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Abstract: Background and Objectives: Type II diabetes mellitus is becoming the most important health problems. It is
important to find new pathogenic pathways to provide opportunities for early diagnosis and targets for novel treatments. Aims:
to investigate the effect of type II diabetes mellitus on serum levels super oxide dismutase as a potential biomarkers of oxidant
/antioxidant imbalance, matrix-metaloprotinase-9, and interlukine -18 as an inflammatory biomarkers and estimated their
relationships with prevalence and progression of disease, to find out the effects of other confounding factors severity of disease,
gender, and age on the serum interested parameters levels, finally detected the correlation coefficient between the studied
parameters. Methods: This study was designed to examine the associations between the parameters with the prevalence and
progression of disease in 50 patients, and an equal number of matched age —gender healthy adults were also enrolled in this
study as a control group. The hypothesis of the study stated that oxidant /antioxidant imbalance and inflammatory process
influence the risk of adverse clinical outcomes are worthy for investigating. To elucidate this hypothesis, the parameters were
investigated using enzyme linked immunosorbent assay. Statistical Analyses: All analyses were performed with SPSS version
18. Results: Patients showed a significant variations in the serum focused parameters levels. The level of superoxide dismutase
in patient and control groups were (301.684 +97.041), (501.447 +162.781) (ng/ml) respectively. The level of matrix—
metalloprotinase-9 in patient and control groups were (2.632 + 1.745), (1.506+ 0.945) ng/ml respectively. The level of
interlukine -18 in patients and control groups were (93.996 +21.297), (48.400 £26.375) (pg/ml) respectively. Conclusions: The
prevalence of type II diabetes mellitus in the Erbil population constitutes a major health problem. Oxidative stress is increased
in type II diabetes mellitus and this finding may explain the role of oxidant /antioxidants status imbalance leading to significant
reduction in the serum superoxide dismutase level concomitant with increased inflammatory process leading to significant
elevation of matrix- metaloptotinase-9 and interlukine -18, and these findings added a prognostic information to type II
diabetes mellitus. Data demonstrated a highly significant association between the variation in the serum parameters levels with
prevalence and progression of the disease. Accordingly, these parameters have been evaluated as potential tools for type II
diabetes mellitus risk prediction. It can therefore be concluded that hyperglycemia influences the etiopathogenesis of type 11
diabetes mellitus.
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Oxidative stress /antioxidant status imbalance and
inflammatory process are involved in type II diabetes mellitus
(T2DM) prevalence and progression. Oxidative stress (OS)
plays a major role in the pathogenesis of T2DM [1]. Different
studies have provided evidences that hyperglycemia induces
OS and depleted antioxidant enzymes thus leading to increase
free radical (FR) generation in type II diabetes [2-3].

1. Introduction

The term diabetes mellitus (DM) defines as a metabolic
disorder of multiple etiology characterized by chronic
hyperglycemia with disturbances of carbohydrate, fat and
protein metabolism resulting from defects in insulin secretion,
insulin action, or both.
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1.1. Diabetes Mellitus Type II and Oxidative Stress

Oxidative stress is a phenomenon associated with
pathogenic mechanisms of several diseases including DM
which is defined as an imbalance between formation of FRs
and reactive metabolites, so-called oxidants, and their
elimination by protective mechanisms, referred to as anti-
oxidative systems. The final result of this imbalance is the
oxidation of important macromolecules, including proteins,
lipids, carbohydrates and DNA [4 ]. There are convincing
experimental and clinical evidences that the formation of
reactive oxygen species (ROS) is increased in T2DM and that
the onset of diabetes is closely associated with OS. Oxidative
stress starts at early onset of diabetes mellitus and increases
progressively [5]. Oxidative stress is the initial change
induced by high glucose, followed by activation of other
pathways that lead to cellular dysfunction and damage.

In recent years, much attention has been focused on the
role of OS and it has been reported that OS may constitute
the key and common event in the pathogenesis of secondary
diabetic complications [6 ].

Growing evidence indicates that OS plays a pivotal role in
insulin resistance, impaired insulin secretion and the
development of both micro and macro vascular diabetic
complications [7 ].

The ability of antioxidants to protect against the effects of
hyperglycemia along with the clinical benefits often reported
following antioxidant therapy, supports a causative role of
OS in mediating and /or worsening these abnormalities.

Superoxide Dismutase (EC 1.15.1.1)

It is one of the cellular defense mechanism for OS [8]. It is
the major antioxidant enzyme for superoxide removal, which
converts superoxide into hydrogen peroxide (H,O,) and
molecular oxygen.

1.2. Diabetes Mellitus Type II and Inflammatory Process

The inflammatory response starts with signal recognition
that may have an infectious or inflammatory origin, and the
release of chemicals from tissues and migrating cells called
mediators [9]. Inflammatory mediators appear to play a
fundamental role in the initiation, prevalence and progression
of T2DM and diabetic complications. Circulating cytokines
are elevated in T2DM, obesity, and insulin resistance and
play a central role in the pathogenesis of these disorders [10].

1.2.1. Maltrixmetalloproteinase-9

Matrix metalloproteinases (MMPs) are a family of zinc-
binding, endopeptidases proteolytic enzymes that normally
remodeling and degrade extracellular matrix proteins and
pathologically attack substrates as part of an inflammatory
response [11]. Increased activity of MMPs has been reported
in obesity, DM, arterial hypertension and dyslipidemia [12].
Their activity is regulated by tissue inhibitors of matrix
metalloproteinase (TIMMPs) and also by other molecules,
such as plasmin. Hyperglycemia and DM have been shown to
produce more ROS, which activate MMP-9 via OS [13 ].

Cellular damage, increased extra cellular matrix (ECM)

production and vascular dysfunction have all been implicated
in the pathogenesis of vascular disease in type I and type 11
diabetes mellitus [14 ].

Extracellular matrix abnormalities are a structural hallmark
in DM and fibrosis, characterized by ECM accumulation and
angiogenesis. Hyperglycemia inhibits matrix degradation and
affects the activities of the enzymes MMPs and their tissue
inhibitors (TIMPs), as well as increases the synthesis of ECM
components, including collagens, fibronectin [15 ].

1.2.2. Interlukin -18

Interleukins are regulatory proteins with ability to
accelerate or inhibit inflammatory processes, interleukins
may exhibit marked effects on the regulation of immune
responses and the pathogenesis of a great variety of diseases.
Interleukins-18 is expressed as a precursor, proinflammatory
cytokine with multiple biologic functions, pro-IL18 which is
inactive until cleaved by the enzyme caspase-1. Interleukins -
18 stimulates T-helper-1 (TH-1) and mediated immune
responses, so, it is an important mediator of innate immunity
[16]. Furthermore, IL-18 leads to production of other
proinflammatory molecules, including IL-8, IL-1f, tumor
necrosis factor-a (TNF-a), and intercellular adhesion
molecule-1 [17 ] from mononuclear cells and macrophages.
These molecules are known to increase in T2DM [18 ].

Interleukins-18 has also been suggested to be a potent
proinflammatory cytokine that regulates autoimmune and
inflammatory diseases [19 ]. Beside, it was published that
increasing levels of circulating IL-18 have been reported to
be closely associated with the components of metabolic
syndrome components [20 ], hyperglycemia [21 ], T2DM
[22 ], chronic complications of DM [23 ].

According to the above information, immunologic and
inflammatory mechanisms play a significant roles in a
development and progression of T2DM as well as
Inflammation is considered as a conceivable etiologic
mechanism for T2DM .

This case control study was designed to investigate the
hypothesis that a combined intervention consisting of
oxidative stress /antioxidant status imbalance concomitant
with inflammation process interactions in patients with
T2DM influence the risk of adverse clinical outcomes are
worthy for investigating, to test the hypothesis the enzymatic
antioxidant levels SOD as well as the inflammatory process
by investigating IL-18 and MMP-9 were measured using
enzyme linked immunosorbent assay (ELISA) as a potential
predictors of T2DM on 50 patients with T2DM, and an equal
numbers of matched age —gender apparently healthy adults
were also enrolled in this study for comparing purposes as a
control group. This would provide a better understanding of
the role of ROS in T2DM that could lead to the development
of new therapeutic strategies.

Therefore, because of impaired glucose metabolism leads
to OS, so, the aim of this study was that to investigate the
effect of T2DM on serum profile of SOD as a biomarker of
oxidant /antioxidant status imbalance, MMP-9 and IL-18 as
biomarkers of inflammatory processes and estimated their
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relationship with prevalence and progression of T2DM. In
addition, to find out the effects of other confounding factors
severity of disease, gender, and age on the serum levels of
interested parameters, finally detected the correlation
coefficient between the studied parameters.

2. Patients and Methods

This study designed to investigate the cooperation between
oxidative stress, antioxidant status concomitant with
inflammatory process with the prevalence of type II diabetes
mellitus in 50 patients of both genders who were diagnosed
at Diabetic Center (Al-Shahida Layla Qassim ), and an equal
numbers of the matched age —gender were also enrolled in
this study as a control group, both groups were completed the
baseline questionnaire concerning several risk factors
including history of smoking, physical activity, alcohol
consumption, gender, age, other diseases, complains, family
history, past medical history, and medication history.

This case control prospective study was performed at
Hawler Medical University, College of Pharmacy in period
between October 2013 to December 2014. The control group
was confirmed to be normal by biochemical and
hematological examinations. This study involved 95
participants, 50 patients with type II diabetes mellitus of both
genders (25 men and 25 women) with a mean age at
diagnosis (55.98+ 8.277) years were enrolled in this study
after exclusion of other diseases by clinical history,
laboratory investigations and clinical examination, and for
comparing purposes 45 matched age-gender apparently
healthy adults were randomly selected as a control group, this
group included ( 23) healthy men and (22 ) healthy women
with a mean age (55.9+ 7.5) years . All procedures were in
accordance with the established ethical standards.
Investigations: Biochemical ,hematological. All clinico-
pathological data of the patients were collected from the
clinical files of the patients. Verbal informed consents were
taken from all the participants before participation in the
current study. The Ethics Committee of Medical Research at
College of Pharmacy /Hawler Medical University approved
the study protocol .

2.1. Methods

Diabetes mellitus was diagnosed on the basis of Water
Health Organization (WHO) the fasting serum level of
glucose > 126 mg / ml .

2.1.1. Patients Selection

The study carried out in 50 patients who attending in
diabetic center ( Al-Shahyda Layla Qassim ), and 45 of
matched age-gender apparently healthy adult as a control
group were also enrolled in this study for comparing
purposes. Patients with T2DM were diagnosed by specialist
physician through clinical examination and confirmed by
laboratory tests at diabetic center (Al-Shahida Layla Qassim).

2.1.2. Sample Collection

The Protocol of the Study: Ten ml of the fasting blood
(overnight for 12—14 h) samples were collected from the vein
of the participants without using tourniquet. The blood
samples were left for 30 minutes for coagulation purpose,
and then centrifuged for 15 minutes at 2500-3500 revolution
per minutes (rpm). The sera of the patients were separated
and divided into several parts and put them into several
plastic plain tubes to do the biochemical tests of the current
study. The sera of the patients were stored at (-20 C °) till the
day of the analysis within (1-2 months). The sera samples
were prepared for measurement by warming the frozen sera
at room temperature. The exclusion criteria were: Obesity,
smoking, diseases (hypertension, cardiovascular disease,
asthmatic patients, malignancies, muscular disease, renal
disease, inflammatory diseases, chronic diseases), the current
use of any medications, patients on lipid lowering drugs and
antioxidant dietary supplements, vitamin supplements or
minerals were also excluded from the current study. By
depending on the physical, clinical examination, and
laboratory investigations hematological, biochemical data to
prevent the overlapping or interfering with the results of the
present study because these diseases also have serum
biochemical disturbances.

2.2. Biochemical Determinations

Oxidative stress /antioxidant status imbalance and
inflammatory process were measured by quantification of
SOD, MMP-9 and IL-18 using ELISA technique.

2.3. Statistical Analysis

Data were analyzed using the Statistical Patch for Social
Sciences. The results of biochemical tests were expressed as
mean * standard deviation, student t-test was applied to
compare between two means. Post Hoc test (LSD) was used
to show the significant difference between each two of three
variables. Multiple regression was used to show the
association between each of the biomarkers (as a dependent
variables) and several independent variables. A (p) value of <
0.05 was considered as statistical significance. Correlations
between laboratory findings and continuous variables were
evaluated using linear regression analysis.

3. Results

3.1. Subject Characteristics

The demographic and clinical characteristics of the
patients and control groups were exhibited in (Table 1). This
study included 95 participants of both genders , 50 of them
were patients with T2DM which were divided into two
groups poor control (35 patients with mean age 52.9 + 7.8)
and uncontrolled T2DM ( 15 patients with mean age 63.3 £
3).The reminders 45 were apparently healthy adults with
mean age was 55.9+ 7.5
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Table 1. The demographic and clinical characteristics of the patients and control groups.

N Mean +SD P

No DM 45 55.933 7.500
Poor control 35 52.857 7.845

Age Un-control 15 63.267 3.011 <0001
Total 95 55.958 7.877
No DM 45 74.222 4.188

. Poor control 35 73.943 7.372

weight/ke Un-control 15 70.400 11.319 168
Total 95 73.516 6.986
No DM 45 5.281 183
Poor control 35 8.386 323

0,

HbA.C % Un-control 15 10.487 1.499 <0001
Total 95 7.247 2.097
No DM 45 92.311 6.338
Poor control 35 231.486 26.983

Li158 Un- control 15 297.133 42.963 S
Total 95 175.926 86.010
No DM 45 1.506 945
Poor control 35 1.804 943

MMP-ng/ml Un-control 15 4.563 1.669 < 0.001
Total 95 2.098 1.524
No DM 45 48.400 26.375
Poor control 35 84.240 17.581

IL-18 pg/ml Un-control 15 116.760 6.603 <0001
Total 95 72.398 32.953
No DM 45 501.447 162.781
Poor control 35 357.320 43.149

I Un-control 15 171.867 51.409 S
Total 95 396.308 165.428

3.2. Effect of Type II Diabetes Mellitus on the Serum Levels  and 1L-18 as compared with the control group p< 0.001,
of the Studied Parameters while there was a highly significant reduction in the serum

) ) ) o level of SOD in patients group as compared with the control
In patients with T2DM there were a highly significant group p< 0.001 (Table 2).

elevation in the serum levels of HbA;C%, glucose, MMp-9

Table 2. Comparison between patients and control groups regarding the studied parameters.

Group N Mean +SD SE p
o patients 50 55.980 8.277 1.171 977
Control 45 55.933 7.500 1.118
e P : e e
macs : o [
pa e : e AU -
s 2 : i [ (T
i : o E A
SODoginl G s S01 44 6 24266 <0001

3.3. The Effect of the Stage of Disease with Regard to Poor and healthy subjects p< 0.001 and there was a significant

Controlled and Un-Controlled Type II Diabetes reduction in the serum level of SOD in T2DM patients (un-
Mellitus control group) as compared to poor control and healthy
subjects p< 0.001 .

The serum levels of HbA;C % and glucose were founded
to be significantly higher in T2DM patients (un-control group) 3.4. Gender —Effect
as compared with poor control and healthy subjects p< 0.001
(Table 1). On the other hand, there were a significant

elevations in the serum levels of MMp-9 and IL-18 in T2DM ~ Women regarding MMP-9 p=0.049, while there were no
patients (un-control group) as compared with poor control significant differences between men and women regarding
SOD and IL-18 p > 0.05 (Table 3).

There was a significant difference between men and
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Table 3. Comparison between men and women regarding the studied parameters in patient group.

Sex N Mean SD p
MMP-9ng/ml &zﬁlen ;2 ?25 }:g;‘g S
L M e,
oD i . i 192,37 -

3.5. Age —Effect

There were a moderate significant negative correlations
between SOD with age r=-0.676; P=0.001, there were a
moderate significant positive correlations between MMP-9
with age r=0.501; p=0.001, there were a moderate significant
positive correlations between IL-18 with age r=0.613;
p=0.001, there were a moderate significant positive
correlations between HbA;C with age = 0.613; p= 0.001,
there were a moderate significant positive correlations
between FBG with age r=0.550; p=0.001 ( Table 4).

3.6. Correlation Coefficient

3.6.1. Correlation Coefficient Between Studied Parameters
in Patient Group

The correlation coefficient between all serum levels of
studied parameters in patients group were presented in (Table
4).

There were a strong significant positive correlations
between HbA|C with FBG r=0.842, p=0.001; there were a
strong significant positive correlations between HbA,C with
MMp-9 1=0.757, p= 0.001; there were a strong significant
positive correlations between HbA,;C with IL-18 r=0.764,

p=0.001; there were a strong significant negative correlations
between HbA,;C with SOD r=- 0.883, p= 0.001; there were a
moderate significant positive correlations between HbA;C
with age r= 0.613, p= 0.001. Moreover, there were a
moderate significant positive correlations between FBG with
MMp-9 r=0.561, p= 0.001; there were a strong significant
positive correlations between FBG with IL-18 r= 0.818,
p=0.001; there were a strong significant negative correlations
between FBG with SOD r=-0.848, p=0.001; there were a
moderate significant positive correlations between FBG with
age 1r=0.550, p=0.001. In addition, there were a weak
significant positive correlations between MMP-9 with IL-18
r=0.452, p=0.001; there were a strong significant negative
correlations between MMP-9 with SOD r=-701, P=0.001;
there were a moderate significant positive correlations
between MMP-9 with age r=0.501 p=0.001. Furthermore,
there were a strong significant negative correlations between
IL-18 with SOD r=-0.889, p=0.001; there were a moderate
significant positive correlations between IL-18 with age
r=0.613, p=0.001. Finally, there were a moderate significant
negative correlations between SOD with age r=-0.676,
P=0.001.

Table 4. The correlation coefficient between All Studied Parameters in patients group.

weight’kg  HbA,C % FBG MMP-9ng/ml IL-18 pg/ml SOD age
Pearson Correlation 1 -.060 -.080 -.108 -.102 114 -.068
weight/kg Sig. (2-tailed) 679 .580 455 482 432 .640
N 50 50 50 50 50 50 50
Pearson Correlation -.060 1 842" 757 764 -.883" 613"
HbA,C % Sig. (2-tailed) 679 .000 .000 .000 .000 .000
N 50 50 50 50 50 50 50
Pearson Correlation -.080 842" 1 561 818" -.848" 550"
FBG Sig. (2-tailed) .580 .000 .000 .000 .000 .000
N 50 50 50 50 50 50 50
Pearson Correlation -.108 7577 561 1 492 -701" 5017
MMP-9ng/ml Sig. (2-tailed) 455 .000 .000 .000 .000 .000
N 50 50 50 50 50 50 50
Pearson Correlation -.102 764" 818" 492 1 -.889" 613"
IL-18 pg/ml Sig. (2-tailed) 482 .000 .000 .000 .000 .000
N 50 50 50 50 50 50 50
Pearson Correlation 114 -.883" -.848" -701" -.889" 1 -.676"
SOD Sig. (2-tailed) 432 .000 .000 .000 .000 .000
N 50 50 50 50 50 50 50
Pearson Correlation -.068 613" 550" 501" 613" -.676" 1
age Sig. (2-tailed) .640 .000 .000 .000 .000 .000
N 50 50 50 50 50 50 50

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



108

Shwan Ali Umar and Shatha Rouf Moustafa: The Potential Roles of Superoxide Dismutase, Matrix-Metalloprotinase-9 and

Interlukine -18 with the Prevalence and Progression of Type II Diabetes Mellitus

3.6.2. Correlation Coefficient Between Studied Parameters
in Control Group
The correlation coefficient between all serum levels of
studied parameters in patients group were presented in (Table
5). There were a moderate positive significant correlation

between HbA;C with MMp-9 r=0.516, p=0.001; there were a
strong negative significant correlation between HbA,;C with
SOD r= -0.702, p= 0.001; there were a moderate positive
significant correlation between HbA;C with age r=0.419,
p=0.004.

Table 5. The correlation coefficient between all studied parameters in control group.

weight/kg HbA,C % FBG MMP-9ng/ml IL-18 pg/ml SOD age
Pearson Correlation 1 -.110 205 .034 217 175 168
weight/kg Sig. (2-tailed) 472 178 827 152 251 269
N 45 45 45 45 45 45 45
Pearson Correlation -.110 1 -.163 516 -017 702" 419”7
HbA,C % Sig. (2-tailed) 472 285 .000 913 .000 .004
N 45 45 45 45 45 45 45
Pearson Correlation 205 -.163 1 -.003 171 .025 272
FBG Sig. (2-tailed) 178 285 986 263 872 071
N 45 45 45 45 45 45 45
Pearson Correlation 034 516" -.003 1 -127 -255 116
MMP-9ng/ml Sig. (2-tailed) .827 .000 986 407 .091 450
N 45 45 45 45 45 45 45
Pearson Correlation 217 -.017 171 -.127 1 .037 .016
IL-18 pg/ml Sig. (2-tailed) 152 913 263 407 .809 915
N 45 45 45 45 45 45 45
Pearson Correlation 175 702" 025 -255 037 1 -270
SOD Sig. (2-tailed) 251 .000 872 .091 .809 073
N 45 45 45 45 45 45 45
Pearson Correlation .168 419™ 272 116 016 -270 1
age Sig. (2-tailed) 269 .004 071 450 915 073
N 45 45 45 45 45 45 45

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

4. Discussion
4.1. General View

This study was designed to identify whether oxidative
stress / antioxidant status imbalance and inflammatory
process occurred in patients with T2DM as an events of
disease prevalence and progression, so, this study was aimed
to address the potential role of antioxidant enzyme
superoxide dismutase, in addition to investigate the role of
matrix metalloproteinase-9 in the inhibition of matrix
metalloprotein degradation by high glucose serum levels and
to measure the serum level of IL-18 as a marker of
inflammation process in the serum levels of all participants .

This study has shown that antioxidant marker SOD
concomitant with circulating inflammatory markers MMP-9
and IL-18 can be used as a wuseful biomarkers for
distinguishing patients with T2DM from normal subjects.

Data were consistent with the hypothesis of the present
study, that there were a highly significant association
between significant reduction in the serum level of SOD and
significant elevation in the serum levels of MMP-9 and IL-18
with prevalence and progression of T2DM.

This study has indicated the presence of OS, inflammatory

process and diminished antioxidant status in T2DM patients.

An increasing evidence suggesting of the possible
mechanisms through which OS exerts a regulatory role in
T2DM incidence, development and progression.

This study investigated the major antioxidant enzyme SOD
and inflammatory parameters MMP-9 and IL-18 in order to
obtain a comprehensive view of the type II diabetic patients,
the serum levels of focused parameters were correlated with
other confounding factors such as stage of the disease, gender,
age, and finally detected the correlation coefficient between
all studied parameters.

The study was aimed to determine the predictive
prognostic roles of these biomarkers for disease outcome. So,
the purpose of this study was to investigate the roles of these
interested parameters in prevalence and progression of
T2DM.

The values of all the parameters were statistically
compared with apparently healthy adults as a control group.
The results suggested that the lowered serum antioxidant
level may be as a consequence result of the OS of the disease.

The present study was designed to evaluate the activity of
antioxidant enzyme SOD and inflammatory markers MMp-9
and IL-18 in type II diabetic patients and control group, and
to examine the relationship between the measured parameters
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to define the potential clinical relevance of identifying
alterations affecting SOD, IL-18 and MMP-9 in type II
diabetic patients.

The demographic and clinical characteristics of the
patients and control groups were exhibited in (Table 1). This
study included 95 participants of both genders, 50 of them
were patients with T2DM which were divided into two
groups poor control (35 patients with mean age 52.9 + 7.8)

and uncontrolled T2DM (15 patients with mean age 63.3 + 3).

The reminders 45 were apparently healthy adults with mean
age was 55.9+ 7.5.

4.2. Effect of the Type II Diabetes Mellitus on the Serum
Levels of Studied Parameters

4.2.1. Anti-Oxidant Status Marker Superoxide Dismutase

The hypothesis was supported by the current findings that
the levels of ROS increase in patients with T2DM and
thereby cause depletion of antioxidant enzyme SOD in
patients as compared with the control group .

In patients with T2DM, data indicated that there was a
highly significant reduction in the serum level of SOD in
patients group as compared with the control group p< 0.001
(Table 2). In addition, data of the present study supported a
possibility that hyperglycemia might be related to decreased
activity of SOD, and given a strong negative correlation
between serum level of SOD and a HbA,C r= - 0.883,
p=0.001 (Table 4), as much as HbA;C increase SOD
decrease which showed more OS.

There is a considerable evidence indicating that
hyperglycemia may interfere with natural defence of the
antioxidant system, in addition to increase the production of
FRs [24] as well as several studies have reported lower
concentration of enzymatic antioxidants in type II diabetes
[2,25-27].

The current finding and other result revealed the
implication of OS in the pathogenesis of T2DM and
alteration in antioxidant enzymes [28]. Enhanced OS and
changes in antioxidant capacity, observed in both clinical and
experimental diabetes mellitus, are believed to be the
etiology of chronic diabetic complications [29].

To evaluate the antioxidant status in patients with T2DM
in Erbilian population, the antioxidant status was assessed by
determining the enzyme SOD. The present study examined
the antioxidant status marker SOD in the T2DM patients as
compared to normoglycemic subjects. The significant
reduction in serum level of SOD which was strongly
associated with incidence of T2DM and might represent a
useful prognostic marker in T2DM.

It was published that, superoxide dismutase is believed to
be the most important among the clinically assessable
enzymes involved in the OS [30].

This result may be explained an increased OS due to an
overproduction of ROS radicals in patients with T2DM, and
is paralleled by a significant reduction of the relevant
enzymes involved, particularly SOD.

The study of the current study was consistent with the
previous findings[24,27,31-34].

The above result was an indicator of decreased in the
protective antioxidant mechanism SOD because of an
increased production of FRs and ROS. According to the
result of the current study, SOD has been considered as a
reliable marker of oxidative stress / antioxidant status
imbalance and has a potential role in the progression and
development of T2DM and it is associated with incidence of
this disease.

Accordingly, data of the current study confirmed and
supported the hypothesis of previous researchers that OS
plays a major role in the pathogenesis of T2DM which is a
widely accepted contributor in the prevalence and
progression of diabetes and its complications [6].

It has been reported that diabetic patients have significant
defects of antioxidant protections and generation of ROS
(oxidative stress) which may play an important role in the
etiology of diabetic complications [35]. So, according to the
current result that the significant reduction in the serum
levels of SOD are thought to be related with the etiology of
T2DM.

The diminished levels of antioxidant defense mechanism
in the patients with T2DM can be accounted by two theories.
In the first, circulating antioxidant enzymes may have been
depleted in the attempt to counteract the DNA, lipid and
protein damage. On another hand, the elevated DNA, lipid
and protein oxidation may have occurred as a result of a
weakened defense mechanism [36].

The scientific explanation for significant reduction in the
serum level of SOD of the current study was that, SOD
enzyme is a part of the first line of defence against FRs, it is
expected that the activity of SOD may be affected by OS
before the other antioxidant enzymes [24], decrease in SOD
levels can result not only an increase in the superoxide-free
radical but also an elevation of other ROS and intensification
of lipid peroxidation processes in diabetes [27], in addition,
there is an evidence to show that hyperglycemia is
accompanied by the loss of Cu®’ as a result of osmotic
diuresis, Cu*" is an essential cofactor in SOD activity,
furthermore, SOD is inactivated by glycosylation in
erythrocytes [24]. Moreover, the decreasing of SOD activity
observed with progression of diabetes could be due to
glycation of the enzyme which occurs in the diabetic state
[37]. Beside, the reduction in SOD activity could also be due
to accumulation of HO FR in diabetic tissues which has been
shown to inhibit SOD[38]. Furthermore, in diabetic patients,
the autoxidation of glucose results in the formation of
H,0,which inactivates SOD [39]. Thus, increased glycation
in diabetic patients and subsequent reactions of proteins may
affect amino acids close to the active sites of the enzyme or
disturb the stereochemical configuration and causes
functional and structural variation in the molecule. This
finding could also explain the progressive decrease in SOD
in later stages of the diabetes.

Protective role of scavenger enzymes SOD may be
deteriorated by OS. This result was suggested that diabetes-
induced OS and played a key role in the prevalence and
progression of T2DM .
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In contrast , to the result of the current study which was
done by [32,40] who reported that , the activity of SOD was
significantly higher in type II diabetic patients as compared
with healthy subjects. These differences could be due to the
method of determination and units of expression or the stage
of disease or life style variation.

4.2.2. Inflammatory Parameter Matrixmetalloprotinase-9

The inflammatory hypothesis of T2DM proposed a
relationship between inflammation and T2DM. The
suggestion of this study was based upon the observation that
inflammation has been implicated in the pathogenesis and
pathophysiology of T2DM. High glucose concentration
inhibits matrix degradation and affects the activities of the
enzymes, the matrix metalloproteinases (MMPs) and their
tissue inhibitors (TIMPs) [41]. As MMP-9 expression can be
promoted by OS and hyperglycaemia that characterizes of
T2DM.

The result of the current study demonstrated that there was
a significant elevation in the serum level of MMP-9 as
compared with the control group p< 0.001 (Table 2 ).

The result of the present study was concordant with
previous findings [42-49], who reported a significant increase
in serum level of MMP-9 as compared the control group.

This study also highlight the role of MMP-9 to predict the
development and progression of T2DM as well as supported
the association between significant elevation of serum level
of MMp-9 with incidence of T2DM.

The explanation of increased expression of MMP-9 in
T2DM was that hyperglycemia directly or indirectly (e.g., via
oxidative stress or advanced glycation products) might
increase MMP expression and activity in large vessels [50],
there is an accumulating evidence indicated that OS may play
an important role in the pathogenesis of T2DM and MMP-9
is activated by ROS, and their expression seems to be
regulated by OS [51]. Furthermore, OS appears to play a
primary role in glucose-induced MMP-9 activity, suggesting
a possible beneficial effect of antioxidant therapy in T2DM.

So, according to the current finding, it was concluded that
high glucose level, suggesting that OS is involved in MMP-9
induction by hyperglycemia.

Data of the present study supported a possibility that
hyperglycemia might be related to increased activity of
MMP-9, and given the strong positive correlation between
serum MMP-9 concentrations and HbA;C r= 0.757, p=0.001
(Table 4 ), in addition there were a moderate significant
correlation between FBG with MMP-9 r=0.561, p=0.001.

In contrary to the expectations of the current study, [52-54]
have demonstrated a lower concentrations of MMP-9 in
subjects with T2DM .While, [55] recognized that the plasma
concentration of MMP-9 was not different between diabetic
and non-diabetic participants.

4.2.3. Interlukine -18

This study evaluated the effects of T2DM on inflammatory
marker IL-18. It is widely recognized that T2DM is
associated with low-grade chronic inflammation [56]. It has
been indicated that increased inflammation is an independent

risk factor for the development of T2DM [57].

This study was performed to investigate the role of
inflammatory marker IL-18 as a potential predictors of
T2DM. There was a significant elevation in the serum level
of IL-18 as compared with the control group p< 0.001 (Table
2). So, according to the current finding, it was concluded that
high glucose level, suggesting that inflammatory process is
involved in IL-18 induction by hyperglycemia.

Indeed, there was a significant interaction between
elevated glucose and serum IL-18 level. Data of the present
study supported a possibility that hyperglycaemia might be
related to increased activity of IL-18, and given a strong
significant positive correlation between HbA,C and IL-18 r=
0.76, p< 0.001 (Table 4), as much as HbA,C increased the
serum level of IL-18 increased, in addition there were a
strong significant association between FBG and IL-18
r=0.818, p=0.001(Table 4).

IL-18 has been shown to predict the development of
T2DM [58]. On the other hand, experimental hyperglycemia
has been shown to increase concentrations of IL-18 [21].

Several studies have provided further support to the
inflammation / T2DM association by demonstrating higher
serum levels of IL-18 among patients with T2DM.

As it was shown in (Table 2), the result of the current
study was concordant with many previous findings [59-64]
who reported that significant elevation in the serum levels of
IL-18 in patients with T2DM as compared with control group.

This finding has suggested that IL-18 might be involved in
the pathogenesis of the T2DM. So, data of the current study
supported a role of inflammation in the pathogenesis and
pathophysiology of T2DM.

Accordingly, the result of the present study added to the
mounting evidence that T2DM might be regarded as a
chronic low-grade inflammatory state.

The result of the this study supported the hypothesis that
inflammatory mechanisms might play an important role in
the incidence, development and progression of T2DM .

In the line with the current result, IL-18 has been shown to
predict the development of type II diabetes mellitus [58].

In this case control prospective study the elevated levels of
IL-18 have been shown to predict the development and
progression of T2DM and there was an association between
significant elevation of serum level of IL-18 with incidence
of T2DM .

Recent studies have suggested that an inflammatory
mechanism mediated by macrophages may play important
roles in the pathogenesis of T2DM and have shown that
inflammation is a key process in the development of diabetes
mellitus and diabetic complications.

The mechanisms for elevation of serum IL-18 levels in
T2DM remain unclear, although OS is a candidate [65 ].

Interleukin-18 is a potent proinflammatory cytokine that
has been reported to be associated with the development of
T2DM [58,66], and recently involved in the pathogenesis of
DM. Elevated glucose was an independent predictor of
events for all inflammatory markers, the event rates were
higher in patients with elevated glucose .
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4.3. Effect of Stage of Disease with Regard to Poor
Controlled and Un-Controlled Type II Diabetes
Mellitus

The serum levels of HbA;C% and glucose were founded to
be significantly higher in T2DM patients (un-control group)
as compared with poor control and healthy subjects (p< 0.001)
(Table 1). On the other hand, there were a significant
elevations in the serum levels of MMp-9 and IL-18 in T2DM
patients (un-control group) as compared to poor control and
healthy subjects (p< 0.001) and regarding SOD, there was a
significant reduction in the serum level of SOD in T2DM
patients (un-controlled diabetic patients group as compared
to poor control and healthy subjects ( Table 1) (p< 0.001).

This parameter (SOD) indicated that, an OS is more during
uncontrolled stage of diabetes and this result was agreeable
with the previous findings [27] .

4.4. Gender —Effect

The comparison between men and women regarding the
studied parameters in patients group was presented in (Table
3), there was a significant difference between men and
women regarding MMP-9 p=0.049, while there were no
significant differences between men and women regarding
SOD and IL-18 p > 0.05.

Similarly, the study of [27] has examined the relationship
between gender and oxidative stress / antioxidant status, in
diabetic condition, SOD level was slightly decreased but no
significant difference was found in diabetic men compared
with diabetic women. The study of [27], clearly showed that
diabetic patients, irrespective of the gender, were exposed to
an increased OS via lipid peroxidation.

There are a number of reasons for discrepancies between
studies. The external environment is also a significant
contributor to OS. Other factors like body composition,
smoking status, diet, physical activity level, and the strength
of defense mechanism are also important.

4.5. Age-Factor

4.5.1. Effect of Aging on Glucose Serum Level in Type I1
Diabetes Mellitus

Diabetes mellitus type 2 progressively increases with age.
In 2005, the prevalence of DM in the United States was
estimated to be 0.22% for persons <20 years of age and 9.6%
in those >20 years of age. In individuals > 60 years old, the
prevalence of DM was 20%.

Type II diabetes mellitus is a common burden in the
elderly [67]. There are a number of changes that occur as
individuals aged. Aging is associated with alterations in body
composition, which has implications in the development of
insulin resistance and diabetes .

These information supported the result of the current study
that elderly individuals are at a high risk to develop T2DM.
The average age of patients of the current study at diagnosis
was 55.98+ 8.277 (Table 2). In addition, in accordance with
the current study [68] reported that more than 80% of the
type II diabetics were over the age of 40. Data of [69]

suggested that an increased incidence of T2DM in the elderly
could be due to alterations in the homeostatic mechanisms of
TNF-a, IL-6, and CRP levels, and that low-grade systemic
inflammation occurs in T2DM.

4.5.2. Effect of Aging on Studied Parameters

In patients group, (Table 4) exhibited that there were a
moderate significant negative correlations between SOD with
age 1r=-0.676; P=0.001, SOD activity decreases with
advancing age, this finding was concordant with the concept
that in advanced age there is more OS and more FRs
generation which lead to inhibit the activity of antioxidant
defense mechanism as well as this finding was concordant
with previous result of [70]. While [27] reported that, SOD
lowers in diabetic age group >50 yrs compared with age
groups 30-39 and 4049 yrs. So, the results of [27] indicated
that OS impacts the aging process that may be caused by a
number of factors including increased FR generation,
decreased antioxidant system, or a decreased removal or
repair.

Although the exact mechanisms are not known, it is
assumed that OS is an important factor in the aging process
and the individuals who are more resistant to the
accumulation of oxidative damage will live longer. As the
prevalence increases with age, the lifetime risk of developing
diabetes is around 10% [71].

In addition, there were a moderate significant positive
correlations between MMP-9 with age r=0.501; p=0.001,
there were a moderate significant positive correlations
between IL-18 with age r=0.613; p=0.001, there were a
moderate significant positive correlations between HbA;C
with age r= 0.613; p= 0.001, there were a moderate
significant positive correlations between FBG with age
r=0.550; p=0.001 ( Table 4).

In control group (Table 5 ) revealed that there was a
negative weak correlation between Age and SOD ( r=-
0.270 ,p= 0.073).This finding was consistent with previous
study of [27] who published that, no significant correlation
was found between antioxidant enzyme SOD activity and
various age groups in non-diabetic healthy persons.

4.6. Correlation Coefficient

The correlation coefficient between all serum levels of
studied parameters in patients group were presented in (Table
4). There were a strong significant positive correlations
between HbA,C with FBG r=0.842, p=0.001; there were a
strong significant positive correlations between HbA,C with
MMp-9 r=0.757, p= 0.001; there were a strong significant
positive correlations between HbA;C with IL-18 r=0.764,
p=0.001; there were a strong significant negative correlations
between HbA,C with SOD r=- 0.883 , p= 0.001 ; there were
a moderate significant positive correlations between HbA;C
with age r= 0.613, p= 0.001. Moreover, there were a
moderate significant positive correlations between FBG with
MMp-9 r=0.561, p= 0.001; there were a strong significant
positive correlations between FBG with IL-18 = 0.818 ,
p=0.001; there were a strong significant negative correlations
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between FBG with SOD r=-0.848, p=0.001; there were a
moderate significant positive correlations between FBG with
age r=0.550, p=0.001. In addition, there were a weak
significant positive correlations between MMP-9 with IL-18
r=0.452, p=0.001; there were a strong significant negative
correlations between MMP-9 with SOD r=-701, P=0.001;
there were a moderate significant positive correlations
between MMP-9 with age r=0.501 p=0.001. Furthermore,
there were a strong significant negative correlations between
IL-18 with SOD r=-0.889, p=0.001; there were a moderate
significant positive correlations between IL-18 with age
r=0.613, p=0.001. Finally, there were a moderate significant
negative correlations between SOD with age r=-0.676,
P=0.001.

There was a significant strong negative correlation
between FBG and SOD ( r= -0.848 ,p= 0.001). Moreover
there was a significant strong negative correlation between
SOD and HbA,C r=-0.883, p=0.001. In addition, there was a
strong significant positive correlation between FBG and
HbA,C r=0.842 , p< 0.001 (Table 4).

While the study of [72] who reported that, in spite of low
activities of SOD in T2DM, a negative, but not significant
correlation between the activities of the enzyme and levels of
glycated hemoglobin, fasting blood glucose.

Strengths of the study: The presented study has a strength
that, the current study was the first prospective study in Erbil
population that was performed to investigate the combined
effects of oxidative /antioxidant status imbalance and
inflammatory process by investigating SOD, MMP-9 and IL-
18 markers in T2DM risk prediction.

Accordingly, these results have provided the first evidence
of a close association of serum SOD, MMP-9 and IL-18
levels in combination pattern with the prevalence and
progression of T2DM, the significant reduction in serum
level of SOD and the significant elevation of MMp-9 and IL-
18 in combination pattern, have been proposed as the most
interesting findings to explain the pathophysiology of T2DM.

The most significant novelty in the present study is the
presence of a correlation between the patient biological
parameters such as antioxidant enzyme activity SOD, MMP-
9 and IL-18 with the prevalence and progression of T2DM.

Clinical utility and implication of this study: The social
and economic costs of T2DM are enormous, for health care
services and through loss of productivity. The importance of
this study is therefore to supply an update current thinking
about T2DM to improve the physical health of the patients.

The therapeutic use of antioxidants might be a useful
approach. However, conventional antioxidants are effective
because these compounds neutralize reactive oxygen
molecules as well as the pharmacologic targeting of these

parameters might provide an effective means to
simultaneously control T2DM.
These analyses may provide new insight on the

mechanisms through which OS may affect the clinical
symptoms and disease progression.

The growing knowledge and better understanding of the
role of the inflammatory pathway in the T2DM will represent

an essential therapeutic opportunity for the production of new
strategies that can be used successfully into clinical
applications for the therapy of this disease. Moreover, this
finding suggested the possibility of a potential effect of
inflammation in T2DM risk prediction.

This study revealed that inflammatory markers MMP-9
and IL-18 added a potential prognostic information regarding
T2DM. Indeed, there was a significant interaction between
elevated glucose with MMP-9 and IL-18 which have been
shown to predict the prevalence and progression of T2DM.
The results of the current study point out to a more
generalized concept with increased susceptibility to
inflammation in the presence of hyperglycemia.

Data of the current study warrant further investigation with
adequate clinical trials to test the hypothesis that
supplementation of antioxidant agents may prevent /protect
the patients from oxidative stress.

Alterations in the serum levels of these parameters
contributed with T2DM prevalence, progression and are
likely to provide relevant prognostic information to assist in
the management of T2DM .

The main purpose of the research is that it may publish
something which will help either directly or indirectly - the
patients who look after.

5. Conclusion

This case control study was demonstrated a significant
reduction in the serum level of SOD concomitant with
significant elevations in the serum levels of MMP-9 and IL-
18 as compared with the control group. The main findings in
this study was strongly predicted T2DM and were associated
with the prevalence and progression of T2DM.

Hyperglycemia induces the overproduction of oxygen free
radicals and consequently decreased the activity of SOD. The
results of the current study revealed that OS in T2DM can be
accelerated not only due to increased production of ROS
caused by hyperglycemia but also by reduced ability of
antioxidant defense system SOD. The findings of the present
study suggested that T2DM was altered the metabolic state of
oxidation-reduction and that it was convenient to give
therapeutic interventions with antioxidants.

It is concluded on the basis of the present study that FRs
are implicated in the etiology of T2DM and that enzymatic
antioxidant SOD had a major role in preventing cellular
oxidative damage.

Significant reduction in serum levels of SOD in type II
diabetic patients indicated depletion of antioxidant
mechanism and prognosis of OS. Therefore, estimations of
this antioxidant enzyme SOD might be used as marker in the
management of glycemic control and the development of
diabetic complications.

Moreover, this finding suggested the possibility of
potential effect of inflammation in T2DM risk prediction.
This study suggested that inflammation was a key process in
the development of T2DM. This finding revealed a potential
role of hyperglycemia on inflammation which was presented
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by significant elevation in the serum levels of MMP-9 and
IL-18 in patients with T2DM as compared with the control
group.

Matrix metalloproteinase -9 activity is increased in T2DM,
in part because of enhanced OS which plays an important
role in the prevalence of T2DM. Accordingly, this study
suggested that OS is involved in MMP-9 induction by
hyperglycemia. So , OS appears to play a primary role in
glucose-induced MMP-9 activity, suggesting a possible
beneficial effect of antioxidant therapy in the complications
of T2DM.

This novel mechanism of redox-sensitive MMP-9
expression by hyperglycemia may provide a rationale for
antioxidant therapy to modulate T2DM. It can therefore be
concluded that hyperglycemia influences the
etiopathogenesis of T2DM .

The inflammatory molecule IL-18 was as an independent
predictor of T2DM and it was involved in the pathogenesis,
development and progression of T2DM. Besides, IL-18 may
be a useful biomarker of the clinical manifestations of T2DM
and for the management of the risk factors. Inflammatory
cytokine IL-18 exert an important actions implicated from
development of the initial stages of T2DM to progression and
to late stages. So, the recognition of this molecule IL-18 as a
significant pathogenic factor in this disease will provide a
new therapeutic targets.

Growing evidence highlights the importance of
inflammatory mechanisms in the development and
progression of T2DM. Therefore, investigation the anti-
inflammatory strategies may offer new approaches of further
effect.

The presented findings showed that the oxidative/ anti-
oxidative status imbalance marker SOD and inflammatory
markers MMp-9, IL-18 added a prognostic information
regarding T2DM.

Therefore, the future studies need to focus on gathering
large sample size to clarify the relationship between
antioxidant depletion concomitant with inflammatory
process with the incidence of T2DM. So, it was postulated
that further researches on larger groups of subjects might
help to elucidate the effects of hyperglycemia upon the
activities SOD , of matrix metalloproteinases and IL-18 in
humans.

In addition, this study offers the basis for further work on
whether the manipulation of redox balance in patients with
T2DM a useful approach in the design of future therapies for
T2DM.

The growing knowledge and better understanding of the
role of the inflammatory processes in the pathogenesis of
T2DM will represent an important therapeutic opportunity
for the development of new strategies that can be translated
successfully into clinical applications for the treatment of
T2DM.

As evidence accumulates linking inflammatory processes
with T2DM, markers of inflammation may become useful by
providing additional information about a patient’s risk of
developing T2DM, as well as providing new targets for

treatment. The mechanisms of MMP-9 and IL-18 productions
and activities in T2DM will allow the identification of targets
for more effective therapeutic intervention.

Future studies will be aimed at preventing and /or
correcting OS in T2DM by active therapeutic interventions
such as by the administration of antioxidant agents contained
in the diet or supplemented to it.

Further studies are needed to confirm and elucidate these
findings and further prospective studies on the relationship
between oxidant /antioxidant status and inflammation with
the incidence of T2DM are needed to strengthen this
evidence base.

There is a need to continue exploring the relationship
between free radicals with T2DM to elucidate the
mechanisms by which oxidative stress / antioxidant
imbalance and inflammatory processes accelerate the
prevalence and progression of T2DM.

Abbreviation

CRP: C-reactive protein DM: Diabetes mellitus , DNA:
Deoxyribonucleic acid , ECM : Extracellular matrix , ELISA:
Enzyme linked immunosorbent assay, H,O,: Hydrogen
peroxide, IL-18 Interlukine-18 s MMP-
9 :Matrixmetalloprotinase-9, OS :Oxidative stress , ROS:
Reactive Oxygen species, rpm: revolution per minutes ,
SOD : Superoxide dismutase , T2DM: Type 2 diabetes
mellitus , TIMPs : Tissue inhibitors matrixmetalloprotinase,
TH-1: T-helper-1,TNF TNF-a, : Tumor necrosis factor TNF-
o, WHO: Water Health Organization.
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