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Abstract

Type 2 diabetes mellitus and its complications are associated with oxidative
stress and the depletion of antioxidant defenses. The influence of acetylsali-
cylic acid on reversing the decrease in antioxidants, insulin resistance, glucose
homeostasis, and inflammatory cascade can help prevent diabetes complica-
tions. Purpose: The aim of the study was to evaluate the effect of acetylsali-
cylic acid on the antioxidant enzymatic system in patients with diabetes.
Methods: A randomized, double-blind, placebo-controlled clinical trial was
carried out in 21 patients of both sexes with Type 2 diabetes for less than five
years at the time of diagnosis, without pharmacological treatment, and ran-
domly selected. Acetylsalicylic acid (300 mg) was administered orally for
three months to the study group (n = 11) compared to the placebo control
group (n = 10). Before and after the intervention, anthropometric and meta-
bolic measurements were taken, fasting plasma glucose, glycated hemoglobin
Alg, lipid profile panel, glutathione peroxidase, superoxide dismutase, cata-
lase, and antioxidant capacity/activity were determined; values are presented
as mean + standard deviation. Intra- and intergroup differences were tested
by Wilcoxon signed rank and Mann-Whitney U test, respectively; p-value <
0.05 was considered statistically significant. Results: The acetylsalicylic acid
group showed a decrease in weight (85.6 = 19.3 vs. 84.1 = 19.0 kg p = 0.01),
cholesterol (205.9 + 16.6 vs. 186.0 + 23.2 mg/dL p = 0.02), and glycated he-
moglobin Alc (7.8% * 0.9% vs. 7.0% + 0.7% p = 0.02). The placebo group ex-
hibited reduction in weight (76.1 £ 14.9 vs. 74.9 + 15.0 kg p = 0.04), glycated
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hemoglobin Alc (6.9% + 0.6% vs. 6.2% * 0.4% p = 0.004), and total antioxi-
dant capacity (4.1 + 0.5 vs. 4.8 + 0.3 mmol/L p = 0.002). Conclusion: The
administration of acetylsalicylic acid did not modify the antioxidant enzyme
system.
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Type 2 Diabetes Mellitus, Acetylsalicylic Acid, Oxidative Stress, Glucose,
Glycated Hemoglobin Alc

1. Introduction

Advanced glycation end-products (AGEs) are generated in the diabetic milieu
due to chronic hyperglycemia and enhanced oxidative stress [1]. Type 2 diabetes
mellitus (T2DM), a hydrocarbon disorder of increased incidence worldwide, is
also known as a state of oxidative stress in which there is an imbalance between
excessive formation and insufficient removals of highly reactive molecules, such
as reactive oxygen species (ROS) and reactive nitrogen species (RNS). Among
these highly reactive molecules, two well-known species for their relationship to
the endothelium are superoxide ion ( O; ) and its counterpart, nitric oxide (NO")
[2]. In this regard, oxidative stress plays a decisive role in the development of
complications in T2DM [3]. Excessive oxidant activity is mechanically related to
various etiologies of insulin resistance and cardiovascular disease [4]. Many
sources of oxidative stress exist in T2DM, including enzymatic, non-enzymatic,
and mitochondrial pathways. Mainly, increased oxidative stress occurs due to
various factors [5] and the most dominant is the autoxidation of glucose, result-
ing in the development of free radicals [6]. The interaction of advanced glycation
end products with their cellular receptors promotes the intracellular production
of free radicals and lowers intracellular levels of antioxidants [7]. It is also
known that B-cells have relatively low levels of free radical detoxifying and re-
dox-regulating enzymes, such as superoxide dismutase (SOD), glutathione pe-
roxidase (GPx), catalase, and total antioxidant capacity (TAC) [8]. Nonetheless,
low-dose acetylsalicylic acid (ASA) therapy of 150 mg per day combined with
fluoxetine in patients with depression has shown a statistically significant de-
crease in copper-zinc superoxide dismutase (SOD1), catalase (CAT), GPx, and
malondialdehyde (MDA) antioxidant enzyme activities, as well as a statistically
significant increase in total antioxidant status (TAS) [9].

In experimental diabetes, low-dose ASA therapy is a standard therapeutic ap-
proach for the prevention of long-term vascular complications [10]. In this con-
text, several mechanisms of action have been proposed for ASA: 1) Scavenging
of hydroxyl radical and chelation of transition metals; 2) Upregulation of nitric
oxide; 3) Increased syn-thesis of lipoxins; 4) Inhibition of neutrophil oxidative
burst; 5) Inhibition of NF-kB and AP-1 protein kinases; 6) Inhibition of lectin-like
oxidized LDL receptor-1 [11], suggesting that ASA can prevent some of the late
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complications of diabetes by lowering glucose concentration and probably inhi-
biting glycation by acetylation of protein amino groups [12]. Thus, increasing
the antioxidant system may be a useful target for intervention strategies based on
reversing the negative impact of glucolipotoxicity in diabetes. Therefore, the
overall aim of this study was to evaluate the effect of ASA on the antioxidant

enzymatic system in patients with type 2 diabetes.

2. Materials and Methods

A randomized, double-blind, controlled clinical study was conducted in adult
patients (35 to 50 years old) with T2DM for less than five years at the time of
diagnosis. All participants attending the research unit were residents of the
Guadalajara Metropolitan Area (GMA), Mexico, with the same demographic,
social, and economic characteristics. The inclusion criteria were patients of any sex
with T2DM without pharmacological treatment, body mass index (BMI) between
25.0 and 35.0 kg/m?, stable body weight within three months before the start of the
study, glycated hemoglobin Alc (HbAlc) levels between 6.5 and 9.0% and without
a history of thyroid, liver, or kidney disease. The non-inclusion criteria were pa-
tients with recognized hypersensitivity to ASA, history of intake of dietary sup-
plements and/or antioxidants, smoking or drug abuse six months prior to the
study, history of bleeding, peptic acid disease or gastric ulcer, and pregnant or
lactating women during the study period.

All anthropometric measurements and vital signs, as well as the procedures
for the interrogation, physical examination, and integration of the clinical histo-
ry, were performed by universally accepted methods and under the Regulation of
the General Health Law of the United Mexican States on the Provision of Medi-
cal Care Services [13], and under the ethical principles for pharmacological re-
search in humans detailed in the latest revision of the International Conference
on Harmonization [14]. The study was reviewed and approved by the local Bio-
ethics and Research Committee of the Department of Physiology of the Univer-
sity Center for Health Sciences, University of Guadalajara (No. 14.012011), and
complied with the principles of the Declaration of Helsinki. Trial registration:
ClinicalTrial.gov NCT03341117, retrospectively registered. Written informed
consent was obtained from all volunteers.

Before the pharmacological intervention and three months after, tests were
performed at 8:00 a.m. following an overnight fast of 10 - 12 h. Weight and
height were recorded with the subjects wearing light clothing and without shoes.
Height was measured and rounded off to the nearest centimeter with the sub-
jects standing and using a calibrated scale. BMI was calculated as weight (kg) di-
vided by height (m?). The patients in standing position obtained the waist and
hip circumference measurements. The waist circumference was measured im-
mediately above the iliac crest and the hip circumference; the hip circumference
was taken at the point yielding the maximum circumference over the buttocks

with the tape held on a horizontal plane and feet positioned close together.
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Blood pressure and heart rate were measured after a period of rest of at least 5
minutes in a sitting position and determined using OMRON HEM-781INT dig-
ital equipment.

Venous blood was obtained while subjects were in a supine position in a quiet
room. Blood was allowed to clot for 30 min at room temperature and then cen-
trifuged to obtain a serum aliquot. Another sample was collected in a tube with
ethylenediaminetetraacetic acid to obtain a plasma aliquot. The first aliquot was
immediately used for the measurement of serum glucose, total cholesterol (TC),
HDL-cholesterol (HDL), and triglycerides (TG). Serum glucose was determined
by the glucose oxidase technique by (Boehringer Mannheim GmbH, Mannheim,
Germany), with an intra- and inter-assay coefficient of variation < 3%. The lipid
profile (TC, HDL, and TG) was measured enzymatically (Ortho-Clinical Diag-
nostics, Johnson &Johnson Company, Rochester, NY, USA) with an intra- and
inter-assay coefficient of variation < 2%, LDL cholesterol (LDL) was estimated
by the Friedewald formula (LDL = TC — HDL — TG/5) and VLDL cholesterol
(VLDL) with the TG/5 equation. The second aliquot was placed at —80°C to
perform the following tests: glutathione peroxidase activity kit by the colorime-
tric method (Catalog No. ADI-900-158, Enzo); superoxide dismutase assay (Item
no. 706002, Cayman Chemical Company); fluorometric catalase detection (Cat-
alog No. ADI-907-027, Enzo), and antioxidant assay (CS0790 SIGMA by BioTek
Synergy HT Multi-Mode Microplate Reader and Microplate Data Collection with
the Analysis Software GEN 5). The values were inferred previously from standar-
dized curves. Calculations relevant to the adequacy of the results were performed
according to the insert instructions. To determine HbAlc levels, ion-exchange
high-performance liquid chromatography was carried out (Bio-Rad Laborato-
ries, Hercules, CA) with an intra-assay coefficient of variation of 2.8% and 3.5%
and an inter-assay coefficient of variation of <3.0%.

Nutrition and Exercise: each participant received medical nutrition therapy
from a registered dietician at the beginning of the study. Subjects were not pre-
scribed a specific exercise regimen.

Simple randomization with a 1:1 concealed allocation was performed using a
table of random numbers. After randomization, 11 patients received 300 mg of
ASA once daily, and ten patients received a placebo (calcined magnesia) in the
same pharmacological presentation for 90 days. The ASA dose was determined

not to alter renal uric acid reabsorption.

Statistical Analysis

The sample size was calculated by the mean of a formula for clinical trials [15]
with a statistical confidence of 95%, a statistical power of 80%, an SD for GPx of
0.7 U/mol [9], and an expected difference of at least 1.5 SD of GPx between
groups, obtaining a total of 9 patients for each group that included 20% of ex-
pected loss. Results are presented as mean + standard deviation (SD). The infe-

rence analysis was performed with a Chi-squared test. Intra and intergroup dif-
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ferences were calculated using the Wilcoxon signed-rank and Mann-Whitney U
tests, respectively; data were analyzed with SPSS-20.0 software (SPSS Inc. Chi-
cago, IL), and a p < 0.05 was considered significant.

3. Results

The selection and screening of patients that met the inclusion criteria were per-
formed throughout the protocol, and a total of 21 patients were included in the sta-
tistical analysis (Figure 1).

All patients who were eligible for enrollment completed the 90 days of the
pharmacological intervention, including 9 women and 1 man in the control
group and 8 women and 3 men in the acetylsalicylic acid group. No statistically
significant differences by gender distribution were found (p = 0.343). Likewise,
no significant differences in age between groups (48.8 + 4.7 vs. 50.9 + 8.3 years;
p = 0.468) were detected.

After the pharmacology intervention in the ASA group, there were significant
differences in weight (85.6 = 19.3 vs. 84.1 + 19.0 kg, p = 0.01), total cholesterol
(205.9 £ 16.6 vs. 186.0 *+ 23.2 mg/dL, p = 0.02), and A1C (7.8% + 0.9% vs. 7.0% +
0.7%, p = 0.02). In the placebo group, significant differences were found in
weight (76.1 = 14.9 vs. 74.9 + 15.0 kg, p = 0.04), A1C (6.9% + 0.6% vs. 6.2% *
0.4%, p = 0.004), BMI (30.97 £ 3.9 vs. 30.57 = 3.9, p = 0.05), and TAC (4.1 £ 0.5
vs. 4.8 £ 0.3, p = 0.002) (Table 1), in addition, no significant changes were found

Assessed for eligibility 311 volunteers

Not included n= 288
Did not meet inclusion < > Inf:ludeq n= 2'3 meet
criteria HbAlc <6.5 or >9% inclusion criteria
v
Allocation (double-blind
randomized)

Allocated to ASAn=12

/ \ Allocated to placebon =11 (300
\A

(300 mg ASA per day) mg calcined magnesia per day)
90 day follow-up /
Excl'uded n= '1 (excessive < > Excluded n =1 (hypocaloric diet
physical activity started on started on day 8 of the intervention)
day 7 of the intervention) v
Analysis
Analyzed n=11 Analyzed n=10
Figure 1. Trial profile.
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Table 1. Characteristics before and after the intervention in the study groups.

PLACEBO ASA

Basal Final p Basal Final p

Weight (kg) 76.1£149 749+15.0 0.04* 856%19.3 84.1+19.0 0.01*
BMI (kg/m?) 3097 +£3.9 30.57+39 0.05* 309833 30.79+3.1 0.06
Waist (cm) 101.2 +12.5 99.8+11.9 0.061 103.2+13.2 102.8+11.7 0.459
Hip (cm) 109.7 +11.4 107.8+9.1 0.139 1109+9.1 109.6+8.6 0.117
Waist/hip ratio 0.92 +.07 09305 0.508 0.92+.05 0.92 £.05 0.646
BPS (mm/Hg) 122.0 +14.4 121.7 £11.5 0.859 126.3 +12.7 125.9+12.8 0.742
BPD (mm/Hg) 84.0+79 82.6+51 0250 783+9.3 79.5+10.6 0.401
Glucose (mg/dl) 119.8+11.8 120.1+21.3 0.94 142.1+62.3 130.4+24.8 0.83
HbAlc (%) 6.9 + 0.6 62+04 0.000 7.8+0.90 7.0+£0.7 0.02%
TC (mg/dl) 193.1 £32.4 179.4+189 0.10 2059 *16.60 186.0 £23.2 0.02*
TG (mg/dl) 200.2 £96.0 167.9 +87.1 0.23 195.1+75.30 153.4+554 0.07
HDL (mg/dl) 43.5+14.2 435+109 073 465+7.50 50.0+14.1 0.96
LDL (mg/dl) 115.6 +26.9 116.5+18.5 0.85 120.5+35.80 119.8+19.2 0.45
VLDL (mg/dl) 429+242 385%18.6 043 40.6+23.90 409+17.1 0.92
Uric Acid (mg/dl) 5.2+1.0 53+x1.1 0.67 56+1.2 56+1.1 0.80

Intragroup differences were tested by Wilcoxon signed-rank test. *p < 0.05. BMI: body
mass index, BPS: blood pressure systolic; BPD: blood pressure diastolic, HbAlc: glycated
hemoglobin Alc, TC: total cholesterol, (TG): triglycerides, HDL: HDL-cholesterol, LDL:
LDL cholesterol, VLDL-C: VLDL cholesterol (VLDL-C).

Table 2. Final comparison between groups.

Antioxidant enzymes Placebo ASA P
GPx (nmol/min/ml) 129.29 + 407.76 77.95 £ 175.14 0.908
SOD (U/mg) 0.878 +4.29 -0.742 + 1.72 0.654
Catalase (U/mL) —-0.456 +0.924 —0.323 £0.72 0.099
TAC (nmol/mL) -0.677 +0.583 —0.142 +0.99 0.072

Intergroup differences (delta) were tested by Mann-Whitney U test. Data are the mean +
standard deviation. GPx: glutathione peroxidase catalase, SOD: superoxide dismutase
TAC: total antioxidant capacity.

in antioxidant enzymes between the placebo and ASA groups (Table 2). It
should be noted that patients did not show any adverse events after each as-

signed treatment.

4. Discussion

Vascular health, including maintaining adequate levels of free radicals and pre-

venting endothelial dysfunction, is an essential concern for T2DM patients. The
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available data support the concept that targeting inflammation pathways may
represent a valuable option for tackling cardiometabolic complications of T2DM.

Studies with ASA administration in experimental diabetes have shown con-
troversial results. For instance, a decreased glutathione peroxidase activity in
ASA-treated non-diabetic animals and an increased ASA-induced G6PDH activ-
ity were recorded in both diabetic and non-diabetic rats. While glycation due to
diabetic hyperglycemia and ASA-mediated acetylation had very similar effects
on the activities of different enzymes, the non-enzymatic modification by either
glucose or ASA may be a common mechanism of the observed convergence [10].

The purpose of the current clinical trials is to translate previous preclinical
findings by suggesting the clinical efficacy of salicylates on various antioxidant
mechanisms, mainly NF-kB, involved in the pathogenesis of the inflammatory
response and disruption of inducible nitric oxide synthase (iNOS), which in-
creases nitric oxide (NO) [16], to improve antioxidant systems by reducing
oxidative stress and cellular damage associated with diabetes complications.

Differences in gender distribution of study groups (intragroup) were not con-
sidered as a covariate due to the lack of statistical significance; it is also well
known that in terms of the pharmacokinetics of ASA, gender does not influence
the absorption rate nor the volume of distribution, however, it only affects eli-
mination kinetics, which is longer in women [17]. The pH level is more relevant
for the renal excretion of salicylic acid and its metabolites [18].

Nevertheless, differences in weight (intergroup) could be significant since
changes in regional blood flow, modification of plasma proteins and/or tissue
components, the volume of distribution, renal and hepatic clearance mechan-
isms, the activity of some phase II enzymes, and CYP450, modify adipose tissue.
As a result, obesity could contribute to a faster bio-inactivation of aspirin inside
and outside the liver since it is a highly lipophilic molecule; however, both in-
tervention groups in this study had a mean BMI (Grade 1 obesity), so the clinical
impact of the aspirin dose related to weight should be tested in trials with a more
significant number of patients with different degrees of obesity [19] [20].

Our results were consistent with other studies regarding the changes found in
CT and HbA, possibly given by the glycation of proteins through the acetylation
of free amino groups of said proteins [12] [21], an effect attributed to salicylates
or hyperglycemia, and thus, the change in HbA was observed in both groups.
Weight reduction was attributed mainly to the adoption of lifestyle changes per-
formed by patients due to their discipline during the trial since this change can-
not be attributed to the direct mechanism of salicylates.

Most ASA assays have been shown to improve glucose metabolism as well as
markers that mediate inflammation at high doses (3.0 to 7.0 g/d); however, its
clinical applicability is limited because, in these trials, patients reported side ef-
fects like tinnitus and gastrointestinal bleeding, which generated the reduction of
the standard dose, and in combination with the diet, the results of ASA on glu-
cose were reduced. Patients treated with doses of 500 mg/d for two years in-

creased total antioxidant capacity but also had to be under tolerability surveil-
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lance derived from the intervention [14]. Finally, oxidative stress and throm-
boembolic complications are reduced with 100 mg/d of ASA as adjunctive ther-
apy in hypertensive or infarcted patients measured by the reduction of 2,3- and
2,5-dihydroxybenzoic acids, which justifies its prolonged use [22]. Yet, at 300
mg/d doses in diabetic patients without cardiovascular disease, these changes
were not achieved, but it was well tolerated, and glucose decreased clinically.
However, some studies have measured inhibition of urinary excretion of
8-isoPGF2a and 11dhTxB2 without finding significant changes with placebo or
ASA intake in patients with poor glycemic control or non-ASA responders. This
suggests that oxidative stress can maintain platelet function independently of the
inhibition of the COX-1 pathway and/or increase the systemic generation of
thromboxane from non-platelet sources [23] [24].

ASA was found to work as an acetylating agent with many beneficial effects on
the vascular endothelium beyond platelet inhibition. The maximum plasma
concentration of ASA reaches one mg/L within half an hour of 100 mg of ASA
and 3 mg/L of 300 mg of ASA, taken orally. These doses do not inhibit COX-2
since COX-1 inhibition is the net pharmacological effect. Because of the irre-
versible action of ASA (ie, acetylation), the duration of its impact is determined
by target protein resynthesis [25] [26]. The activation of the prostanoid receptor
on platelets leads to platelet activation and further amplification of Thrombox-
ane A2 synthesis and release; this promotes inflammation and, thus, oxidative
stress.

Furthermore, continuous signaling via TP receptors leads to the downstream
generation of more ROS. In clinical practice, the preventive effect of ASA is
achieved via the inhibition of platelet activation and aggregation due to the inhi-
bition of Thromboxane A2 synthesis. Apparently, one can also anticipate break-
ing the vicious cycle of TxA2-mediated platelet activation, oxidative stress, vas-
cular inflammation, eNOS uncoupling, and reduced NO bioavailability with
TxA2 inhibition [27].

Although ASA blocks one pathway, activation by other mechanisms may be
present and could interfere with the potential protective effect of ASA against
oxidative stress. Despite this, the mechanisms of action of ASA are yet not fully
elucidated.

We believe that further research involving low doses of ASA with anti-inflam-
matory potential and fewer adverse effects in the prevention of cardiovascular
complications by T2DM patients should be continued for more extended ad-
ministration periods and possibly with the comparison between responders and
non-responders as well as ASA and its derivatives like lysine acetylsalicylate in
patients resistant to ASA [28] [29].

5. Conclusion

The administration of acetylsalicylic acid did not modify the antioxidant enzyme
system. Total antioxidant capacity changed only in the placebo group, which

may be associated with changes in lifestyle or the chronicity of the disease. Both
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groups presented changes in weight and glycated hemoglobin Alc.
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