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Abstract

Background: The human body is continually exposed to diverse chemicals, resulting in reactive
species known as free radicals (reactive oxygen species/reactive nitrogen species), which
damage cellular machinery by transferring their free unpaired electron. The body possesses
endogenous antioxidant systems or obtains exogenous antioxidants from the diet to fight the
adverse effects of such species, which neutralize the species and maintain biological
homeostasis. Any imbalance between free radicals and antioxidants results in a situation known
as "oxidative stress," which can contribute to the development of pathological illnesses like
diabetes. Patients and methods: This study showed the link between total antioxidants capacity,
total oxidant status and oxidative stress Index among (60) patients with type 2 diabetes mellitus
and (30) healthy people as control.The parameters of the cases and controls using standard
spectrophotometric methods were assessed. Results: highly significant (p<0.01) increase of OSI
in T2DM (5.24 = 1.17) compared to healthy control (0.85 = 0.06) and significantly elevated (p <
0.05) of TOS concentrated in T2DM (3.55 = 0.8 umol H202 Eq./l) compared to healthy control
(1.29 = 0.059). also, there was decreased in TAC concentration in T2DM patients (0.65%
0.087pmol Vit C. Eq. /L) compared to healthy control (1.51 = 0.084pmol Vit C. Eq. /L) (p < 0.05).
Conclusion: T2DM is a disorder characterized by elevated oxidative stress, which necessitates
the use of antioxidants to counteract the oxidants.
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1. Introduction

Several experimental, epidemiologic, and clinical
research support the idea believe there is a role for
oxidative stress in T2DM progression. The
progression of organ injuries is defined by diabetes
complications, often known as late or chronic
diabetes illnesses. One of the key causes of
microvascular and macrovascular diabetic problems
is oxidative stress ™. Some of the mechanisms
implicated in oxidative stress in diabetes patients
include glycosylation-induced oxygen free radicals,
auto-oxidation of glycation products, alterations in
tissue material, and/or activation of antioxidant
defense systems ©@. Several investigations in T2DM
patients have discovered evidence of oxidative
damage to numerous macromolecules, as well as
their impact on antioxidant/pro-oxidant systems.
Antioxidants operate as enzymatic (glutathione
peroxidase, superoxide dismutase, and catalase) or
non-enzymatic (glutathione and uric) scavengers of
TOS in cells, protecting biological systems against
oxidative damage ©%. In this context, it appears that
determining the level of oxidative stress
measurements in  blood as biomarkers for
recognizing and avoiding diabetic complications is
critical. Until date, there has been a scarcity of
methods for identifying the presence of oxidative
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stress in patients at the clinical level. While there are
various ways for evaluating the oxidative profile,
none of them are appropriate for clinical diagnosis.
On the other hand, some of these strategies can be
put to better use for explain the emergence of
problems that takes place throughout the evolution
of metabolic disorders like diabetes. When assessing
antioxidant ability, the combined activity of TAC
present in serum and bodily fluids is taken into
account. As a result, an integrated parameter is
obtained rather than a basic amount of the
observable antioxidants. As a result, the antioxidant
potential of known and undiscovered antioxidants is
assessed, as well as their synergistic connection,
revealing the precise balance between oxidants and
antioxidants in the body.

Subjects’ collection and sample
preparation

There are two groups in this study (control and
patients’ group). All of the samples were taken in the
governorate of AL-Anbar. The research was carried
out at the laboratories of the Fallujah maternity and
children's hospital. Questionnaires were created to
collect data from the control and patient groups.
Thirty seemingly healthy male subjects made up the
control group to get homogeneous group. The age
of this group ranged from 32 to 55 years, with a
mean of 48.4+ 5.04 and the patients group is about
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60 T2DM male patients. The patients' ages ranged
from 31 to 55 years, with a mean of 48.36+ 6.04. The
subjects inquired to come for blood sampling in
fasting status.

Ethical consent

The study protocol was assessed and approved by
the Ethics Committee of our institution, the research
protocol did not interfere with any medical
recommendations or prescriptions.  Informed
consent was taken from the patient with keeping the
patients’ records confidential in all stages of the
study. This work has been carried out in accordance
with The Code of Ethics of the World Medical
Association (Declaration of Helsinki) for studies
involving humans.

2. Methods

Total antioxidant capacity (TAC) and Total oxidant
status (TOS) were determined according to the
method described by Erel (5,6). The ratio of TOS to
TAC represents the oxidative stress index (OSI) which
is an indicator of the degree of oxidative stress (7).

3. Statistical Analyses

The statistical operations on the acquired data were
run using the Statistical Package for the Social
Sciences (SPSS) version 23.0. Pearson's correlation
coefficient was used to determine the correlation
between variables in the serum T2DM. The results of
the statistical study are presented as mean *
standard deviation. Significant is defined as a p-value
of less than 0.05.

4. Results

v= - 0.233% %+ 17.33
r=-0.737. p-value = 0.001
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The results of the present study showed strong
positive correlation p < 0.001, r = (0.638) of OSI
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There is a highly significant (p<0.01) increase of
oxidative stress index (OSI) in T2DM (5.24 + 1.17)
compared to healthy control (0.85 + 0.06) as showed
in table 1.

Level of TAC has decreased significantly (p < 0.05) in
T2DM (0.65+ 0.087umol Vit C. Eq. /L) compared to
healthy control (1.51 * 0.084umol Vit C. Eq. /L) as
showed in table 1.

The level of total oxidant status (TOS) was
significantly elevated (p < 0.05) in T2DM (3.55 + 0.8
pmol H2O2 Eq./l) compared to healthy control (1.29
+ 0.059) as showed in table 1.

Control, _
Parameter |N=30 Mean+ TI\ZAZEI:/:{ L\lggo p-value*
SD B
TOS (umol
H202 Eq./) 1.29+0.059 | 3.55%0.8 <0.05
0S| 0.85+0.06 | 5.24+1.17 < 0.01
TAC (umol
Vit.C.Eq/L) 1.51+0.084 | 0.65+0.087 | <0.05
* Correlation is strong at p < 0.05

The results of linear regression analysis showed
strong negative association p < 0.001 r = (-0.737, -
0.897) of TOS and OSI levels with TAC in T2DM
patients group. This correlations is shown in table 2.

Parameters Correlation coefficientr | p-value*
TOS -0.737 0.001
Osl -0.897 0.001

Correlation is strong at p < 0.05

levels with TOS. These correlations shown in and
table 3.

Parameters Correlation coefficient r
oSl 0.638
* Correlation is strong at p < 0.05

p-value*
0.001

6.007 y=0.3612x + 1.6938
R?=0.
r=0.638, p-value = 0.001

&.00- 3 o

@ o

4.00-

3.00

TOS{umol H202 Eq. 1)

2,00

5. Discussion

There is a high free radical (FR) load in T2DM, which
is linked to hyperglycemia. The increased glucose
binds to proteins and glycates them, resulting in the
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development of advanced glycation end-products
(AGEs) and a large number of FRs (8). Tissue damage
and aging have been linked to AGEs (9). Glycation of
proteins raises the rate of FR synthesis by roughly
fifty times when compared to control levels in
diabetes. Once generated, AGEs bind to their
receptors advanced glycation end-products RAGE
cell surface receptors in endothelial cells and
macrophages, triggering post receptor signaling, the
production of intracellular ROS.

Also, by the generation of ROS its effects on the
vasculature of tissues, Low physiologic ROS levels
may have a role in insulin's activation of glucose
consumption (10). Inflammatory ROS
overproduction, on the other hand, appears to block
insulin  metabolic activities, leading to insulin
resistance (11).

Nina et al (12) showed that OSI, and TOS were higher
in patients with diabetic nephropathy compared to
healthy control group.

A rise in TOS is accompanied by a rise in ROS
production. Antioxidants react with or neutralize the
majority of ROS produced by macrophages and
neutrophils. Tissue injury happens either before or
simultaneously with the formation of ROS as a result
of an inflammatory response (13). As a result,
oxidative stress indicators such as advanced
oxidation protein products, lipid peroxidation
products MDA and thiobarbituric acid-reacting
substances, and oxidative DNA damage product 8-
hydroxydeoxyguanosine (14), as well as advanced
oxidation protein products, are widely utilized
(15,16).

Azmi et al (17) found that the TOS and OSl in patient
groups were considerably greater than the control
group. Furthermore, they claimed that insulin
resistance is linked to an increase in oxidative stress.
This agree with the results of the present study which
showed strong positive association p < 0.05, r =
(0.639) of serum OSlI level with TOS.

An increase in TOS in patients with diabetic, as well
as neurotransmitter alterations that occur as a result
of Long-term exposure to high blood glucose levels
has been linked to the development of diabetes
which is a sign of neuronal damage (18).

Pieme, (19) mentioned that the levels of reduced
GSH and TAC potentially offer data on the likelihood
of acquiring diabetic complications given that the
modification of these biomarkers levels was
correlated to oxidative stress.The findings of this
study support those of Ganjifrockwala (20), who
found significant reduction in TAC when compared
to controls.

Reactive oxygen metabolites and their products are
increased in hyperglycemia (21). TAC depletion
causes increase in oxidative stress. Papachristoforou
and others (22) According to the findings,
hyperglycemia increased oxidative stress and a
decrease in TAC levels in the vascular straight
muscles. In this study, linear regression analysis
results demonstrate a strong negative association of
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levels of TOS and OSI with TAC (p < 0.05) in T2DM
patients.

There is a highly significant p < 0.01 increase of
oxidative stress index OSI| in T2DM compared to
healthy control.

Another study showed, OS| were considerably
greater in T2DM group than the control group. OSI
was found to be positively linked with blood glucose
and HbA1c (23).

lhsan Boyac @ discovered that the OSI| was
significantly decrease in those of control group than
T2DM, and he also indicated that insulin resistance
is the primary pathophysiologic mechanism in
T2DM. Insulin resistance causes hyperinsulinemia as
a secondary effect. Hyperinsulinemia causes
oxidative stress, which results in cell death and
insulin shortage. According to these findings,
breaking and preventing insulin resistance in T2DM
should be an aim of our treatment techniques.

Akin et al (25) found that patients' TOS levels were
much higher than healthy controls. Ségit et al (26)
found a significant rise in the level of TOS in the
patients. As previously stated, each of these
investigations measured the level of oxidants
individually. Existing methods allow for the detection
of blood each oxidant/antioxidant level
independently, but They take a long time and need
a lot of effort, and for two reasons, they may not be
correct: (1) Unknown oxidants/antioxidants it's
possible that it's still present in the serum, and (2)
multiple types of oxidants/antioxidants in the same
system may combine and provide an additive or
synergistic effect. To demonstrate a definitive
relationship between oxidative stress and T2DM,
measuring merely one or a few particular
oxidants/antioxidants in the blood is insufficient. As
a result, TOS is commonly used to evaluate the
body's total oxidation state (27).

6. Conclusions

TAC is a measurement of the body's overall
antioxidant status. Because it is a full measurement
of TAC and TOS, The OSl is defined as the ratio of
TOS to TAC, is a more precise indicator of oxidative
stress in the body. The OS measures TOS, TAC, and
OSI are used to assess the body's total oxidative
stress level. The levels of TOS, TAC and OSlin T2DM
patients were compared to a control group for the
purpose of investigate the relationship between
T2DM and oxidative stress factors, as well as the
clinical importance of this index in T2DM. In T2DM
patients, a higher FBS altered the levels of TAC,
indicating a reduction in scavenging capability. This
result of Hyperglycemia (high blood sugar) could
explain the causes of production of free radicals, as
well as an increase in TOS and OSI.
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