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Abstract: Type 2 diabetes mellitus (T2DM) is one of the most
common chronic diseases worldwide. Alongside insulin resistance and
1mpaired glucose metabolism, oxidative stress plays a central role in its
development and complications. Oxidative stress arises from excessive
production of reactive oxygen species (ROS) and reduced antioxidant
defense, leading to cellular damage. This article reviews the biochemical
mechanisms of oxidative stress in T2DM, its harmful effects on lipids,
proteins, and DNA, and the role of antioxidants as potential therapeutic
agents. Vitamins C and E, glutathione, polyphenols, and alpha-lipoic acid
have shown beneficial effects in reducing oxidative stress and improving
metabolic balance. Although antioxidants cannot completely cure
diabetes, they may serve as valuable complementary strategies to limit
complications and improve patient health.
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Introduction: Type 2 diabetes mellitus (T2DM) represents one of
the most pressing health issues of the 21st century. According to the
International Diabetes Federation (IDF), the global prevalence of
diabetes is projected to reach 643 million by 2030 if current trends
continue. While T2DM has traditionally been linked to insulin
resistance, B-cell dysfunction, and impaired glucose metabolism, a
growing body of evidence suggests that oxidative stress plays a pivotal
role in both the initiation and progression of the disease.

https:// newconference.ru/index.php/Ireland
101



International Conference on Advance Education 2025 Ireland

Oxidative stress occurs when there is an imbalance between the
excessive generation of reactive oxygen species (ROS) and the body’s
antioxidant defense systems. Elevated ROS levels are capable of
damaging vital biomolecules including lipids, proteins, and nucleic acids.
This cumulative cellular injury contributes not only to hyperglycemia-
induced toxicity but also to the development of long-term diabetic
complications.

Given the central role of oxidative stress in the pathophysiology of
T2DM, antioxidant-based strategies have gained considerable attention.
Researchers are increasingly investigating whether dietary or
pharmacological antioxidants may help in preventing or slowing the
progression of diabetes-related complications.

Biochemical Basis of Oxidative Stress in Type 2 Diabetes

Hyperglycemia and ROS Production

Chronic hyperglycemia is one of the primary drivers of ROS
overproduction in diabetic patients. Several mechanisms are involved:

1. Glucose auto-oxidation: Glucose molecules in the bloodstream undergo
spontaneous oxidation, generating superoxide anions and hydrogen
peroxide.

2. Protein glycation: Persistent hyperglycemia leads to the non-
enzymatic glycation of proteins, producing advanced glycation end-
products (AGEs). These AGEs interact with receptors (RAGE), initiating
further ROS generation and inflammatory responses.

3. Mitochondrial dysfunction: The overload of glucose in mitochondria
increases electron leakage from the electron transport chain, which in
turn accelerates superoxide formation.

Impact on Cellular Structures

The overproduction of ROS has widespread cellular consequences:
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« Lipid peroxidation damages plasma and organelle membranes,
disrupting cell integrity and signaling.

* Protein oxidation alters enzymatic activity, leading to reduced insulin
receptor sensitivity.

* DNA damage results in mutations and may impair B-cell survival and
proliferation.
These molecular disruptions amplify insulin resistance and exacerbate B-
cell dysfunction, creating a vicious cycle that accelerates the progression
of T2DM.

Antioxidant Defense Systems in the Human Body

Under physiological conditions, the human body has robust
mechanisms to counteract oxidative stress. Key enzymatic antioxidants
include:

* Superoxide dismutase (SOD) — converts superoxide anions into
hydrogen peroxide.

+ Catalase — breaks down hydrogen peroxide into water and oxygen.

* Glutathione peroxidase (GPx) — reduces lipid hydroperoxides and
hydrogen peroxide using glutathione as a substrate.

In addition, non-enzymatic antioxidants such as vitamins C and E,
uric acid, and polyphenolic compounds obtained from the diet provide an
additional layer of protection. However, in individuals with T2DM, these
defense systems are often insufficient to neutralize the elevated ROS
load.

Therapeutic Potential of Antioxidants
Vitamins and Nutrients
Numerous clinical and experimental studies have demonstrated the

beneficial effects of antioxidants in managing oxidative stress in T2DM:
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1. Vitamin C (ascorbic acid): This water-soluble antioxidant directly
scavenges ROS and regenerates vitamin E, enhancing overall
antioxidant capacity. Supplementation has been shown to improve
endothelial function and reduce oxidative DNA damage in diabetic
patients.

2. Vitamin E (tocopherol): Being lipid-soluble, it primarily protects cell
membranes from lipid peroxidation. Studies suggest that vitamin E
supplementation improves insulin sensitivity and reduces markers of
oxidative stress.

3. Glutathione: Known as the “master antioxidant,” glutathione plays a
crucial role in detoxification and maintaining cellular redox balance.
Diabetic patients often present with depleted glutathione levels.

4. Polyphenols: Found in green tea, grapes, and berries, these
compounds have dual effects — direct antioxidant activity and
enhancement of insulin sensitivity. Resveratrol, a well-studied
polyphenol, has demonstrated protective effects against mitochondrial
dysfunction.

5. Alpha-lipoic acid (ALA): Unique in being both water- and fat-soluble,
ALA 1improves mitochondrial energy metabolism while reducing
oxidative stress. It has been clinically used to alleviate diabetic
neuropathy.

Pharmacological Advances
Beyond dietary supplements, pharmacological approaches are
being developed to enhance antioxidant defense:

« Synthetic antioxidants such as N-acetylcysteine (NAC) increase
intracellular glutathione levels.

* Mitochondria-targeted antioxidants like MitoQ are designed to
specifically reduce ROS at the source of their production.
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* Enzyme mimetics attempt to replicate the activity of SOD or catalase,
thereby reducing oxidative stress in diabetic tissues.

Discussion:While antioxidant therapy holds great promise,
several limitations must be acknowledged. First, clinical trials have
produced mixed results, with some showing significant benefits while
others report minimal effects. This variability may be attributed to
differences in dosage, duration, bioavailability, and patient populations.
Second, excessive antioxidant supplementation may paradoxically
disrupt normal redox signaling, leading to unintended side effects. Thus,
determining the optimal dose and treatment duration remains a critical
challenge.

Nonetheless, combining antioxidants with standard antidiabetic
therapies — including metformin, insulin sensitizers, and lifestyle
interventions — may provide synergistic benefits. Metformin itself has
mild antioxidant properties, which may explain its long-term protective
effects beyond glucose control.

Conclusion:Oxidative stress is now recognized as a fundamental
contributor to the pathogenesis and complications of type 2 diabetes. The
overproduction of ROS disrupts normal cellular function, accelerates
insulin resistance, and damages critical biomolecules. Antioxidants, both
dietary and pharmacological, provide a promising avenue for mitigating
these effects.

Future research must focus on refining antioxidant-based therapies
through well-designed clinical trials, with particular attention to optimal
dosing, bioavailability, and long-term safety. Ultimately, incorporating
antioxidants into a holistic management plan may help reduce the
burden of T2DM and improve patient outcomes worlydwide.
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