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ABSTRACT 
 

Aim: :Stroke is one of the most destructive neurological events. Diabetes mellitus confirmed asindependent risk 
factor. The studyaimed to correlate the effect of duration and combination of oral hypoglycemic agents (metformin 
and glibenclamide) to the incidence of ischemic stroke in type 2 diabeticpatients. 
Methods: A cross-sectional study was carried out on type 2diabetic patientswith or without history of ischemic 
stroke. Patients were divided into: Group I(metformin)and Group II (metformin and glibenclamide). Laboratory 
analysis involved metabolic and oxidative parameters. 
Results: Good glycemic control (HbA1c<7) was predominant in Group I, poor and very poor glycemic control 
(HbA1c>7) were predominant in Group II. Group I revealed significant decrease in the MDA leveland TG/HDL ratio 
(P<0.05). While Group II showed significant increase in HbA1c, TG/HDL ratio, PN, and other metabolic 
parameters (TC, TG and HDL)(P˂0.05) withdecrease in MDA after 5 years duration (P˂0.01).Treatment (<5 
years), FBS, HbA1c and TC showed significant correlation with ischemic stroke (p<0.01). Whiletreatment(>5 
years), FBS, HbA1c as well as MDA showed a significant correlation with ischemic stroke (p<0.05).  
Conclusion: Metformin monotherapy significantly diminishes oxidative stress and restores antioxidant 
capacity,suggesting better efficacy compared with co-administration with glibenclamide. 
Keywords: Metformin; Metformin and Glibenclamide; Metabolic parameters;Oxidative status; Type 2 
DM;Ischemic stroke. 

 

INTRODUCTION  
 

Ischemic strokes are major causes of death and disability, 
diabetes mellitus act as an independent and modifiable risk 
factor for both ischemic and hemorrhagic stroke. Type 2 
diabetes mellitus (T2DM) accounting for the majority of 
cases(~90%),associated with increased risks of 
cardiovascular disease (CVD) as hypertension, obesity and 
dyslipidaemia1. Individuals with T2DM are more prone to 
have obesity, peripheral arterial disease, arterial 
atherosclerosis and even stroke, on the contrary, type 1 
diabetes mellitus (T1DM) individuals are more exposed to 
peripheral arterial and coronary heart diseases2. As a type, 
patients with diabetes have a higher proportion of 
ischaemic stroke compared to haemorrhagic stroke, and 
lacunar infarcts, this is due to the higher prevalence of 
microvascular disease and the concurrence of 
hypertension in those patients3]. 

According to the effects on metabolicmemory; 
acknowledged by Diabetes Control and Complications Trial 
(DCCT) on the intensive diabetes therapy (INT)and the 
Epidemiology of Diabetes Interventions and Complications 
(EDIC) study4; thorough glycaemic domination results in 
continued reduction of microvascular complications in 
patients with both T1DM andT2DM [5,6]. On the other hand 
shut off this metabolic memory may cause hyperglycemia-
encourage reactive oxygen species production, and 
unfortunately, keeping goodglycaemic control still does not 
inhibit the series of complications7. 
In a population-based study of 20 years of follow-up 
prospectively,  Almdalet alstated that in T2DM, the risk of 
having myocardial infarction or stroke increased 2- to 3-fold 
and the risk of death is increased 2-fold, independent of 
other known risk factors for cardiovascular diseases8. 

The association between hyperglycemic statuswith short-
term mortality and functional recovery post-ischemic stroke 
was previously reviewed, a study estimated that risk of in-
hospital or 30-day mortality post stroke was much higherin 
diabetic thannon-diabetic Tuttolomondo and co-
workersstudies evaluate cerebrovascular risk factor 
prevalence in stroke patients with diabetes compared with 
non-diabetic subjects, finding a higher prevalence of 
lacunar stroke subtype and hypertension among diabetic 
patients9,10. 

Hypoglycemia; a side effect of glucose-lowering 
medication; on another hand is known to inducepro-
inflammatory changes as well as exacerbate cerebral 
damage in experimental stroke11. 
Epidemiological reports indicate that metformin can reduce 
the incidence of ischemic events in diabetic patients via its 
neuroprotective effects12. While diabetic patients with acute 
ischemic stroke who using sulfonylurea were less likely to 
have symptomatic hemorrhagic conditions13. 

Looking for possible therapeutic pathways to prevent 
the incidence of stroke, this study aimed to correlate the 
effect of duration and combination of oral hypoglycemic 
agents to the incidence of ischemic stroke via measuring 
various metabolic and oxidative parameters in T2DM 
patients. 
 

PATIENTS AND METHODS 
 

This cross-sectional study was carried out over a period 
from February to June 2019 on patients with type 2 
diabetes mellitus at the National Diabetes Center in 
Baghdad/ Iraq. Study involved 96 diabetic patients; 45 male 
and 51 female; with the age range 30-80 years. The 
included subjects with or without history of ischemic stroke 
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while subjects with any other diagnosed medical condition 
and pregnant subjects were excluded. The selected 
patients were allocated into two groups according to 
medication option as follow: Group I include 49 T2DM 
patients treated with Metformin alone (Glucophage® 
Merck, France) 500 mg tablet three times daily. Group II-
include 47 T2DM patients treated with Metformin and 
Glibenclamide (Glucovance® Merck, France) 500/5 mg 
tablet two times daily. The study started after the 
agreement of Ministry of Health/ Al-Yarmook teaching 
hospital ethical declaration consent (www.moh.gov.iq) was 
approved. Institutional ethical approval was achieved by 
the scientific and ethical committee in the diabetes center. 
Patient’s written consent was also taken after full 
explanation of the aim of the study. 

Test samples were collected in the diabetes center 
and laboratory analysis were performed at AL-Yarmook 
teaching hospital laboratories. Ten milliliters of venous 
blood were drawn from the patients after an overnight fast 
to be analyzed for: fasting serum glucose (FSG), total 
cholesterol (TC), triglyceride (TG), high density lipoprotein 
cholesterol (HDL-c), nitric oxide (NO), Peroxynitrite (PN), 
total antioxidant status (TAS), and malondialdehyde 
(MDA).Fasting serum glucose leveland lipid profile (TC, 
TG, and HDL-c) were measured using Kenza 240TX 
automatic biochemistry analyser (Biolabo Diagnostics, 
France).HbA1c level was determined by mechanism of 
high-performance liquid chromatography (HPLC) (Bio-Rad 
Variant, Italy).Nitric oxide level wasdeterminedin serum by 
Griess methodbased on measuring the concentration of 
nitratesaccording to Navarro-González et al [14].Serum 
peroxynitrite level was measured according to Beckman et 
al,  method based on nitration of phenol byperoxynitrite, 
resulting in nitrophenol formation15.Microsomal lipid 
peroxidation method was used to determine serum 
malondialdehydeaccording to Buege J.A et al16.Total 
antioxidant status was measured according to Miller et al17. 

:Data were expressed as (mean ± standard deviation 
"SD") or (number and percentage). Statistical differences 
between the groups were determined using F-test Two 
Sample of Variances. Pearson correlation coefficients and 
Spearman correlation were utilized to determine the 
correlations among study variables. Linear regression 
model was used to predict the outcome pf predictors on the 
dependent variable (ischemic stroke). Data was analyzed 
using Microsoft Excel Worksheet (2010) and Statistical 
Package for the Social Sciences (SPSS) software (version 
23). P-values ˂0.05 were considered to be statistically 
significant. 
 

RESULTS  
 

Characteristics of participants in this study demonstrated in 
Table 1. Age and gender distribution was the same in both 
groups (p˃ 0.05). There was no significant difference in 
BMI and waist/hip ratio (WHR) between two groups (p˃ 
0.05). Patients on duration of treatment of >5 years were all 
receiving combination of Metformin+Glibenclamide therapy. 
Patients with T2DM and history of ischemic stroke was also 
presented in patients receiving combination therapy only. 

The glycemic status of study groups showed that 
HbA1c <7 which considered as a good glycemic control 
was predominant among patients in GI (71.43%), 
meanwhile poor glycemic control of HbA1c 7-9 was 
predominant among GII (80.95%), both groups of less than 
5 years duration of treatment. Very poor glycemic control of 
HbA1c >9 was predominant among GII (53.85) with more 
than 5 years duration of treatment. Moreover, diabetic 
patients in GII without history of stroke represents (90.0%) 
among poor glycemic control, and about half of patients in 
GII with history of stroke have very bad glycemic control 
(45.95%). 

Duration of therapy <5 years in GI patients on 
Metformin monotherapy revealed significant improvement 
in glycemic status (HbA1c, FBS) compared to patients on 
GII; the combination group; (p<0.0001), and also significant 
decrease in the TG/HDL ratio(p<0.05). The oxidative stress 
status was also improved significantly through decrease in 
the MDA (p<0.0001) among GI patients, though TAS was 
non-significantly increased. Nitric oxide and peroxynitrite 
levels did not show any differences between both groups 
on treatment duration of ≤5years (p˃0.05). 

Since most of patients did not continued on metformin 
monotherapy for more than 5 years, patients in GII showed 
differences in metabolic, oxidative, and nitric oxide status 
according to the duration of their treatment. There was 
highly significant increase in HbA1c and TG/HDL ratio 
(p˂0.01), and in metabolic parameters mainly TC, TG, and 
HDL (p˂0.05). Also marked increase in peroxynitrite level 
after 5 years duration in GII patients (p˂0.01), meanwhile 
oxidative status was decreased significantly (particularly 
MDA level) (p˂0.01) after 5 years duration, table 2. 
Correlations between oxidative status PN, and NO with 
metabolic parameters according to treatment duration of ≤5 
years and >5 years among patients in GI and II is 
demonstrated in table 3. Positive correlation for PN with 
BMI and HbA1c in GI, and with TC level in GII for >5 years 
treatment. Meanwhile, MDA level was positively correlated 
with BMI in GII only. The antioxidant status, TAS was 
positively correlated with FBS only among GI patients, 
while correlated with FBS, HbA1c, and TC when GII 
patients treated for >5 years. 
The correlation of glycemic, metabolic and oxidative stress 
variables with ischemic stroke is illustrated in table 4. 
Patients treated <5 years, glycemic parameters (FBS and 
HbA1c) and TC showed high significant correlation with 
ischemic stroke (p<0.01) while oxidative parameters and 
NO showed non-significant correlation (p>0.05). For 
patients treated >5 years, glycemic parameters (FBS and 
HbA1c) as well as MDA also showed a significant 
correlation with ischemic stroke (p<0.05), other parameters 
had non-significant result.  
The predictive variables that can affect the incidence of 
ischemic stroke is shown in the same table. Independent 
variables, FBS and HbA1ccan explain the incidence of 
ischemic stroke for both duration of treatment (p<0.01, 
p<0.05 respectively) while TC explain the incidence 
ofischemic stroke in the treatment duration <5 years only 
(p<0.01). For treatment duration >5 years, the independent 
variables HDL and MDA are the significant predictive 
variables for ischemic stroke (p<0.05). 
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Table 1: Demographic data and disease characteristicsstudy groups 

                       Study Groups 

Variables 

Group I 

N=49 

Group II 

N=47 

Age (years ) 58.35 ± 9.25 56.32 ± 10.76 

Gender 

Male 
Female 

 

23 
26 

 

22 
25 

Weight (kg) 79.18 ±13.36 81.36 ± 15.25 

Waist circumference (cm) 102.91 ±11.72 105.57 ± 15.51* 

BMI (kg/m2) 27.35 ± 4.20 28.56 ± 4.60 

WHR 0.97 ± 0.06 0.97 ± 0.06 

Duration of treatment, 

≤5years 
>5 years 

 

49 
- 

 

     21** 
26 

History of ischemic stroke 

with History, ≤5 years 
>5 years 

 
- 

- 

 
13 (35.14)**† 
 24 (64.86) 

without History 49 10** 

Glycemic status, (HbA1c) 
Good control (<7) Poor control  

(7-9) 
Very Poor control (>9) 

GI ≤5 years, (without history of ischemic 
stroke) 

35 (71.43)** 14 (28.57) 0 

GII (with history of ischemic stroke) 0 20 (54.05) 17 (45.95) 

GII (without history of ischemic stroke) 1 (10.0) 9 (90.0)** 0 

GII ≤ 5 years 1 (4.76) 17 (80.95)** 3 (14.29) 

GII > 5 years 0 12 (46.15) 14 (53.85) 

Data presented as mean ±SD, or number(n) and percentage (%); 

Group I = Metformin; Group II =Metformin + Glibenclamide; 

 ;High significant p<0.01٭٭ ;Significant p˂0.05٭

† Significant differencebetween the durations between the durationwithin GII (p<0.05) 

 

Table 2: Metabolic, Oxidative, and Nitric oxide (NO) statusamong study groups on treatment duration of ≤5years and >5years 

Groups 
 

Parameters 

G I  G II  

≤5 years 
(n=49) 

≤5 years  
(n=21) 

>5 years  
(n=26) 

BMI  27.35±4.20 29.83±4.96* 27.53±4.09 

FBS (mg/dl) 138.87±22.06 205.34±42.99** 263.59±57.17 

HbA1c (%) 6.31±0.51 8.33±1.43** 10.50±2.10† 

TC (mg/dl) 214.69±39.32 238.95±45.19 262.19±62.70 

TG (mg/dl) 181.49±63.42 202.57±56.35 224.58±85.75† 

HDL (mg/dl) 44.37±8.93 44.67±8.14 45.04±12.73† 

TG/HDL ratio 4.37±2.24 4.68±1.47* 5.43±2.97†† 

UA(mg/dl) 5.18 ±1.46 5.01±1.61 5.23±1.65 

NO(µmol/l) 129.86±22.92 124.71±24.03 134.12±30.73 

TAS(µmol/l) 1.99±0.06 2.0±0.06 2.0±0.08 

PN(µmol/l) 8.35±1.43 7.88±1.56 9.35±3.36† 

MDA(µmol/l) 1.17±0.08 1.22±0.25** 1.16±0.08†† 

Data presented as mean ±SD  

NS Non significant (p˃0.05); Significant (٭p˂0.05);Highly significant (٭٭p<0.01) 

Group I = Metformin; Group II =Metformin + Glibenclamide 
* Significant difference between GI and GII (<5 years) 
† Significant difference between the durations within GII 
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Table 3: Correlations between metabolic, oxidative and NO status accordingto treatment duration of ≤5years and >5years     

Variables NO PN MDA TAS 

Group I (<5 years) 

BMI 0.454** 0.323* -0.03 -0.061 

WHR -0.009 -0.008 -0.041 -0.074 

FBS 0.011 0.267 0.206 **0.422 

HbA1c 0.023 0.412** 0.23 0.145 

TC -0.137 -0.26 -0.169 0.141 

TG 0.024 0.21 0.227 0.112 

HDL 0.016 -0.049 -0.129 -0.131 

TG/HDL ratio 0.043 0.183 0.239 0.101 

Group II (<5 years) 

BMI -0.021 0.402 0.509* -0.095 

WHR 0.403 0.069 -0.015 0.129 

FBS -0.198 0.232 0 0.715** 

HbA1c -0.291 0.142 0 0.598** 

TC 0.205 0.185 0.184 0.135 

TG 0.089 -0.096 -0.088 0.112 

HDL -0.321 0.242 0.388 -0.017 

TG/HDL ratio 0.25 -0.226 -0.227 0.093 

Group II (>5 years) 

BMI 0.373 0.343 0.777** -0.064 

WHR 0.533** 0.211 0.073 0.004 

FBS -0.086 -0.211 -0.067 0.863** 

HbA1c -0.103 -0.262 0.132 0.588** 

TC -0.03 -0.432* 0.053 0.421* 

TG 0.03 0.068 0.134 0.03 

HDL 0.132 0.109 0.104 -0.31 

TG/HDL ratio -0.032 -0.037 0 0.251 

Data presented as (r)Pearson correlation. 

*. Correlation is significant at the 0.05 level (2-tailed). 
**. Correlation is significant at the 0.01 level (2-tailed). 
 

Table 4: Correlations (r)and Predictive variables (R2) for ischemic stroke with some variables among patients on treatment duration of 
≤5years and >5years     

 Variables  
 
Duration  

FBS HbA1c NO PN TAS MDA TC TG HDL 

Ischemic 
Stroke 
<5 years 

r 0.658** 0.683** -0.146 -0.076 0.042 0.072 0.336** 0.191 0.065 

R2 0.587** 0.658**  0.007  0.003  0.002  0.044  0.127** 0.023  0.002  

Ischemic 
Stroke  
>5 years 

r 0.462* 0.464* 0.116 -0.111 0.174 0.458* 0.231 -0.067 -0.424* 

R2 0.172* 0.176* 0.025  0.003  0.030  0.175* 0.030  0.004  0.253* 

r = the spearman correlation 
R2= linear regression model 

* Significant p˂0.05; ٭٭ high significant p<0.01;  

 
  

DISCUSSION 
 

The incidence of hypoglycemia in diabetic patients due to 
the intensive use of insulin or other oral hypoglycemic 
agentshas been increased during the last decades18. In 
2005, the World Health Organization (WHO) adopted its 
guidelines for registration of fixed-dose medicinal products 
‘intended to provide advice to those countries that do not, 
as yet, have guidelines for this type of product19. Metformin 
has become a mainstay in the modest therapeutic strategy 
for the treatment of insulin resistance of T2DM. It is on the 
WHO's List of Essential Medicines, the most important 
medications needed in a basic health system. Nearly 80% 
of patients with T2DM are under metformin supplements20. 

In the present study, all T2DMpatients were aged (56-
58) years and were mostly overweight, an approved 

independent but modifiable risk factor for macro- and 
microvascular disease, also metabolic derangements21. 
Those majority of patients on metformin  monotherapy 
(71.43%)in the current study have good glycemic 
control(HbA1c<7) and a lower BMI compared to patients on 
combined therapy(4.76%) of when both treated up to 
5years duration, hens, no history of ischemic stroke was 
recorded in those patients. On the other 
hand,T2DMpatients on combined metformin and 
glibenclamide therapy for more than 5 years treatment 
duration were presented with very poor glycemic control 
(HbA1c>9), higher BMI, and high percentage of history of 
stroke(45.95%). 

As in the “Look AHEAD” (Action for Health in 
Diabetes) trial,thorough lifestyle interventions sighting only 
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on weight reduction in overweight or obese T2DM does not 
lead to a reduction in the incidence of CVD, there was no 
significant difference in stroke occurrence between both 
control and intervention groups (P=0.78) after a median 
follow-up of 9.6 years22. 

Flechtner et al23 and McLaughlin et al24 stated that 
most of overweight and obese diabetic patients had high 
insulin level with different degrees of glycemic control and 
duration of disease, and a significant decline in BMI with 
different doses of metformin was also documented by Klein 
et al25, Harborneet al26 and Bruno et al27 whom reported a 
dose-related such reduction in all anthropometric 
measurements(BMI), especially with highest dose used. 

The mechanisms underlying these benefits of 
metformin in relation to glucose metabolism and reduction 
diabetes-related complications are complex and still not 
fully understood. Physiologically, metformin contributes to 
weight loss is through the reduction in gastrointestinal 
absorption of carbohydrates, insulin resistance, and 
reduction of leptin28 also the ghrelin levels after glucose 
overload [29] moreover, induction of a lipolitic and anoretic 
effect by acting on GLP-130, and decreased net caloric 
intake, probably through appetite suppression, an effect 
that is largely independent of gastrointestinal side effects of 
metformin (such as nausea and diarrhea)31.. 

Recalling to previously mentioned, both hypo and 
hyperglycemia induce proinflammatory changes due to 
either poor or intensive glycemic control which may 
exacerbate cerebral damage. High glucose level aids to the 
pathogenesis of macrovascular complications through 
creation of large amounts of Reactive Oxygen Species 
(ROS) which may lead to the endothelial dysfunction 
through reducing the bioavailability and impairment of nitric 
oxide (NO)-mediated endothelial vasodilation possibly due 
to increased inactivation of NO or decreased reactivity of 
the smooth muscle to NO 32. Additionally, formation of 
Advanced Glycosylation End Products (AGEs) accelerates 
the atherosclerotic process by promoting LDL uptake and 
oxidation leading to foam cell formation and finally the 
deviation ofglucose metabolism [33,34].On the other arm, 
hypoglycemia aggravate damage following cerebrovascular 
disorder owing to that ischemia leads to irreversible brain 
damage through involvement of oxidative stress, abnormal 
angiogenesis, impaired leukocyte function, increased 
permeability of blood brain barrier (BBB),and inflammatory 
responses as reported in many previous experimental and 
clinical studies35–40. An increased inflammatory response 
by adiponectin; an inflammatory marker; which appears to 
be a modulator of lipid metabolism41. 

In the current study, patients on metformin 
monotherapy < 5 years presented good glycemic 
control(HbA1c<7) concomitantly with lower cholesterol and 
triglyceride levels and significantly lower TG/ HDL ratio. 
Moreover, there was significant low level of oxidative stress 
end product MDA and TAS, also the level of NO and PN 
did not show difference with patients on combination.In the 
last 10 years, the picture moved from a simple, that 
metformin improves glycaemia by acting on the liver via 
AMPK activation, to a much more complex picture 
reflecting its multiple modes of action in T2DM patients, 
hens, thosepatients did not pass through acute ischemic 
stroke accordingly.  

At the molecular level the findings of metformin effect 
vary depending on the doses used and duration of 
treatment, with clear differences between acute and 
chronic administration [42].In recent years, metformin has 
earned growing concern due to its likely neuroprotective 
actions and epidemiologicalperception on the mortality 
associated with its usein diabetes. The mechanism of 
neuroprotective actions of metformin can be summarized 
from previous studies as follows; first, before ischemia, 
treatment for three weeks will decrease AMPK activation 
and neuronal nitric oxide synthase (nNOS)in a cerebral 
ischemia [43], thusdecrease the infarct size [44]. Second, 
during ischemia, NO concentration decreases by the 
reduction ofoxygen availability, so the constitutive 
endothelial isoforms, eNOS and nNOS, synthetize low 
levels of NO [45].Experimentally,it has been noticed that 
the activation of AMPK depends on the production of NO 
by nNOS, and the neuroprotective effects of metformin 
were observed duringthe chronic treatment before 
ischemia44. Third, metformin may effect oxidative stress 
induced by cerebral ischemia and may affect antioxidant 
properties useful in controlling the side effects of ROS [46]. 
Fourth; metformin reduce the size ofthe infarct and on the 
improved motor performance during the  postischemia 
period through control of edema, BBB damage, and 
neuronal death caused by reduction of the osmotic 
changes secondary to the ischemic47. Fifth, the protective 
actions by metforminat the vascular level were assessed in 
diabetic patients as seen in the diabetic patient follow up 
study reveal vascular entire modeling” effect which could 
explain the significant reduction of ECV events by Cheng et 
al [48]. Sixth, One of the most interesting aspects of 
metformin is its anti-proliferative action may explain its 
neuroprotective action which is still conflicting49, through 
preventing cell death in cortical primary neurons by 
inhibiting pore opening and mitochondrial permeability in 
the presence of neuronal death inducer (etoposide) 
[42].Seventh, a rapid angiogenesis was observed in studies 
with metformin, though angiogenic effect need time to allow 
the evolution of new blood vessels prior to the stroke 
[50].Finally, metformin actions by inhibiting the activation of 
inflammatory responses has been studied in different cell 
types like hepatocytes, adipocytes, and neurons51. 
Other findings of the present study, majority of patients on 
combination treatment presented with a very poor glycemic 
control (HbA1c>9) along with significant increased lipid 
profile and TAS, particularly when the duration of treatment 
extended beyond 5 years and more, hens, majority 
experienced acute ischemic attack. This probably due to 
increased PN level contributing to aggravate the oxidative 
stress in those patients. Also, possibly due to inactivation of 
NO or decreased reactivity of the smooth muscle as 
mentioned above because of poor hyperglycemic status in 
those patients regardless of its level. 

The present findings matched recent prospective 
study found that 1,000 mg of metformin in two separated 
dosage compared with metformin plus glibenclamide co-
treatment revealed no significant differences FBS, serum 
insulin, HOMA-IR between metformin and add on 
glibenclamide groups, however, those with add on 
glibenclamide therapy had significantly higher HbA1c 
values compared to metformin group (7.5±1.7 vs. 6.8±0.9, 
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p-value=0.010) after 3 months treatment, also, MDA 
concentrations were significantly decreased in metformin 
group52. Metformin alone improved oxidative stress 
markers was similar to what was previously described53,54. 
It can be speculated that metformin exerts its 
pharmacological effects by its anti-peroxidative properties 
more efficient than that of metformin plus glibenclamide co-
treatment55. 
Moreover in the current study, TAS and lipid peroxidation 
end products (MDA) was significant positively correlated 
with glycemic and metabolic status, also this correlation 
strongly increased with longstanding combined treatment 
and poor glycemic status. 

Growing evidence implicates reactive nitrogen 
species (RNS), such as peroxynitrite (ONOO−), derived 
from nitric oxide (NO) and superoxide anion (O), are 
important in diabetes. The mechanisms by which diabetes 
increases RNS, and those by which RNS modifies vascular 
function, are poorly understood56. The discovery of 
peroxynitrite as a biological oxidant was documented from 
the physiological and chemical reviewed literature57. 
Oxidative modifications of hemoglobin in vivo including 
tyrosine nitration are greatly enhanced in smokers and 
T2DM patients58,59, conditions that disrupt vascular (•NO) 
and redox metabolism. The previous studies also 
demonstrate that low levels of peroxynitrite selectively 
nitrate and inactivate prostacyclin synthase (PGIS), which 
not only eliminates the vasodilatory, growth-inhibiting, 
antithrombotic, andanti-adhesive effects of prostacyclin, but 
also increases release of the potent vasoconstrictor, 
prothrombotic, growth- and adhesion-promoting agents, 
prostaglandin H (PGH) and thromboxane A (TxA)56. During 
ischemia, NO concentration suppresses by the reduction 
ofoxygen availability, so the constitutive endothelial 
isoforms, eNOS and nNOS, synthesize low levels of 
NO60.Therefore, the role of NO in the ischemic event may 
be dual due to its neuroprotective or neurotoxic effects61,62. 

Glycemic parameters (FBS and HbA1c) and TC 
correlated significant with ischemic stroke in the current 
study when patients treated < 5 years, and probably 
considered as predictive variables for the incidence of 
ischemic stroke. On the other hand, patients treated >5 
years, glycemic parameters (FBS and HbA1c) as well as 
MDA also showed a significant correlation with and as 
predictive variables for ischemic stroke. Nitric oxide did not 
show strong correlation with incidence of ischemic stroke, 
nevertheless, positive correlation was noticed with MDA in 
patients on combination treated > 5 years which could 
speculate the indirect effect of oxidative status on the level 
ofNO activation and incidence of ischemic stroke in those 
patients.  

Recent study by Alamelu & Dhananjayan63 brought an 
evidence show thatthe severity of stroke is lower in cases 
under metformin supplements when compared to controls, 
but the correlation between the duration of metformin use 
and the severity of stroke was not significant, finding similar 
to the results observed by Mima et al64.Other study 
reported no evidence show that intensive glucose-lowering 
treatment will improve the incidence of stroke in either 
T1DM or T2DM [65]. 
 

CONCLUSION  
 

Although some previous studies suggested that co-
administration of other anti-diabetic agents with metformin 
had better efficacy compared with metformin monotherapy, 
our results are not proved them. Though, our study 
provides further evidence that metformin monotherapy 
significantly diminishes oxidative stress and restores 
antioxidant capacity. 
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