the mitochondrial membrane reaches
a critical threshold, blocking the complex III and causing an
electron return to the coenzyme Q, which donates electrons
to molecular oxygen, ultimately generating superoxide anion
(•O2

−) [14]. This process is probably the common event for
all the classic routes for DM2 complications (increased flux
in the polyol and hexosamine pathways; increased formation
of advanced glycation end products; activation of protein
kinase C-PKC), with the hyperglycemia being described as
the probable biochemical key involved in the induction of
such pathways [15]. For Monnier and Colette [16], both the
activation of the OS and the excessive glycation of proteins
caused by hyperglycemia appear as important components
in the emergence of diabetic complications, and the patho-
physiology of diabetes could be considered as a result of these
two deleterious metabolic alterations which are activated
by three main glucose disturbances: fasting hyperglycemia,
postprandial hyperglycemia, and acute glucose fluctuations.

Thus, considering the still to be determined mechanisms
involved in the binomial DM-OS, this study aimed to evalu-
ate OS through enzymatic and nonenzymatic biomarkers in
DM2 patients with and without SAH and in prediabetic con-
dition (pre-DM), in a specific population of Northeastern
Brazil, and to investigate the relationship of OS parameters
with anthropometric, biochemical, clinical, and socioeco-
nomic profiles of these patients. This is the first detailed study
of diabetes and OS in a population presenting typical socioe-
conomical features observed in developing countries, in
which this disease has been increasing.

2. Material and Methods

2.1. Design of the Study and Participants. DM2 carriers were
selected among patients admitted to the Municipal Inte-
grated Center for Diabetes and Hypertension (ICDH) of
Barbalha, a city located in the south of the state of Ceará, in
Northeastern Brazil. Barbalha has 54,806 inhabitants spread
over an area of 479.82 km2 [17]. Criteria for inclusion/exclu-
sion of patients were as follows: included patients were non-
smokers, nonpregnant, and nonlactating women, patients

without excessive alcohol consumption, those aged above 18,
and all without secondary diabetes. Excessive alcohol con-
sumption was defined when the alcoholic intake exceeded the
estimated volume for moderate use of alcohol, considering
the limits of three daily doses for men and two for women, or
five doses for occasion, at least once a week. The considered
standard doses for alcoholic drink were 350 mL for beer,
150 mL for wine, or 50 mL for distilled drink, according to
data from the Center for Information on Health and Alcohol
(Centro de Informações Sobre Saúde e Álcool, CISA, 2011)
[18]. Patients with mental health problems (senile dementia
and Alzheimer’s disease, among others) were also excluded,
as they configure vulnerable groups, beyond the scope of this
study. The control group was selected among the participants
in the group of elderly from the Reference Center for
Social Assistance (Centro de Referência de Assistência Social,
CRAS), situated in Barbalha.

The sample was determined nonprobabilistically, initially
including all patients followed in the aforementioned ref-
erence centers as potential participants. After considering
inclusion and exclusion criteria, as well as losses during the
selection process, a total of 93 patients were enrolled as
participants, being 55 in the case group and 38 as controls
(9 of whom were prediabetics). The steps starting from the
sampling universe until the final groups are illustrated in
Figure 1. We collected information on lifestyle habits (smok-
ing and drinking), use of medications, comorbidities, time
course of DM2, age, ethnicity/race, education, income, and
personal and family history of the disease. Anthropometric
data (waist circumference, height, and weight) and arterial
pressure measurement were obtained before blood collec-
tion. Patients with no history of alcohol abuse [18] and non-
pregnant or breastfeeding women were allocated in the study.
The frequency of metabolic syndrome (MS) was assessed
according to the criteria of the National Cholesterol Educa-
tion Program’s Adult Treatment Panel III [19]. The group
of diabetics had 55 participants, of whom 45 had SAH and
10 were normotensive. The control group consisted of 29
nondiabetic individuals (17 hypertensive and 12 normoten-
sive) from the same city, with sex and age ratios similar to
patients with DM2 (Figure 1).

In the hypertensive subgroups, those with an established
diagnosis of SAH in both the DM2 and the control
groups were included. The screening of the last group
revealed 9 subjects with fasting glycemia between ≥5.6 and
<7.0 mmol/L−1 [20] which configured a third group, the pre-
DM. In this group, six patients were under treatment with
antihypertensive drugs (Figure 1).

2.2. Blood Collection and Biochemical Analysis. Blood was
collected after 12 to 14h fasting (overnight). The biochemical
profile was determined by standard laboratory methods,
immediately after collection. For measurement of superoxide
dismutase (SOD-EC 1.15.1.1), catalase (CAT-EC 1.11.1.6)
and glutathione peroxidase (GPx-EC 1.11.1.9) activities,
total thiols (SH), and lipid peroxidation (LPO, through thio-
barbituric acid reactive substances (TBARS)), samples were
kept cooled until the completion of blood collection and then
centrifuged at 4000 rpm, at 4◦C for 5 minutes. The products
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Figure 1: Schematic sequence of steps followed during the patients’ selection process. C(+)SAH: hypertensive controls; C(−)SAH: nor-
motensive controls; DM(+)SAH: hypertensive diabetics; DM(−)SAH: normotensive diabetics; Pre-DM: prediabetics; Pre-DM(+)SAH:
hypertensive prediabetics; pre-DM(−)SAH: normotensive prediabetics.

of centrifugation (serum, plasma, and erythrocytes) were
stored at −80◦C, and the analysis was performed between 1
and 4 months after collection.

The concentrations of OS markers were determined
by spectrophotometric methods. GPx activity in plasma
samples was evaluated according to the protocol described by
Wendel [21]. The activities of SOD and CAT were measured
in erythrocytes. For SOD activity, a commercial kit from
Fluka was used, following the manufacturer’s instructions.
CAT activity was determined by the decay rate of a reaction
containing phosphate buffer and hydrogen peroxide (H2O2),
according to Xu et al. [22], with appropriate adjustments for
erythrocyte lysates. The absorbances were read in a micro-
plate reader (Multiskan GO Microplate Spectrophotome-
ter, Thermo Scientific). The values for both enzymes were
normalized by the concentration of hemoglobin (Hb) and
expressed in U·Hb−1, mmol·L−1.

The measurement of thiol groups (SH) and LPO (TBARS)
was carried out in plasma, by the methods described by
Ellman [23] and Wallin et al. [24], respectively. IR was esti-
mated using the mathematical homeostasis model assess-
ment (HOMA-IR), calculated by the formula (FI× FG)/22.5,
where FI is the fasting insulinemia, in mUI·mL−1, and FG is
the fasting glycemia, in mmol·L−1 [25].

2.3. Statistical Analysis. Inferential statistical techniques were
used by means of the following tests: Pearson’s chi-square
test or Fisher exact, when the conditions for using the chi-
square test were not observed. Groups were unequal as

individuals were selected based on the inclusion/exclusion
criteria described above. One-way ANOVA was applied in
order to examine the differences in the variables TBARS,
SOD, CAT, GPx, SOD/CAT, SH, uric acid, CER, and TRF
among groups. Tukey’s multiple comparison was used in case
of significant difference. For the correlation analysis it was
used the Spearman correlation coefficient, and for statistical
significance, a margin of error of 5% was adopted. Data
were analyzed using the software SPSS (Statistical Package for
Social Sciences), version 17.

2.4. Ethics. This study was approved by the Ethics Commit-
tee at the Faculty of Medicine of North Juazeiro (Juazeiro do
Norte, Ceará, Brazil) (Protocol no. 180/2008), in accordance
with the principles described in the Declaration of Helsinki.
All participants signed a consent form prior to the applica-
tion of the research protocols.

3. Results

The subjects of this study consisted of 93 individuals, aged
40–86 years, with 55 DM2 patients, 9 pre-DM, and 29
controls, with similar ages and a female predominance. The
average time from diagnosis of diabetes was 11.6± 7.8 years.
Table 1 presents the characterization of the study sample,
according to socioeconomic, clinical, biochemical, and
anthropometric profiles. Taken together, the body of data
reveals homogeneity between the groups in terms of ethnic-
ity, lipid profile, and anthropometric measurements.
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Table 1: Distribution of the groups studied according to socioeconomic, clinical, biochemical, and anthropometric profiles.

Variable
Groups

DM2 (n = 55) Pre-DM (n = 9) Control (n = 29) P value

Socioeconomic profile

Agea, years (X ± SEM) 65.2 ± 1.5 73.4 ± 1.7 66.2 ± 1.9 NS

Sexb, M/F (%) 29.1/70.9 33.3/66.7 20.7/79.3 NS

Ethnicity/colorc, W/BL/BR (%) 18.2/20/61.8 0/0/100 6.9/17.2/75.9 NS

Educationc,d, 0/1-4/5+ (%) 32.7/34.5/32.7 77.8/22.2/0 84.6/11.5/3.8 <0.001∗∗∗

Incomec,e, ≤1/>1 (%) 56.4/43.6 44.4/55.6 26.9/73.1 0.04∗

Lifestyle profile

Tobacco usec, ES/NS (%) 42.6/57.4 75/25 69/31 0.035∗

Drinking, N/Y (%)# 98.2/1.8 77.8/22.2 73.1/26.9 —

Clinical profile

CVDfamilyb, Y/N (%) 90.9/9.1 55.6/44.4 41.4/58.6 <0.001∗∗∗

DMfamilyc, Y/N (%) 63.6/36.4 33.3/66.7 20.7/79.3 <0.001∗∗∗

SAHfamilyc, Y/N (%) 78.2/21.8 44.4/55.6 34.5/65.5 <0.001∗∗∗

SBP (mmHg)a (X ± SEM) 137.4 ± 2.1 140.0 ± 8.1 134.5 ± 3.9 NS

DBP(mmHg)a (X ± SEM) 82.5 ± 0.9 83.3 ± 3.3 82.4 ± 1.6 NS

MSb, Y/N (%) 81.8/18.2 55.6/44.4 48.3/51.7 0.005∗∗

Biochemical profile

FG (mmol·L−1)a (X ± SEM) 7.7 ± 0.5(A) 5.9 ± 0.1(B) 4.3 ± 0.1 <0.001∗∗∗

HbA1c (%)a 8.0 ± 0.3(A) 5.9 ± 0.1 6.0 ± 0.2 <0.001∗∗∗

HOMA-IR (μU·L−1·mmol−1·L−1)a (X ± SEM) 8.0 ± 1.7(A) 2.8 ± 0.5 1.8 ± 0.3 0.019∗

TC (mmol·L−1)a (X ± SEM) 5.5 ± 0.1 5.9 ± 0.3 5.2 ± 0.3 NS

HDL (mmol·L−1)a (X ± SEM) 1.2 ± 0.03 1.3 ± 0.05 1.1 ± 0.04 NS

LDL (mmol·L−1)a (X ± SEM) 3.2 ± 0.14 3.6 ± 0.33 3.2 ± 0.24 NS

VLDL (mmol·L−1)a (X ± SEM) 1.1 ± 0.1 1.01 ± 0.14 0.8 ± 0.07 NS

TG (mmol·L−1)a (X ± SEM) 2.5 ± 0.23 2.2 ± 0.3 1.8 ± 0.15 NS

Anthropometric profile

BMI (kg·m−2)a (X ± SEM) 29.4 ± 0.8 27.0 ± 0.9 27.3 ± 0.8 NS

WC (cm)a (X ± SEM) 102.8 ± 1.7 95.1 ± 2.6 95.6 ± 2.0 NS
a
ANOVA, Tukey; bPearson’s test χ2; cFisher exact test; din years of study; ein minimum salary; NS: not significant; (A)when compared to pre-DM groups and

the control; (B)when compared to the control.

The frequency of MS was higher in diabetic patients
(81.8%), followed by pre-DM (55.6%) and then the control
subjects (48.3%). Family history revealed a high percentage
of diabetics presenting a relative with DM and/or SAH. The
groups did not differ in terms of average systolic and diastolic
blood pressures (Table 1).

As expected, biochemical evaluation revealed a higher
fasting glycemia in diabetics, compared to pre-DM and the
controls, and in the pre-DM, when compared to the controls
(7.7±0.5 mmol·L−1; 5.9±0.1 mmol·L−1; 4.3±0.1 mmol·L−1,
resp., P < 0.001) (Table 1). Also, glycated hemoglobin
(HbA1c) was higher in diabetics compared to pre-DM and
the controls, with significant differences only between the
first two (DM2: 8.0±0.3%; pre-DM: 5.9±0.1%; control: 6.0±
0.2%, P < 0.001) (Table 1). As for HOMA-IR, the diabetics
presented the highest average of the three groups (DM2:
8.0 ± 1.7; pre-DM: 2.8 ± 0.5; control: 1.8 ± 0.3, P = 0.019),
with no significant difference between pre-DM and controls.

The assessment of body mass index (BMI) showed no
difference between the groups. However, considering the
cutoff (underweight, normal, overweight, and obesity), the

three groups showed a higher frequency in the range of over-
weight (DM2: 36.4%; pre-DM: 55.6% C: 44.8%), noting that
40% of diabetic patients show a BMI above 30 kg·m2,−1 (data
not shown). In stratified groups, BMI of diabetic patients
with SAH (DM(+)SAH) was higher compared to diabetics
and the controls without SAH (DM(−)SAH and C(−)SAH,
resp.) (DM(+)SAH: 30.1±5.8 kg·m2,−1; DM(−)SAH: 26.1±
4.1 kg·m2,−1; C(−)SAH: 26.4 ± 3.5 kg·m2,−1, P = 0.043).
Regarding the analysis of waist circumference (WC), higher
values were found in DM(+)SAH in relation to the C(−)SAH
(DM2(+)SAH: 104.2±12.2 cm; C(−)SAH: 92.4±8.7 cm, P =
0.007), while the frequency of increased WC was found in
74.5% of diabetics, 66.7% of pre-DM, and 62.1% of controls
(data not shown).

Figure 2 shows the results of transport proteins transfer-
rin (TRF) and ceruloplasmin (CER), and the uric acid and
total thiols (SH) levels, with higher TRF levels in DM2 and
pre-DM compared to the control group (DM2: 2.5 ± 0.1;
pre-DM: 2.5 ± 0.1; controls: 2.0 ± 0.1, g·L−1, P < 0.001
(Figure 2(g)). However, there were no significant differences
in uric acid and SH levels (Figures 2(d) and 2(a)) between
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Figure 2: Nonenzymatic antioxidants and transport proteins. (a), (b), and (c) Total thiols; (d), (e), and (f) uric acid; (e) ∗pre-DM versus
C(+)SAH; (f) ∗DM2(−)LPO versus C(+)SAH; (g) TRF ∗DM2 and pre-DM versus C; (h) TRF in stratified groups, ∗DM2(+)SAH versus
C(+)SAH and C(−)SAH; (i) TRF ∗DM2(−)LPO versus C(+)SAH and C(−)SAH, ∗∗DM2LPO versus C(+)SAH; (j), (k), and (l) CER; (k)
∗DM2(+)SAH versus DM2(−)SAH. Values are presented as mean± SEM. ANOVA, followed by Tukey’s multiple comparison test. ∗P < 0.05;
∗∗P < 0.01.
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DM2, pre-DM, and the control groups. After stratification,
the DM2(+)SAH group showed a higher concentration
of TRF than the C(+)SAH group (DM2(+)SAH: 2.5 ±
0.1 g·L−1; C(+)SAH: 2.0 ± 0.1 g·L−1), with no differ-
ence between the other groups (Figure 2(h)). The CER
showed a significant difference only between DM2(+)SAH
and DM2(−)SAH (DM2(+)SAH: 373.0 ± 11.2μmol·L−1;
DM2(−)SAH: 305.0±10.0μmol·L−1, P = 0.019) (Figure 2(k)).

When assessing the antioxidant enzymes, only SOD
activity presented significant variations among the groups
(Figure 3). Diabetic patients had increased SOD activity
compared to pre-DM and the controls (DM2: 1.6± 0.3; pre-
DM: 1.3 ± 0.1; control: 1.4 ± 0.1, U·Hb−1, mg·dL−1 P <
0.001, Figure 3(a)). The LPO was significantly higher in
diabetics than in the pre-DM and control groups, with no
difference between the last two (DM2: 19.8 ± 1.4; pre-DM:
9.5±0.5; control: 8.6±0.4, μmol·Ptn−1, mg·dL−1, P < 0.001),
as shown in Figure 4(a). This observation in the stratified
subgroups showed that differences in SOD activity were
detected only comparing DM2(+)SAH to the pre-DM and
the C(−)SAH groups (DM2(+)SAH: 1.6 ± 0.3; pre-DM:
1.3 ± 0.1; C(+)SAH: 1.3 ± 0.1 U·Hb−1, mg·dL−1, P =
0.001) (Figure 3(b)). The LPO levels of the two diabetic
groups were significantly higher than levels of the pre-DM,
C(+)SAH, and C(−)SAH groups (DM2(+)SAH: 18.7 ± 1.4;
DM2(−)SAH: 24.6±4.2; pre-DM: 9.5±0.5; C(+)SAH: 8.0±
0.5; C(−)SAH: 9.2 ± 0.8μmol·Ptn−1, mg·dL−1, P < 0.001,
Figure 4(b)). To better understand the significance of these
differences in LPO values among the different types of
diabetic, prediabetic, and control individuals, DM2 carriers
LPO levels were individually assessed (Figure 4(c)). This
individual analysis evidenced two distinct subgroups of DM2
carriers with different LPO profiles. From the 55 patients
of the DM2 group, 25 presented high LPO levels, with
TBARS concentrations above 17.8 μmol·Ptn−1, mg·dL−1

(DM2LPO), and 29 subjects had TBARS concentration at
lower levels than this limit (DM2(−)LPO) (altogether, the
groups do not total 55 due to the lack of available samples
for measuring lipid peroxidation in one patient). Stratifica-
tion of diabetic patients into DM2LPO and DM2(−)LPO
subgroups revealed further significant variations, as DM2
patients exhibiting higher LPO levels had also presented
increased FG and HbA1c levels (Figures 4(e) and 4(f)).
Moreover, average LPO levels in DM2(−)LPO group were
not different from the other groups, but the DM2LPO group
had significantly higher values. In the DM2LPO group, total
SOD activity was shown to be significantly higher than in
pre-DM, C(+)SAH, and C(−)SAH (Figure 3(c)). Further-
more, the DM2(−)LPO patients had higher total SOD activ-
ity compared to the C(+)SAH group. When analyzing the
SOD/CAT ratio, it was observed greater ratio values between
DM2 versus controls, DM2(−)SAH versus C(+)SAH, and
DM2LPO versus C(+)SAH (Figures 3(j), 3(k), and 3(l)).
The SOD/GPx ratio did not differ among groups (data not
shown). No significant difference was observed neither for
CAT and GPx activities (Figures 3(f) and 3(i), resp.), nor for
the SH concentrations (Figure 2(c)) and CER (Figure 2(l)).
Uric acid concentration was shown to be higher in the
DM2(−)LPO group versus C(+)SAH (Figure 2(f)), and TRF

concentration to be higher in the DM2LPO group versus
C(+)SAH, and in the DM2(−)LPO group versus C(+)SAH,
and C(−)SAH (Figure 2(i)).

For the correlation analysis observed between biochemi-
cal parameters and the OS (Figure 5), it was shown a positive
correlation between the variables LPO versus FG (Figure
5(a)) among diabetic patients. Such correlation was stronger
for glucose levels above 5.6 mmol·L−1 (Figure 5(b)). It was
also observed a positive correlation between HbA1c and LPO
(Figure 5(d)), but when we assessed the cutoff points above
and below 6.5%, it was observed that the correlation was kept
only for the levels above 6.5% (Figure 5(e)). Another positive
correlation was identified between the HOMA-IR and LPO
(Figure 5(g)), the same not being observed for the fasting
insulin levels (Figure 5(h)).

Analysis of the pharmaceuticals used by the subjects of
this study showed that 76.4% of diabetics, 66.7% of the pre-
DM, and 37.9% of the controls were using antihyperten-
sive drugs, with angiotensin-converting enzyme inhibitors
(ACEI) (captopril and enalapril) being the most used class by
the three groups. Among the diabetics evaluated, 51 (92.7%)
were using oral antidiabetic drugs (sulphonylurea and/or
biguanide). Furthermore, 32.7% of the diabetics and 10.3%
of the controls were using acetylsalicylic acid (ASA), as
shown in Table 2.

4. Discussion

In the present study, besides the higher LPO in DM2 patients,
SOD activity was shown to be increased in such individuals.
Some studies in patients with DM2 have revealed a decrease
in antioxidant defenses and an increase in oxidative damage
markers, especially against complications associated with
DM2 [26–28]. However, similar results to ours were found
by Moussa [29], who observed that SOD, in erythrocytes,
showed the highest activity in type 1 and type 2 diabetics and
an increase in LPO, assessed by MDA quantification, sug-
gesting an augmented production of RONS in such patients.
Savu et al. [30] also found high total antioxidant capacity
and higher concentration of TBARS, in patients with DM2.
In this direction, Kimura et al. [31] found elevated concen-
trations of a variant of extracellular SOD (EC-SOD) in DM2
patients compared to the controls, with a positive correlation
between the levels of EC-SOD and micro- and macrovascular
complications.

The presence of oxidative damage, despite the increase in
total SOD activity, could be explained by different cellular
responses to the OS [10], due to several factors, being related
both to the depletion of antioxidant defenses and to the
increased production of RONS, such as the high production
of superoxide anion radical (•O2

−), the presence of toxins
or even more, the excessive activation of the natural systems
of production of these reactive species, such as activation
of phagocytic cells in chronic inflammatory diseases, as
observed in DM [10]. Thus, the increase in total SOD
activity, observed in the present study, suggests a possible
adaptive response, probably due to the increased production
of the •O2

−, which would lead to an augmentation in the
production of H2O2. This mechanism, by its turn, would
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Figure 3: SOD, CAT, and GPX activities. (a) Total erythrocyte SOD in diabetic patients, pre-DM and controls; ∗DM2 versus pre-DM, and
C; (b) total erythrocyte SOD activity, ∗DM2(+)SAH versus pre-DM and C(+)SAH; (c) total erythrocyte SOD activity, ∗DM2(−)LPO versus
C(+)SAH; ∗∗DM2LPO versus pre-DM, C(+)SAH and C(−)SAH; (d), (e), and (f) erythrocyte CAT activity; (g), (h), and (i) extracellular
GPx activity in plasma. (j) SOD/CAT ratio, ∗DM2 versus C, (k) SOD/CAT ratio, ∗DM2(−)SAH versus C(+)SAH, and (l) SOD/CAT ratio,
∗DM2LPO versus C(+)SAH. Values are presented as mean ± SEM. ANOVA, followed by Tukey’s multiple comparison test. ∗P < 0.05;
∗∗P < 0.01.
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Figure 4: Lipid peroxidation, TBARS, fasting glucose, and HbA1c according to the studied groups. (a) TBARS concentration in DM2,
pre-DM, and controls, ∗versus pre-DM groups and C; (b) TBARS concentration in stratified groups, ∗versus pre-DM, C(+)SAH, and
C(−)SAH; (c) individual assessment for LPO in the stratified groups; (d) TBARS concentration according to the cutoff points in DM2
patients, ∗DM2LPO versus DM2(−)LPO, pre-DM, C(+)SAH, and C(−)SAH; (e) fasting glucose, ∗DM2LPO versus DM2(−)LPO, pre-DM,
C(+)SAH, and C(−)SAH; (f) HbA1c ∗DM2LPO versus DM2(−)LPO, pre-DM, C(+)SAH, and C(−)SAH. Values are presented as mean ±
SEM. ANOVA, followed by Tukey’s multiple comparison test. ∗P < 0.05.
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Figure 5: Correlation coefficients (Spearman’s correlation) and linear regression in DM2 patients among fasting glucose, HbA1c, and LPO
(TBARS). (a) TBARS versus fasting glucose in the DM2LPO group; (b) TBARS versus fasting glucose in DM2 patients, when considering
values above 5.6 mmol·L−1 and (c) below 5.6 mmol·L−1; (d) TBARS versus HbA1c in the DM2LPO group; (e) TBARS versus HbA1c in DM2
patients, according to the cutoff point above 6.5% and (f) below 6.5%; (g) TBARS versus HOMA-IR in the DM2LPO group; (h) TBARS
versus insulinemia in the DM2LPO group. Values were considered statistically significant when P < 0.05.
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Table 2: Pharmaceuticals used by participants in the groups studied.

Pharmaceutical
Patients under medication use (%)

DM2 Pre-DM Control

Diuretic (thiazide/potassium sparing) 16/55 (29.1%) 2/9 (22.2%) 3/29 (10.3%)

Adrenergic antagonist (beta blockers and centrally acting) 5/55 (9.1%) 2/9 (22.2%) 2/29 (6.9%)

ACEI (captopril/enalapril) 27/55 (49.1%) 4/9 (44.4%) 8/29 (27.6%)

ARB AT1 (Losartan) 10/55 (18.2%) — —

Calcium channel blockers (nifedipine/amlodipine) 9/55 (16.4%) 1/9 (1.1%) —

OAD—sulphonylurea (glibenclamide/gliclazide) 40/55 (72.7%) — —

OAD—biguanide (metformin) 42/55 (76.4%) — —

Statins 6/55 (10.9%) — 2/29 (6.9%)

Insulin 15/55 (27.3%) — —

ASA 18/55 (32.7%) — 3/29 (10.3%)

Values are expressed in absolute numbers and percentages. The relative values do not total 100% because there are patients who underwent combined therapies.
ACEI: angiotensin-converting enzyme inhibitor; ARB AT1: AT1 angiotensin receptor antagonist; OAD: oral antidiabetic; ASA: acetylsalicylic acid.

probably require a higher activity of CAT and GPx. Neverthe-
less, in this study, no significant differences were detected in
the activities of these enzymes in any of the groups (Figure 3).
In this sense, the higher SOD/CAT ratio in the DM2 versus
controls, DM2(−)SAH versusC(+)SAH, and DM2LPO ver-
susC(+)SAH may suggest an imbalance between SOD and
CAT activities in these groups, which, in turn, could indicate
the increase in H2O2 production. The latter reactive species,
when in high concentrations, had been associated with
lesions in the pancreatic beta cells, causing disturbance both
in cell signaling and gene expression [32]. However, the
present study did not include the quantification of H2O2.

In the absence or inefficiency of defenses against RONS,
OS would occur, leading to the activation of cellular
mechanisms involved in the stress response, such as NFkB,
p38MAPK, and JNK/SAPK, which would stimulate the pro-
duction of inflammatory cytokines involved in diabetic com-
plications and in pancreatic beta cells dysfunction, thus
intensifying defective insulin production [33]. In this
context, increased production of RONS by mitochondria
becomes deleterious for cell function, once species such as
H2O2 and ONOO− can cross the mitochondrial membranes,
damaging macromolecules in diverse cellular structures [4].
It is well established that impaired cell glucose metabolism
affects mitochondrial function and enhances reactive species
production [34], and this seems to be implicated in the
cases of IR and endothelial dysfunction which results in the
persistence of the metabolic imbalance observed in DM car-
riers [5]. In this scenario, hyperglycemia has been described
as a generator of OS [35, 36]. In accordance with such des-
cription, Yang et al. [36] observed greater serum LPO, using
the marker MDA, in hyperglycemic mice, verifying that this
increase exacerbated the occurrence of myocardial infarction
through NADPH oxidase activation. A study by Marfella et
al. [37] showed that acute hyperglycemia increased the OS,
via an increase in the nitrotyrosine levels by a peroxynitrite-
independent mechanism, during hyperglycemic clamp, even
in individuals without diabetes. These data corroborate the
results described after the individual assessment of DM2
carriers in this study, in which two distinct groups were

observed, one with elevated LPO (DM2LPO) and poor
glycemic control and another with proper glycemic control
and LPO similar to that observed for the remaining groups.
Interestingly, these results were independent of the presence
of SAH. In these patients, the observed correlations between
FG and HbA1c with LPO, especially for levels above
5.6 mmol·L−1 and 6.5%, respectively, are equally indicators
of the critical role of the glycemic control in the occurrence
of LPO. Thus, it is plausible to suggest that the evident lack of
glycemic control, despite the use of pharmaceuticals for this
purpose, may promote oxidative stress through NADPH oxi-
dase activation, subsequently increasing •O2

−, which could
account, at least partially, for the redox imbalance identified
in the case group, as observed by its augmented LPO, the
latter followed by increased SOD activity (Figure 3).

The increased degree of IR, observed in this study from
HOMA-IR (Table 1), perhaps represents a compensatory
mechanism, protecting adipocytes and muscle cells from OS,
which is a key element in the pathogenesis of IR in pancreatic
beta-cell dysfunction and in hypertension [7]. Furthermore,
it was observed a positive correlation between this marker
and TBARS in the DM2LPO group, which is corroborated
by studies that have demonstrated the association between
IR and OS [38, 39] and with LPO markers [39], further rein-
forcing the connection between glycemic metabolism and
OS.

Regarding the transport proteins, high levels of TRF in
diabetics and prediabetics, in comparison to the controls
(Figure 2(h)), indicate a possible high concentration in the
presence of OS. Furthermore, our findings show a significant
difference in the levels of TRF between DM2(+)SAH versus
pre-DM and C(+)SAH (Figure 2(i)). In contrast, these data
differ from those observed by Memişoǧullari and Bakan [40],
who found that the concentration of TRF was lower in dia-
betics, especially in those with cardiovascular complications.
For CER, an increased concentration was observed only in
the DM2(+)SAH group, in relation to the DM2(−)SAH
group, with no difference between the other groups
(Figure 2(k)). A study by Vasconcelos et al. (2011) showed a
high concentration of CER in hypertensive patients [9] but
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found no difference between the C(+)SAH and C(−)SAH
groups. A possible explanation for such apparent discrepan-
cies may be the dependency on diverse factors which directly
interfere in the metabolic state, such as age, sex, individual
dietary profile, time course of the disease, and presence of
comorbidities.

In this sense, the groups assessed presented similar
patterns for age, body fat distribution, BMI, and lipid profile,
as well as proportionality between genders. These are impor-
tant parameters since some of them can be related to OS,
besides being related to several diseases. In older groups (40–
69 years), different concentrations for MDA between genders
had been already described [41]. Concerning body fat dis-
tribution, the waist circumference (WC) was assessed, being
a risk factor for DM2 and cardiovascular diseases (CVD),
along with the BMI [42]. In this context, obesity has been
related to OS [38, 43]. Accordingly, D’Archivio et al. [38]
demonstrated that obese individuals with IR present a profile
for the OS similar to that observed in patients with diabetes.
Thus, different cardiometabolic parameters are likely syner-
gistically acting, evoking the environment of OS evidenced
in DM carriers, as reinforced by the present study. Another
substantial factor associated to OS in human populations is
smoking. Block et al. [44] observed that the MDA levels were
higher in smoker adults (19–78 years) than in nonsmokers,
the same not being observed for another marker, the F2-Iso-
prostane. Notwithstanding, smoker subjects were excluded
in the present study.

It is worth noting that in 90% of diabetic patients using
oral anti-diabetic agents and about 90% of hypertensive dia-
betics using antihypertensive drugs (Table 2), pharmaceuti-
cals with proven antioxidant action, the presence of oxidative
damage was still found, so that the possible attenuation of
the medication was not sufficient to prevent the occurrence
of OS. The probable antioxidant effect of oral antidiabetic
agents, especially metformin [45], and of antihyperten-
sive drugs has already been described [46, 47]. Metformin
analyzed in vitro, for example, was able to react with •OH,
but not with •O2

− [45]. Of the other medications used by
some study participants, ASA (aspirin) showed a protective
effect against cytotoxicity of H2O2 on endothelial cells of
animals in vitro [48], with reduced levels of MDA in rabbits
[49]. In addition, statins may attenuate the OS in diabetics
[50]. Furthermore, Evans et al. [51] demonstrated that
insulin therapy improved OS in patients with DM2, probably
through changes in the metabolism of free fatty acids. In
this study, among the DM2 group, 10.9% were using statins,
27.3% were on insulin therapy, and 32.7% used ASA. Despite
this, OS was still detected in these patients, highlighting the
complexity of the metabolic pathways determinant of OS in
DM, in which the regular use of well-known antioxidant
drugs was not capable of inhibiting the establishment of
the observed imbalance. Finally, even though the considered
sample presents a relatively small size, the occurrence of sta-
tistical significance for some of the assessed variables points
to the relevance of our findings, as indicators which deserve
better attention in further evaluations from larger popula-
tion studies, especially those related to the redox imbalance

participation in determining or maintaining the metabolic
alterations observed during the course of DM.

5. Conclusions

Advances towards comprehending the mechanisms in the
binomial DM-OS described in the literature allowed the
identification and use of biomarkers related to its develop-
ment, as well as to its complications, opening future possi-
bilities for advancement and practical application, including
the therapeutic management of this important metabolic
disease. Thus, it is believed that the identification and
application of novel biomarkers in diagnosis are essential for
better understanding of the pathogenesis of diseases accom-
panied by OS, as well as for the development of new
therapeutic approaches. The data presented herein strongly
suggest the involvement of OS in the pathophysiology of
diabetes and corroborate the hyperglycemia, along with IR,
as key points in this process, mainly demonstrating that the
increased LPO presents a close relationship with the high
glycemic levels in DM2 patients, especially with the FG,
irrespective of the presence of SAH. Such observation for
DM as the main determinant of OS either in the presence or
absence of SAH is, in our opinion, the major finding of the
present work.
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−: Superoxide anion radical
OH: Hydroxyl radical
OS: Oxidative stress
oxLDL: Oxidized LDL
PKC: Protein kinase C
pre-DM: prediabetics
RONS: Reactive oxygen and nitrogen species
SAH: Systemic arterial hypertension
SAHfamily: Systemic arterial hypertension in the family
SBP: Systolic blood pressure
SOD: Superoxide dismutase
SH: Total thiols
TC: Total cholesterol
TG: Triglycerides
TRF: Transferrin
UFAL: Federal University of Alagoas
VLDL: Very low-density lipoprotein
W/Bl/Br: White/black/brown
WC: Waist circumference
Y/N: Yes/no.
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