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Abstract

Type 2 diabetes mellitus is a condition characterized by an elevation of oxidative stress, which has been
implicated in diabetic progression and its vascular complications.

Assessing the impact of gliclazide modified release (MR) versus glimepiride on oxidative stress markers,
glycemic indices, lipid profile, and estimated glomerular filtration rate in uncontrolled type 2 diabetic patients on
metformin monotherapy.

This was a prospective comparative study conducted in the Thi-Qar specialized diabetic, endocrine, and
metabolism center. Sixty-six patients were allocated into two groups based on the addition of the sulfonylureas
(SUs). Group 1 (33 patients) was on gliclazide MR, whereas Group 2 (33 patients) was on glimepiride. The
measured oxidative stress markers were reduced glutathione (GSH), superoxide dismutase (SOD),
malondialdehyde (MDA), and protein carbonyl (PC) evaluated before and after 16 weeks of SUs addition.

There were significant drops in SOD (P < 0.001), MDA (P <0.001), and PC (P = 0.001) and a significant
increase in GSH (p = 0.029) levels after gliclazide MR add-on therapy. There were significant drops in SOD (P =
0.026) and MDA (P < 0.001) levels with non-significant changes in both GSH (P = 0.214) and PC (P = 0.538)
after glimepiride add-on therapy. There was a significant difference in improvement of PC level (P = 0.048) in
the gliclazide group compared to the glimepiride group, with a non-significant difference in the improvements of
GSH, SOD, and MDA between both groups. At the end of the study, there were no significant differences in
glycemic control, lipid profile, or eGFR improvement between the two groups.

Glycemic control plays a pivotal role in decreasing oxidative stress. The control of diabetes with the
gliclazide-MR-metformin combination reduced oxidative stress more than the glimepiride-metformin
combination, indicating its antioxidant property.
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Introduction

Type 2 diabetes mellitus (T2DM) is a
globally growing metabolic disease and is defined as
persistent hyperglycemia caused by a progressive
decline in insulin secretion and/or resistance *2.
Long-term hyperglycemia is associated with both
macro- and micro-vascular complications that lead
to cardiovascular diseases, diabetic retinopathy,
neuropathy, and nephropathy G4,  These
complications increase the risk of health problems
and expose T2DM patients to vulnerable morbidity
and mortality 8, The cause of T2DM is related to
both various genetic and environmental factors that
impact inflammation, autoimmunity, and metabolic
stress ),

High glucose blood levels enhance the
buildup of free radicals due to mitochondrial
dysfunction and endoplasmic reticulum stress®.
The phenomenon of oxidative stress (OS) refers to
an imbalance between the productions of reactive
oxygen species (ROS) and the antioxidant defense
system ©. The overexpressed ROS alters the
structure and function of proteins, lipids, and nucleic
acids (9, Beta cell dysfunction and insulin
resistance have been related to hyperglycemia-
induced ROS overproduction, which is implicated in
vascular endothelial dysfunction, by different
mechanisms, including auto-oxidation of glucose,
polyol pathway flux, hyper-activation of the
hexosamine pathway, enhanced activation of protein
kinase C (PKC) associated with activation of the
nuclear factor kappa B (NF-kB) pathway, increased
production of advanced glycation end products
(AGEs), and reduced antioxidant capacity (119,
Oxidative stress is not only a potential
pathophysiologic mechanism for the development
of T2DM and insulin resistance, but it is also a
critical upstream event for diabetic vascular
complications 4.

Many clinical reports have observed the
disruption of redox homeostasis during T2DM @,
This includes an increase in serum total superoxide
dismutase (SOD) enzyme expression 617, a drop in
reduced glutathione (GSH) serum levels @8, an
increase in malondialdehyde (MDA) serum levels
9, which is a byproduct of lipid peroxidation, and
an increase in protein carbonyl (PC) serum levels
29,a marker of protein oxidation.

The necessity of anti-diabetic treatments
for maintaining good glycemic control outweighs
the negative patient concerns about the potential
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adverse effects of medications ). Even though
there are many new available anti-hyperglycemic
agents for treating T2DM that work on different
mechanisms, sulfonylureas (SUs), especially
modern SUs, in particular both gliclazide modified
release (MR) and glimepiride, are still often used in
clinical practice ©?? because both demonstrate
efficacy and safety @3, have a lower incidence of
hypoglycemia ?4%), and are affordably priced. In the
Action in Diabetes and Vascular Disease: Preterax
and Diamicron Modified Release Controlled
Evaluation (ADVANCE) @9 and Cardiovascular
Outcome Study of Linagliptin Versus Glimepiride
in Patients With Type 2 Diabetes (CAROLINA) @7
studies, the cardiovascular safety of second-
generation SUs was demonstrated with gliclazide
MR and glimepiride, respectively. Many
international guidelines, including those from the
World Health Organization (WHOQ) @829,
recommend the use of modern SUs in the
management of T2DM as a first-line add-on
treatment to metformin monotherapy when it is not
enough to achieve glycemic control.

Although there is a controversial result
regarding the role of oral anti-diabetic agents in
oxidative stress reduction, gliclazide showed both in
vitro and in vivo its property as a free radical
scavenger @9 due to its unique aminoazabicyclo-
octyl ring . Despite the fact that several studies have
looked into the antioxidant effect of gliclazide ¢1%2),
there are few reports that have looked at glimepiride,
with contradictory results. It has been established
that the combination of sulfonylurea and metformin
improves glycemic control ®3, However, there are
limited studies on the potential therapeutic benefits
of sulfonylureas added to metformin treatment on
oxidative stress, lipid profile, and renal functions.
This study aimed to assess the effects of gliclazide
modified release (MR) versus glimepiride on
oxidative stress markers beyond their glycemic
control in patients with T2DM who are inadequately
controlled by metformin monotherapy.

Patients and Methods

This non-randomized clinical trial (quasi-
experimental) was carried out in Thi-Qar specialized
diabetic, endocrine and metabolism center
(TDEMC) at Thi-Qar Health Directorate (Thi-Qar —
Irag) after the clearance of Human Research Ethics
Committee of the Iragi Ministry of Health and
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approved by research ethics committee of College of
Pharmacy/ University of Baghdad under approval
name of (REACUBCP4122021A). An informed
permission was obtained from all participants after
explanations of the study objectives. The study was
conducted during the period between February 2022
and November 2022.

Sample size
The need to identify a significant
difference between two independent groups by the
intent of comparing means using the following
equation ©4 :
n=2(Za/2+7Zp)2/(ul —p2/0)2
Assuming  normal  distribution  and
homogenous variance (c1= 62 = 6 =1), equal sample
size (N1 = n2 = n = number of participants per
group), and 2 tailed a = 0.05 so Za. /2 = 1.96 and
=0.02 (80% power) so Zp3 = 0.8416, and (ul — p2 /
o) = effect size = 6 which regarded as large in this
study = 0.7.

n=2(1.96 + 0.8416) 2/ (0.7) 2 = 32.036

We approximate the number to 33
participants in each group or a total of 66.

Inclusion criteria

Uncontrolled T2DM patients of both
genders on their conventional therapy (metformin +
statins) were enrolled in this study according to
following eligible criteria: adults (35-65 years old)
with duration of T2DM < 6 years and using
metformin only as anti-diabetic agent in their
conventional treatments regardless of the dosage
form type or duration of use, and either on the full
allowed daily dose of (2 gm) or the maximum
tolerated dose of (1 gm) with glycosylated
hemoglobin (HbAlc) < 11%.

Exclusion criteria

All patients with chronic kidney disease
(CKD), established cardiovascular disease (CVD),
severe liver disease, on chemotherapy or
radiotherapy, regular users of antioxidants, with
systemic comorbidities such as hypothyroidism, on
insulin or oral anti-diabetic medication other than
metformin as starting monotherapy, and those who
changed their doses of antihyperlipidemic agents
within 3 months prior to the baseline visit were
excluded from the study.

Groups allocation

After enrollment, T2DM patients were
allocated into 2 groups based on SUs added to their
conventional therapy as follow: the first group of
patients was prescribed oral gliclazide MR 60 mg
tablet once daily and the second group of patients
was prescribed oral glimepiride 2 mg tablet once
daily.
Data collection

The socio-demographic data, personal
habits, baseline disease characteristics, and medical
history were taken from each participant. The
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weight and height of patients were used to calculate
their body mass index (BMI, kg/m2). Both systolic
and diastolic blood pressures (SBP & DBP) were
measured at the resting phase. The biochemical tests
and enzyme-linked immunosorbent assay (ELISA)
of the investigated parameters were evaluated at the
baseline visit (before adding SUs) and at the follow-
up visit after 16 weeks of SU add-on therapy.

Blood sample collection

Ten milliliters of venous blood were taken
from each patient during their scheduled visit to the
TDEMC after fasting for 12 hours. About 2 ml of
the collected blood was immediately transferred to
an ethylene tetraacetic acid (ETDA) tube and sent
for HbAlc analysis. The remaining 8 ml of blood
was placed in a gel tube for 30 minutes to coagulate
before being centrifuged at 3000 rpm for 10 minutes
to obtain serum. A portion of the serum on the day
of collection was tested for fasting blood glucose
(FBG), serum creatinine (S.Cr) and lipid profile
levels at the chemical laboratory. The residual serum
was divided into 4 eppendrof tubes and kept frozen
at (-40°C) until the time of the serum MDA, GSH,
PC, and SOD assays by ELISA.

Measurement of selected clinical parameters

Serum levels of reduced GSH, SOD, MDA,
and PC were measured using commercially
available sandwich technology ELISA ©® Kits
(Shanghai YL Biotech Co., Ltd., China) according
to the manufacturer's instructions (HumaReaderHS,
Human, Germany). The HbAlc levels were
determined  using  high-performance  liquid
chromatography ©® with the D-10TM hemoglobin
testing system (Bio-Rad, USA). Standard enzymatic
methods (Abbott, Architect plus C4000, USA) were
used to determine FBG, the lipid profile, and S.Cr.
levels ©®). Non-high density lipoprotein cholesterol
(Non-HDL), a predictor of atherogenic risk, was
calculated as follow: Non-HDL= Total cholesterol
(TC) — High density lipoprotein (HDL) ©®), Kidney
function was assessed by calculating the estimated
glomerular filtration rate (eGFR) dependingon S. Cr
level according to the Chronic Kidney Disease-
Epidemiology Collaboration (CKD-EPI) equation
GFR = 141 x min {S.cr/x, 1} a x max {S.cr/x, 1}-
1.209 x 0.993Age x 1.018 [if female] - 1.159 [if
black] ©9,

Statistical analysis

The statistical analysis was conducted using
(IBM SPSS Statistics, USA version 26) software for
Microsoft Windows. The normal distribution of data
was evaluated by the Shapiro-Wilk test. Descriptive
statistics of continuous variables were expressed as
mean +standard deviation (SD) for parametric data
or median and 25-75 interquartile range (IQR) for
non-parametric data, while categorical variables
were presented as numbers and percentages and
tested by the Chi-square test. A paired sample t-test
was used to assess difference between two repeated
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means within the same group when normality was
proven; alternatively, the Wilcoxon signed rank test
was used for non-parametric variables repeated
measures. The independent t-test was used to
compare the means of two independent parametric
variables, and the Mann-Whitney test was used for
the median comparison of two unrelated non-
parametric variables. The significance level of the
difference was considered when p value < 0.05 in a
two-tailed test. The difference was calculated as
(pretreatment value— posttreatment value).

Impact of gliclazide modified release or glimepiride as add-on therapy

Results

The study profile included 8 weeks
screening period for 800 T2DM patients, while
those who fulfilled the study requirement and
accepted to participate were 80 patients. A total of
33 patients in the first group and 33 patients in the
second group completed the study. The socio-
demographic and baseline disease characteristics of
patients summarized in Table 1 are without
significant  differences between the studied
medication groups.

Table 1. Socio-demographic and baseline disease characteristics of patients

First group Second group
Parameters Add on Add on P-value
Gliclazide (n=33) Glimepiride (n=33)
Age (year) 49.33 + 896 50.84 + 851 0.484
Duration of T2DM (year) 3.84 £1.37 3.75+141 0.792
Gender (male/female) 13 (39.4)/20 (60.6) 14 (42.4)/20 (57.6) 0.802
Smoking (Yes/No) 6 (18.2)/27 (81.8) 5 (15.2)/28 (84.8) 0.741
Family history of T2DM (Yes/No) 27 (81.8)/6 (18.2) 28 (84.8)/5 (15.2) 0.741
Metformin type(Extend/Ordinary) 19 (57.6)/14 (42.4) 19 (57.6)/14 (42.4) 1
Metformin daily dose (1gm/2gm) 6 (18.2)/27 (81.8) 4(12.1)/29 (87.9) 0.492
Statins (Yes/No) 19 (57.6)/14 (42.4) 19 (57.6)/14 (42.4) 1
Hypertension (Yes/No) 9 (27.3)/124 (72.7) 10 (30.3)/23 (69.7) 0.786
Diabetic neuropathy (Yes/No) 14 (42.4)/19 (57.6) 13 (39.39)/20 (60.6) 0.802

Data presented as [n (%), and mean + (SD)]. n: number of subjects, SD: Standard deviation, *Significant when p

< 0.05.
Also, there were no significant differences
between the two groups in terms of anthropometric

measurements and blood pressure parameters pre-
and post-treatments as shown in Table 2.

Table 2. The impact of studied treatment on the anthropometric measurements of patients

First group Second group
Parameters Add on Add on P-value
Gliclazide (n=33) Glimepiride (n=33)

Pre weight (Kg) 80.12 +14.59 79.39 £14.26 0.838
Post weight (Kg) 81+1511 80.48 +1524 0.891
P-value within group 0.202 0.137

Difference -0.87 £387 -1.09 £4.1 0.830
Height (cm) 161.03 £9.25 161.84 £8.94 0.716
Pre BMI (Kg/m?) 30.73 +394 30.27 + 462 0.668
Post BMI (Kg/m?) 31.12+42 30.68 + 4.93 0.694
P-value within group 0.152 0.151

Difference -0.39+1.53 -0.40 + 156 0.979
Pre W.C. (cm) 104.9 £9.15 103.3 £10.39 0.508
Post W.C. (cm) 105.27 £893 104.06 +£10.98 0.625
P-value within group 0.402 0.207

Difference 0.0 (-1.5-0.0) 0.0 (-2.5-05) 0.444
Pre SBP (mmHg) 130 (120 — 140) 130 (120 — 140) 0.880
Post SBP ( mmHg) 120 (120 —130) 130 (110 — 140) 0.431
P-value within group 0.235 0.936

Difference 0.0 (-10-10) 0.0 (0.0-0.0) 0.323
Pre DBP (mmHg) 80 (80 —90) 80 (70 —90) 0.325
Post DBP (mmHg) 80 (80 —80) 80 (70 —85) 0.539
P-value within group 0.180 0.405

Difference 0.0 (0.0-10) 0.0 (0.0-0.0) 0.532

Data presented as [mean + (SD), and median (Q1-Q3)]. W.C.: waist circumference. Kg: kilogram. m?: square
meter. cm: centimeter. mmHg: millimeters of mercury.

23




Iraqi J Pharm Sci, Vol.33(2) 2024

After 16 weeks of SUs add-on therapy, both
groups showed significant (p <0.05) reductions in
FBS and HbAlc compared to baseline values with
no significant difference between the groups despite
that there was numerically higher improvement in
the gliclazide add-on group than in the glimepiride
add-on group. Also, both groups significantly
decreased lipid profile levels except

Impact of gliclazide modified release or glimepiride as add-on therapy

non-significant change in triglycerides (TG) levels
compared to baseline levels with no significant
difference between both groups despite that the
improvement was numerically higher in the second
group than the first group. First group increased
eGFR significantly in contrary to non-significant
increase in the second group. Despite that the
difference between both groups was non-significant
(p =0.578) as shown in Table 3.

Table 3. The impacts of studied treatments on glycemic indices, lipid profile and eGFR of patients

First group Second group
Clinical variables Add on Add on P-value
Gliclazide (n=33) Glimepiride (n=33)
Pre FBG (mg/dl) 169.95 £38.38 169.52 +3845 0.964
Post FBG (mg/dl) 137.06 £36.18 143.27 +37.89 0.498
P value within group < 0.001* 0.002*
Difference 32.89 + 4442 26.25 £4361 0.542
Pre HbA1lc (%) 8.9+131 8.92+1.3 0.955
Post HbAlc (%) 7.61+142 7.76 157 0.689
P value within group 0.001* 0.001*
Difference 1.28 +1.96 1.15+£181 0.781
Pre Cholesterol (mg/dl) 178.89 +29.36 186.67 £39.24 0.366
Post Cholesterol (mg/dl) 156.54 +3747 159.47 + 3421 0.741
P value within group <0.001* <0.001*
Difference 22.35+ 3182 27.2 £30.68 0.531
Pre Triglycerides (mg/dl) 128 (100.5 - 185) 149 (117.75 —190) 0.412
Post Triglycerides (mg/dl) 143 (110.5 —214.5) 145 (106.5 — 199.5) 0.758
P value within group 0.083 0.823
Difference -24.5 (-93 — 23.5) -20 (-59 — 60.45) 0.308
Pre LDL (mg/dl) 117.59 +2808 121.12 £3511 0.654
Post LDL (mg/dl) 93.33 +3204 97.69 +3262 0.586
P value within group <0.001* <0.001*
Difference 24.26 +30.13 23.43 £32.99 0.915
Pre HDL (mg/dl) 42.8 +9.24 42.24 +889 0.805
Post HDL (mg/dl) 45.49 +10.04 45,64 £9.16 0.949
P value within group 0.004* 0.002*
Difference -2.69 +4.95 -3.39 +5585 0.599
Pre Non-HDL (mg/dl) 136.09 +£30.35 144.42 +3713 0.322
Post Non-HDL (mg/dl) 111.05 +35.29 113.83 +3547 0.751
P value within group <0.001* <0.001*
Difference 25.04 £32.98 30.59 £29.07 0.471
Pre eGFR (mL/min/1.73m2) 102.81 +14.38 101.72 £1398 0.756
Post eGFR (mL/min/1.73m2) 107.93 +1322 105.21 +11.29 0.371
P value within group 0.025* 0.082
Difference -5.12 +1254 -3.48 +11.16 0.578

Data presented as [mean * (SD), and median (Q1-Q3)]. LDL: low density lipoprotein.
* P < 0.05: Comparison pre and post treatment in each group.
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The gliclazide add-on group showed
significant reductions in SOD, MDA, and PC with
significant increases in GSH levels compared to
baseline levels, whereas the glimepiride add-on
group showed significant reductions in SOD and
MDA only. There were no significant differences
between both groups regarding GSH (p =0.837),
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SOD (p = 0.053), and MDA (p = 0.775) after 16
weeks of treatment, except for PC level (p = 0.019).
In addition, there was a non-significant numerically
higher improvement in GSH (p = 0.534), SOD (p =
0.085), and MDA (p = 0.525) markers with a
significant higher improvement in PC levels (p =
0.048) in the gliclazide group than the glimepiride
group, as shown in Table 4.

Table 4. The impacts of studied treatments on oxidative stress markers of patients

First group Second group
Clinical variables Add on Add on P -value
Gliclazide (n=33) Glimepiride (n=33)

Pre GSH (ng/ml) 1.33(0.87 - 1.74) 1.24 (0.81-1.71) 0.734
Post GSH (ng/ml) 1.47 (1.3-1.78) 1,51 (1.32 -1.65) 0.837
P value within group 0.029* 0.214
Difference -0.23(-0.64 —-0.13) -0.2 (-0.54 —0.28) 0.534
Pre SOD (U/L) 98.4 (62.92 -131.76) 77.44 (59.94-149.26) 0.346
Post SOD (U/L) 57.63(46.09 —66.57) 61.67 (56.57 —69.94) 0.053
P value within group <0.001* 0.026*
Difference 46.73 (11.15-79.9) 15.38 (-8.72 — 84.13) 0.085
Pre MDA(nmol/ml) 8.06 +1.87 7.84 193 0.638
Post MDA(nmol/ml) 5.64 £1.03 5.72 £1.09 0.775
P value within group <0.001* <0.001*
Difference 242 +£168 2.12 £2.06 0.525
Pre PC (ng/ml) 72.97 (67.75-81.44) | 71.08 (63.04 —84.54) 0.581
Post PC (ng/ml) 65.17 (57.10-72.82) | 73.55(65.65—77.69) 0.019**
P value within group 0.001* 0.538
Difference 12.69 +231 2.17 £1904 0.048***

Data presented as [mean + (SD), and median (Q1-Q3)].
* P < 0.05: Comparison pre and post treatment in each group.

** P < 0.05: Comparison between groups.

**% P < (.05: Comparison between groups’ differences.

Discussion

Type 2 diabetes mellitus is a condition
characterized by elevated oxidative stress, which has
been linked to the development of diabetes and its
complications. The regulation of glucose, lipids, and
renal function are all severely impacted by increased
free radical generation. So, measuring oxidative
stress biomarkers is seen as a useful tool in addition
to the currently used parameters to select proper
treatment for type 2 diabetes patients “%. To the best
of our knowledge, there has been no previous study
evaluating the antioxidant benefits of the
glimepiride plus metformin combination versus
gliclazide MR plus metformin combination, despite
the common use of this combination in our daily
clinical practice.

In this study, the SUs add on treatment
resulted in non-significant change in anthropometric
measurements and blood pressure in both groups
with no difference between both groups. It is
reported that modern SUs, gliclazide MR and
glimepiride, have a neutralizing effect on body
weight and cardiovascular risk “9,
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Furthermore, the addition of gliclazide or
glimepiride to metformin therapy in T2DM found no
differential effects on arterial distensibility,
endothelial function, or vasodilator mechanisms 2.
These findings come in accordance with The Zwolle
Outpatient Diabetes project Integrating Available
Care (ZODIAC-39) study done by Schrijnders et al.

that neither found a significant change in body
weight after treatment with SUs/metformin
combination nor between varied SUs combinations
“3 A meta-analysis showed the SUs combined
metformin therapy did not significantly decrease
blood pressure “4),

The significant improvement of glycemic
indexes in our study was driven by both combination
treatment groups, and the difference between the
two groups was not significant, with reductions in
HbAlc (1.28-1.15%) and FBG (32.89-26.25 mg/dl)
for the gliclazide MR and glimepiride groups,
respectively. Our findings were compared to those
of the Schernthaner et al. study, which found that
adding gliclazide MR or glimepiride to inadequately
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controlled patients on metformin or a-glucosidase
inhibitor monotherapy resulted in decreases in
HbAlc (1.1-1%) and FBS (1.4-1.3 mmol/L),
respectively®), The effectiveness of adding
gliclazide or glimepiride to metformin combination
therapy with similar results to our finding for
glycemic control were reported in different studies
4546) A systematic review showed the HbAlc
reduction of gliclazide alone or in combination was
not significantly different from other SUs with
significantly less risk of hypoglycemia, but
gliclazide reduced HbA1c significantly more than
other insulinotropic agents with no significant
difference in hypoglycemic risk “7,

Uncontrolled T2DM is associated with lipid
disarrangements, and the relationship between
dyslipidemia and coronary heart disease has been
well established “®. In our study, non-HDL, a
measure of all atherogenic lipoproteins, was studied
as a predictor of cardiovascular risk. Both groups
showed a significant reduction in non-HDL levels,
and this result reflects the significant reduction in
total cholesterol levels after treatments. These
findings aligned with the Hassan and Abd-Allah
study, which reported that both gliclazide and
glimepiride, in combination with metformin,
significantly improved lipid levels in comparison to
the control group “9. Also, Banik et al. found a
reduction of 5% in the atherogenic index in patients
treated with the gliclazide and metformin
combination ¢,

Furthermore, the improvement of renal
function in our patients after treatment was noticed
in both groups, as represented by an increment in
eGFR due to reduced creatinine levels. In the
ADVANCE trial, intensive glycemic control with
gliclazide MR reduced the progression of
nephropathy by 21% @9, Lee et al. looked at the
safety of gliclazide and glimepiride regarding the
risk of end stage renal disease (ESRD), and they
found that only gliclazide was associated with a low
risk of doubling of creatinine levels in patients with
preserved kidney function ),

In this study, we measured patients’ serum
levels of different OS markers and we observed a
drop in GSH levels and increased SOD, MDA and
PC levels before SUs add-on therapy with no
significant difference between both groups. After 16
weeks of add on treatment, the levels of OS markers
in both groups were arranged differently. The
Gliclazide add-on group improved all markers
significantly by lowering SOD, MDA, and PC levels
and raising GSH levels. The Glimepiride add-on
group, on the other hand, only significantly lowered
SOD and MDA levels. Gliclazide group showed a
significant (p = 0.048) difference in the
improvement (reduction) of follow up PC values
compared to glimepiride group. Moreover, the
higher improvement of GSH, SOD, and MDA
markers was in favor of gliclazide, even if the
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difference between the two groups was not
significant. This indicates the antioxidant impact of
gliclazide was greater than that of glimepiride. The
partial improvement of OS in the glimepiride group
could be attributed to its ability to regulate the
antioxidant enzyme expression of catalase and SOD
via agonistic activation of the peroxisome
proliferator-activated receptor-y (PPARy); and
reduction of redox-sensitive NF-kB activation 254,

Other studies have looked at the beneficial
antioxidant effect of gliclazide when added to
metformin therapy and showed similar findings to
our results. A comparison study by L. Chen et al.
showed that the combination of gliclazide and
metformin therapy was significantly superior to
metformin therapy in improving MDA, SOD, and
circulating endothelial progenitor cells (EPCs) 9,
Also, Banik et al. found a significant improvement
in both MDA (p = 0.001) and nitric oxide (NO) (P =
0.015) levels with gliclazide plus metformin in
comparison to metformin alone ©9. Contrary to our
findings, AlSharidah et al. found a non-significant

differences between the gliclazide/metformin
combination and metformin monotherapy in
improving OS, lipid levels, and hepatorenal

function, while glycemic control worsened with
combined therapy, indicating the protective effect of
combined therapy against OS and preserving the
antioxidant  activity even after glycemic
deterioration ©®),

A preliminary report by Nakamura et al.
raised the possibility of glimepiride's antioxidant
property due to a significant decrease in the levels of
glyceraldehyde-derived advanced glycation end
products (glycer-AGE) after 24 weeks of treatment
G790, Zhao et al. recently found a significant
difference between combined
glimepiride/sitagliptin  therapy and glimepiride
monotherapy in improving glycemic and OS
indexes, even though both groups showed
significant improvements compared to pretreatment
levels ©8), On other hand, Bibra et al. found a non-
significant (p =0.814) reduction of MDA levels after
16 weeks of treatment with glimepiride plus
metformin therapy in comparison with rosiglitazone
plus metformin therapy ©%. Nomoto et al. also
showed that the antioxidant effect of glimepiride on
SOD, and BAP (biological antioxidant potential)
was not as significant as sitagliptin in a randomized
controlled trail 0.
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In the current study, the partial
improvement in OS markers in the glimepiride add-
on group may be due to indirect action through
controlling hyperglycemia, as glucose auto-
oxidation is the primary source of free radicals, as
well as the improvement in OS markers in the
gliclazide add-on group being greater than that in the
glimepiride add-on group, indicating its potent
antioxidant activity independent of its glycemic
control, as both groups are almost showing
comparable glycemic control.

Limitation

The study had some limitations, like the
participants were recruited from single center and
there was no calculated—calorie diet program to be
followed by the patients.

Conclusion

To sum up, in T2DM patients who are
inadequately controlled with metformin
monotherapy, the add-on therapy of gliclazide MR
or glimepiride has comparable beneficial impacts on
glycemic control, lipid profile, and kidney function,
but gliclazide MR may be a preferable first-choice
over glimepiride in clinical practice since its
additional antioxidant property can probably
preserve beta cell function and at least delay the
vascular complications related to oxidative stress.

Acknowledgement

We would like to thank Dr. Dhia Jabbar
Kadhim, Head of Clinical Pharmacy Department at
the University of Baghdad - College of Pharmacy,
for his continuous encouragement and support.
Also, we’d like to thank the participants for their
commitment during study time.

Conflict of Interest
There are no conflicts of interest.

Funding
This study was self-funded.

Authors’ Contributions

Fadhel A. Shihab designed the study,
investigation, methodology, data analysis and
interpretation, software, preparation of the original
manuscript, writing review and editing. Ali L. Jasim
supervised and revised the original manuscript,
project administration. Adel Gh. Mohammed
planned the study conception, participants’
enrollment, management and follow-up. All authors
reviewing and approving the final version of
manuscript.

References

1. Sun H, Saeedi P, Karuranga S, Pinkepank M,
Ogurtsova K, Duncan BB, et al. IDF Diabetes
Atlas: Global, regional and country-level
diabetes prevalence estimates for 2021 and
projections for 2045. Diabetes Res Clin Pract.
2022 Jan;183:109119.

27

10.

11.

12.

Impact of gliclazide modified release or glimepiride as add-on therapy

American Diabetic Association Professional
Practice Committee. 2. Classification and
Diagnosis of Diabetes: Standards of Medical
Care in Diabetes-2022. Diabetes Care. 2022
Jan;45(Suppl 1):S17-38.

UK  Prospective  Diabetes  Study 6.
Complications in newly diagnosed type 2
diabetic patients and their association with
different clinical and biochemical risk factors.
Diabetes Res. 1990 Jan;13(1):1-11.

Inzucchi SE, Bergenstal RM, Buse JB, Diamant
M, Ferrannini E, Nauck M, et al. Management
of Hyperglycemia in Type 2 Diabetes: A
Patient-Centered Approach: Position Statement
of the American Diabetes Association (ADA)
and the European Association for the Study of
Diabetes (EASD). Diabetes Care. 2012 May
11;35(6):1364-79.

Mohammed SI, Mikhael EM, Ahmed FT, Al-
Tukmagi HF, Jasim AL. Risk factors for
occurrence and recurrence of diabetic foot
ulcers among lIragi diabetic patients. Diabet
Foot Ankle. 2016;7:29605.

Taher MA, Moustafa MM, Mahmood AS.
Measurements of HbA 1 ¢ for Patients with
Diabetes Mellitus and Foot Ulceration. Iragi J
Pharm Sci (P-ISSN 1683-3597, E-ISSN 2521-
3512). 2011;20(1):19-24.

Skyler JS, Bakris GL, Bonifacio E, Darsow T,
Eckel RH, Groop L, et al. Differentiation of
Diabetes by Pathophysiology, Natural History,
and Prognosis. Diabetes. 2017 Feb;66(2):241—
55.

Burgos-Moron E, Abad-Jiménez Z, Marafidn
AM de, lannantuoni F, Escribano-Lépez I,
Lopez-Doménech S, et al. Relationship
Between Oxidative Stress, ER Stress, and
Inflammation in Type 2 Diabetes: The Battle
Continues. J Clin Med. 2019 Sep;8(9).
Fiorentino TV, Prioletta A, Zuo P, Folli F.
Hyperglycemia-induced oxidative stress and its
role in diabetes mellitus related cardiovascular
diseases. Curr Pharm Des. 2013;19(32):5695—
703.

Bhatti JS, Sehrawat A, Mishra J, Sidhu IS,
Navik U, Khullar N, et al. Oxidative stress in
the pathophysiology of type 2 diabetes and
related complications: Current therapeutics
strategies and future perspectives. Free Radic
Biol Med. 2022 May;184:114-34.

Zhang P, Li T, Wu X, Nice EC, Huang C, Zhang
Y. Oxidative stress and diabetes: antioxidative
strategies. Front Med. 2020 Oct;14(5):583-600.
Papachristoforou E, Lambadiari V, Maratou E,
Makrilakis K. Association of Glycemic Indices
(Hyperglycemia, Glucose Variability, and
Hypoglycemia) with Oxidative Stress and
Diabetic Complications. J Diabetes Res.
2020;2020:7489795.



Iraqi J Pharm Sci, Vol.33(2) 2024

13

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

R. G. A. The physiological and biochemical
effect of diabetes on the balance between
oxidative stress and antioxidant defense system.
Med J Islam World Acad Sci. 2005 Aug 12;15.
Yaribeygi H, Sathyapalan T, Atkin SL,
Sahebkar A. Molecular Mechanisms Linking
Oxidative Stress and Diabetes Mellitus. Oxid
Med Cell Longev. 2020;2020:8609213.

Singh A, Kukreti R, Saso L, Kukreti S.
Mechanistic Insight into Oxidative Stress-
Triggered Signaling Pathways and Type 2
Diabetes. Molecules. 2022 Jan;27(3).

Nair A, Nair BJ. Comparative analysis of the
oxidative stress and antioxidant status in type 11
diabetics and nondiabetics: A biochemical
study. J Oral Maxillofac Pathol JOMFP.
2017;21(3):394.

FA G JJT, George G. Serum total superoxide
dismutase enzyme activity in type 2 diabetic
patients with retinopathy in Mthatha region of
the Eastern Cape Province of South Africa.
Biomed Res. 2017;28(2):532-8.

Alaaraji SF, Allah PHS, Alrawi KF, Alkrwi EN.
Evaluation of Serum Malondialdehyde
Glutathione and Lipid Profile Levels in Iraqi
Females with Type 2 Diabetes Mellitus.
Baghdad Sci J (P-ISSN 2078-8665, E-ISSN
2411-7986). 2016;13(2.2NCC SE-article):383.
Mahmood AR. Estimation of Oxidative Stress
and Some Trace Elements in Iragi Men Patients
with Type 2 Diabetes Mellitus. Iragi J Pharm
Sci (P-ISSN 1683-3597, E-ISSN 2521-3512).
2016;25(1):17-22.

Yaas AA, Al-Shakour AA, Mansour AA.
Assessment of Serum Level of Protein
Carbonyl as a Marker of Protein Oxidation in
Patients with Type 2 Diabetes Mellitus. AL-
Kindy Coll Med J. 2022;18(3):190-5.

Hussein EA, Kadhim DJ, Al-augbi TF. Belief
About Medications Among Type 2 Diabetic
Patients Attending the National Diabetes Center
in Iraq . Iragi JPharm Sci (P-ISSN 1683-3597,
E-ISSN 2521-3512). 2017;26(2):66-74.

Rossi DL, Sola D, Rossi L, Piero G, Schianca
C, Maffioli P, et al. State of the Art Paper
Sulfonylureas and Their Use in Clinical
Practice. Arch. Med Sci. 2015;11:840-8.
Schernthaner G, Grimaldi A, Di Mario U,
Drzewoski J, Kempler P, Kvapil M, et al.
GUIDE study: double-blind comparison of
once-daily gliclazide MR and glimepiride in
type 2 diabetic patients. Eur J Clin Invest. 2004
Aug;34(8):535-42.

Kalra S, Das AK, Baruah MP, Unnikrishnan
AG, Dasgupta A, Shah P, et al. Glucocrinology
of Modern Sulfonylureas: Clinical Evidence
and Practice-Based Opinion from an
International Expert Group. Diabetes Ther Res
Treat Educ diabetes Relat Disord. 2019

28

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Impact of gliclazide modified release or glimepiride as add-on therapy

Oct;10(5):1577-93.

Al-Saleh Y, Sabico S, Al-Furgani A, Jayyousi
A, Alromaihi D, Ba-Essa E, et al. Sulfonylureas
in the Current Practice of Type 2 Diabetes
Management: Are They All  the Same?
Consensus from the Gulf Cooperation Council
(GCC) Countries Advisory Board on
Sulfonylureas. Diabetes Ther Res Treat Educ
diabetes Relat Disord. 2021 Aug;12(8):2115-
32.

Group AC. Intensive blood glucose control and
vascular outcomes in patients with type 2
diabetes. N Engl J Med. 2008;358(24):2560—
72.

Rosenstock J, Kahn SE, Johansen OE, Zinman
B, Espeland MA, Woerle HJ, et al. Effect of
linagliptin vs glimepiride on major adverse
cardiovascular outcomes in patients with type 2
diabetes: the CAROLINA randomized clinical
trial. Jama. 2019;322(12):1155-66.

Roglic G, Norris SL. Medicines for treatment
intensification in type 2 diabetes and type of
insulin in type 1 and type 2 diabetes in low-
resource settings: synopsis of the World Health
Organization guidelines on second-and third-
line medicines and type of insulin for the
control of blood glucose levels in honpregnant
adults with diabetes mellitus. Ann Intern Med.
2018;169(6):394-7.

Federation TID. |IDF Clinical Practice
Recommendations for Managing Type 2
Diabetes in Primary Care. Brussels Int Diabetes
Fed. 2017;34.

O’Brien RC, Luo M, Balazs N, Mercuri J. In
vitro and in vivo antioxidant properties of
gliclazide. ~J  Diabetes  Complications.
2000;14(4):201-6.

Chugh SN, Dhawan R, Kishore K, Sharma A,
Chugh K. Glibenclamide vs gliclazide in
reducing oxidative stress in patients of
noninsulin  dependent diabetes mellitus--a
double blind randomized study. J Assoc
Physicians India. 2001 Aug;49:803-7.
Avogaro A. Treating diabetes today with
gliclazide MR: a matter of numbers. Diabetes
Obes Metab. 2012 Jan;14 Suppl 1:14-9.
Gebrie D, Manyazewal T, A Ejigu D,
Makonnen E. Metformin-Insulin  versus
Metformin-Sulfonylurea Combination
Therapies in Type 2 Diabetes: A Comparative
Study of Glycemic Control and Risk of
Cardiovascular Diseases in Addis Ababa,
Ethiopia. Diabetes Metab Syndr Obes.
2021;14:3345-59.

Allen J. Sample Size Calculation for Two
Independent Groups: A Useful Rule of Thumb.
Proc Singapore Healthc. 2011 Jun 1;20:138-40.



Iraqi J Pharm Sci, Vol.33(2) 2024

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

Aydin S. A short history, principles, and types
of ELISA, and our laboratory experience with
peptide/protein  analyses using ELISA.
Peptides. 2015 Oct;72:4-15.

Chandrashekar V. Hb Alc separation by high
performance liquid chromatography in
hemoglobinopathies.  Scientifica  (Cairo).
2016;2016:26983. Bishop ML, Fody EP,
Schoeff LE. Clinical Chemistry: Techniques,
Principles, and Correlations. Eighth edi.
Philadelphia: Wolters Kluwer; 2018.

Ramjee V, Sperling LS, Jacobson TA. Non—
high-density lipoprotein cholesterol versus
apolipoprotein B in cardiovascular risk
stratification: do the math. J Am Coll Cardiol.
2011;58(5):457-63.

Levey AS, Stevens LA, Schmid CH, Zhang Y,
Castro Il AF, Feldman HI, et al. A new
equation to estimate glomerular filtration rate.
Ann Intern Med. 2009;150(9):604-12.

Bigagli E, Lodovici M. Circulating Oxidative
Stress Biomarkers in Clinical Studies on Type
2 Diabetes and Its Complications. Oxid Med
Cell Longev. 2019;2019:5953685.
KalraS,AKD,MdF,KS,PS, AAR,etal.
Glucodynamics and glucocracy in type 2
diabetes mellitus: clinical evidence and
practice-based opinion on modern sulfonylurea
use, from an International Expert Group (South
Asia, Middle East & Africa) via modified
Delphi method. Curr Med Res Opin. 2021
Mar;37(3):403-9.

Dhindsa P, Davis KR, Donnelly R. Comparison
of the micro- and macro-vascular effects of
glimepiride and gliclazide in metformin-treated
patients with Type 2 diabetes: a double-blind,
crossover study. Br J Clin Pharmacol. 2003
Jun;55(6):616-9.

Schrijnders D, Wever R, Kleefstra N,
Houweling ST, van Hateren KJJ, de Bock GH,
et al. Addition of sulphonylurea to metformin
does not relevantly change body weight: a
prospective  observational  cohort  study
(ZODIAC-39). Diabetes Obes Metab. 2016
Oct;18(10):973-9.

Zhang F, Xiang H, Fan Y, Ganchuluun T-A,
Kong W, Ouyang Q, et al. The effects of
sulfonylureas plus metformin on lipids, blood
pressure, and adverse events in type 2 diabetes:
a meta-analysis of randomized controlled trials.
Endocrine. 2013 Dec;44(3):648-58.
Polavarapu NK, Kale R, Sethi B, Sahay RK,
Phadke U, Ramakrishnan S, et al. Effect of
Gliclazide or Gliclazide plus Metformin
Combination on Glycemic Control in Patients
with  T2DM in India: A Real-World,
Retrospective, Longitudinal, Observational
Study from Electronic Medical Records. Drugs
- real world outcomes. 2020 Dec;7(4):271-9.

29

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Impact of gliclazide modified release or glimepiride as add-on therapy

Pareek A, Chandurkar NB, Salkar HR, Borkar
MS, Tiwari D. Evaluation of efficacy and
tolerability of glimepiride and metformin
combination: a multicentric study in patients
with type-2 diabetes mellitus, uncontrolled on
monotherapy with sulfonylurea or metformin.
Am J Ther. 2013 Jan;20(1):41-7.

Chan SP, Colagiuri S. Systematic review and
meta-analysis of the efficacy and hypoglycemic
safety of gliclazide versus other insulinotropic
agents. Diabetes Res Clin Pract. 2015
Oct;110(1):75-81.

Su X, Kong Y, Peng D. Evidence for changing
lipid management strategy to focus on non-high
density lipoprotein cholesterol. Lipids Health
Dis. 2019;18(1):1-7.

Hassan MH, Abd-Allah GM. Effects of
metformin plus gliclazide versus metformin
plus glimepiride on cardiovascular risk factors
in patients with type 2 diabetes mellitus. Pak J
Pharm Sci. 2015 Sep;28(5):1723-30.

Banik S, Hossain MS, Bhatta R, Akter M.
Attenuation of lipid peroxidation and
atherogenic factors in diabetic patients treated
with gliclazide and metformin. J Res Med Sci
Off J Isfahan Univ Med Sci. 2018;23:77.

Lee Y-H, Lee CJ, Lee HS, Choe EY, Lee B-W,
Ahn CW, et al. Comparing kidney outcomes in
type 2 diabetes treated with different
sulphonylureas in real-life clinical practice.
Diabetes Metab. 2015 Jun;41(3):208-15.

Fan Y, Wang Y, Tang Z, Zhang H, Qin X, Zhu
Y, et al. Suppression of pro-inflammatory
adhesion molecules by PPAR-delta in human
vascular endothelial cells. Arterioscler Thromb
Vasc Biol. 2008 Feb;28(2):315-21.

Fukuen S, Iwaki M, Yasui A, Makishima M,
Matsuda M, Shimomura I. Sulfonylurea agents
exhibit  peroxisome  proliferator-activated
receptor gamma agonistic activity. J Biol
Chem. 2005 Jun;280(25):23653-9.

Schiekofer S, Rudofsky GJ, Andrassy M,
Schneider J, Chen J, Isermann B, et al.
Glimepiride reduces mononuclear activation of
the redox-sensitive transcription factor nuclear
factor-kappa B. Diabetes Obes Metab. 2003
Jul;5(4):251-61.

Chen L, Liao Y, Zeng T, Yu F, Li H, Feng Y.
Effects of metformin plus gliclazide compared
with  metformin alone on circulating
endothelial progenitor cell in type 2 diabetic
patients. Endocrine. 2010 Oct;38(2):266—75.



Iraqi J Pharm Sci, Vol.33(2) 2024

56.

57.

58.

Alsharidah M, Algeffari M, Abdel-Moneim A-
MH, Lutfi MF, Alshelowi H. Effect of
combined gliclazide/metformin treatment on
oxidative stress, lipid profile, and hepatorenal
functions in type 2 diabetic patients. Saudi
Pharm J SPJ Off Publ Saudi Pharm Soc. 2018
Jan;26(1):1-6.

Nakamura |, Oyama J, Komoda H, Shiraki A,
Sakamoto Y, Taguchi |, et al. Possible effects of
glimepiride beyond glycemic control in patients
with type 2 diabetes: a preliminary report.
Cardiovasc Diabetol. 2014 Jan;13:15.

Zhao X, Huang P, Yuan J. Influence of
glimepiride plus sitagliptin on treatment
outcome, blood glucose, and oxidative stress in
diabetic patients. Am J Transl Res.

30

59.

60.

Impact of gliclazide modified release or glimepiride as add-on therapy

2022;14(10):7459-66.

von Bibra H, Diamant M, Scheffer PG,
Siegmund T,  Schumm-Draeger P-M.
Rosiglitazone, but not glimepiride, improves
myocardial diastolic function in association
with reduction in oxidative stress in type 2
diabetic patients without overt heart disease.
Diabetes Vasc Dis Res. 2008 Nov;5(4):310-8.
Nomoto H, Miyoshi H, Furumoto T, Oba K,
Tsutsui H, Inoue A, et al. A Randomized
Controlled Trial Comparing the Effects of
Sitagliptin and  Glimepiride on Endothelial
Function and Metabolic Parameters: Sapporo
Athero-Incretin Study 1 (SAIS1). PLoS One.
2016;11(10):e0164255.



