%, 1JRP.ORG

of Research Publicat
ISSN: 2708-3578 (Online)

136

Free radicals: definition, causes, their role in diabetes
and treatment

Shimaa Mohammed EL Shafei ,Iman Ahmed Mohammed

Shimaa.2020528 @stemmenof.moe.edu.eg
eman.2020506 @stemmenof.moe.edu.eg
Student at Menofia STEM school, EL bajour, Menofia ,32821,Egypt
Student at Menofia STEM school, First of October, Giza, 12573, Egypt

Abstract

This research aims to mention how free radicals play a vital role in our body and gradually cause
diabetes mellitus. According to studies, free radicals and oxidative stress play an essential role in the
development of type land type 2 Diabetes. The human body is affected with diabetic Mellitus through
beta-cell damage that may be the result of oxidative stress. As free radicals are highly reactive
molecules including reactive oxygen species (ROS) and reactive nitrogen species (RNS). They disrupt
the function of lipid, protein, DNA and the imbalance between them and antioxidants causes oxidative
stress. Increased levels of oxidative stress in our body tissue and blood is considered to play a critical
role in diabetes mellitus.

Key words: free radicals; oxidative stress; antioxidant; reactive oxygen species (ROS); reactive nitrogen species; (RNS) diabetes
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Introduction

Free radicals are molecules or molecular fragments containing a single unpaired electron. Free radicals are derived
either from normal essential metabolic processes in the human body or from external sources. They play a dual role
in the human body as both toxic and beneficial compounds since they can be either harmful or helpful to the body.
There are many types of free radicals in humans. The most significant are oxygen free radicals (reactive oxygen
species) and nitrogen free radicals (reactive nitrogen species).There must be a balance between free radical radicals
and antioxidants to protect our body cells against FR and prevent oxidative stress. Antioxidants are known as free
radical scavengers. They are chemicals that interact with and neutralize free radicals. One of the main consequences
of oxidative stress is genomic instability (DNA damage), which includes base modifications and strand
breaks.Oxidatively induced DNA damage is repaired in living cells by different pathways. Unrepaired and
accumulated DNA lesions may lead to disease processes such as diabetes.

(1.0) Free radicals definition

Free radicals are known as atoms or molecules containing one or more unpaired electrons in a valence
shell. They are highly reactive because they have free electrons. The odd number of electron(s) of a free
radical makes it unstable, short-lived, and highly reactive. Because of their high reactivity, they can
abstract electrons from other compounds to attain stability. Thus the attacked molecule loses its electron
and becomes a free radical itself, beginning a chain reaction cascade that finally damages the living cell.
It's believed that approximately 10000-20000 free radicals are invading most of the cells every day.
Endogenous sources such as (Mitochondria transport chain leakage) and exogenous sources such as
(Drugs, pollution, and radiation) cause free radical-induced DNA damage in living organisms by
different mechanisms.

Many of these radicals are beneficial because they work for immune cells responsible for killing
bacterial cells and toning smooth muscles. They regulate the normal working of blood vessels and
internal organs.
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Although FRs can help fight off pathogens

that lead to infections, they also react with DA MagR L
biomolecules, including DNA and protein. It ’.E.‘

causes DNA damage as shown in figure (1.0), freeRadical  e-s

and this damage is called oxidative damage. g pat

Free radicals are associated with human + @ '+ =,

diseases, including diabetes and many others. = =

Figure (1.0)

(2.0) Most common types of free radicals
Reactive oxygen species (Ros)
There are many types of radicals, but those of most concern in biological systems are derived from
oxygen and known collectively as reactive oxygen species.
Oxygen has a unique molecular structure and is abundant within cells. Atomic oxygen has two unpaired
electrons in separate orbits in its outer electron shell so that it readily accepts free electrons generated by
normal oxidative metabolism within the cell. The electron structure makes oxygen susceptible to radical
formation. The sequential reduction of oxygen through the addition of electrons leads to the formation
of many ROS such as superoxide, hydrogen peroxide, hydroxyl radical.
Most reactive oxygen species can generate as by-products during the mitochondrial electron transport
chain (ETC) or from the normal oxidation-reduction process in the body. Oxidative reactions in our
bodies usually ensure that molecular oxygen is reduced completely to water. In Normal, four electrons
are transferred to molecular oxygen so that it is completely reduced to a water molecule. But the
incomplete reduction of oxygen leads to the production of specific reactive oxygen species by single
electron additions (e-) such as superoxide anion, hydrogen peroxide, and hydroxyl radical as shown in
figure (2.0).

(a)Superoxide radicals are produced when a single Complete O, Reduction

electron is transferred to oxygen, and it is the least

powerful Ros.

b)Hydrogen peroxide radical is the two-electron e e e e
Eec)juc):/tiongprodl?ct of oxygen. 0, = "0;" 25> H,0, —— ‘OH +OH 5 2H,0
(c)Hydroxyl radical is the three electron reduction Superoxide  Hydrogen Hydroxyl

product of oxygen, and it is the most powerful oxygen- e L o

free radical (ROS). Incomplete O, Reduction

Figure (2.0)
ROS can be formed by cellular respiration, by lipoxygenases (LOX) and
cyclooxygenases (COX) during the arachidonic acid metabolism, and by endothelial and inflammatory
cells.
They are produced by other pathways as well, including the respiratory burst taking place in activated
phagocytes, ionizing radiation’s damaging effect on components of cell membranes.
ROS are beneficial to cells, supporting basic cellular processes and viability. Maintaining a basal level
of ROS in cells is essential for life. However, they also damage lipids, DNA, RNA, and proteins, which,
in theory, contribute to the physiology of aging and many diseases like diabetes.
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Reactive nitrogen species (RNS)

(RNS) are various nitric oxide—derived compounds, including nitroxyl anion, nitrosonium cation, higher
oxides of nitrogen, S-nitrosothiols, and dinitrosyl iron complexes.

Reactive nitrogen species (RNS) are a subset of free oxygen radicals called reactive oxygen species
(ROS). Reactive oxygen species (ROS) and reactive nitrogen species (RNS) targeting mitochondria are
major causative factors in disease pathogenesis .

RNS have been recognized as playing an important role in the physiologic regulation of many such as
smooth muscle cells, cardiomyocytes, platelets, and nervous and juxtaglomerular cells .

However, they can causes damage to the cell and causes many diseases. Usually, these species are
removed rapidly before they cause cell dysfunction and death.

(3.0) Diabetes mechanism
Diabetes mellitus (DM), commonly known as diabetes, is a metabolic disease that causes high blood
sugar levels over a prolonged period. With type 1 diabetes, the body does not make insulin. With type 2
diabetes, the more common type, the body does not make or use insulin well. The hormone insulin moves
sugar from the blood into body cells to be stored or used for energy. Without enough insulin, the glucose
stays in the blood and causes diabetes. Gestational diabetes mellitus (GDM) is the third main form and
occurs when pregnhant women without a previous history of diabetes develop a high blood glucose level.

(3.1) there are many reasons which lead to diabetes and its types:

Type | diabetes also known as autoimmune diabetes is a chronic disease characterized by insulin
deficiency due to pancreatic B-cell loss and leads to hyperglycemia.it occurs when the body’s immune
system destroys the cells in the pancreas that produce insulin. And after researching, we also think type
1 diabetes is caused by free radicals, genes, and environmental factors. Type | diabetes is usually
diagnosed in children and young people, so it used to be called juvenile diabetes.

Type 11 diabetes occurs when the body either does not produce enough insulin or specific cells are not
responding to insulin (insulin resistance). Also, Type 2 diabetes, the most common form of diabetes, is
caused by several factors, including lifestyle factors and genes. Free radical also has a pivotal role in
causing diabetes type 2. Type 2 diabetes also used to be known as adult-onset diabetes, but the increase
in the number of children with obesity has led to more cases of type 2 diabetes in younger people.

And finally, gestational diabetes mellitus (GDM) starts when the mother's body is not able to make and
use all the insulin it needs for pregnancy. Women who are overweight or obese may already have insulin
resistance when they become pregnant. .it resembles type 2 diabetes in several respects, involving a
combination of relatively inadequate insulin secretion and responsiveness.

The high blood sugar produces the symptoms of frequent urination, increased thirst, and increased
hunger, weight loss, and fatigue .

Untreated diabetes can cause many complications. Acute complications include diabetic ketoacidosis
and nonketotic hyperosmolar coma. Serious long-term complications include heart disease, stroke,
kidney failure, foot ulcers, and damage to the eyes (blindness).

Glucose tests can detect diabetes in very early stages before symptoms appear.

4. Diabetes and oxidative stress
Diabetes eventually affects the function of most, if not all, tissues in the body. Thus, it is reasonable to
consider a basic mechanism, such as oxidative stress, as a possible common cause of the diverse
complications of diabetes.

However, oxidative stress has a primary role in the pathogenesis of diabetes whether it is a secondary

indicator of end-stage tissue damage in diabetes. The increase in glycoxidation and lipoxidation products
in plasma and tissue proteins suggests that oxidative stress is increased in diabetes defenses.
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Increasing evidence in both experimental and clinical studies
suggests that there is a close link between hyperglycemia,
oxidative stress, and diabetic complications. Oxidative stress is
a phenomenon caused by an imbalance between the production
and accumulation of oxygen reactive species (ROS) in cells and
tissues and the ability of a biological system to detoxify these
reactive products.

As shown in figure (3.0) Oxidative stress and oxidative damage ) The ke patcals More severe oxidative

. . . R . . Normal cell that damage all components stress can cause cell death
to tissues are common endpoints of chronic diseases including {apoplosis or necrosis)
diabetes. Figure (3.0)

So, there must be a balance between free radical radicals and antioxidants to protect our body cells against
FR. But when there is an imbalance between these two, oxidative stress occurs. From all of that, we see
that the antioxidant can be the reason to cure oxidative stress and many diseases diabetes.

5. Antioxidant and free radical scavengers

Antioxidants are substances that can prevent or slow damage to
cells caused by free radicals. They act as radical scavengers and
helps in converting the radicals to less reactive species.
Antioxidants neutralize free radicals by giving up some of their
electrons as shown in figure (4.0). In making this sacrifice, they act
as a natural "off" switch for the free radicals. That helps break a
chain reaction that can affect other molecules in the cell and other 5 vioco s Fiae iatlleal Healthy cell

cells in the body. Figure (4.0)

As free radical scavengers (FRS) either prevent reactive oxygen species from being formed or remove
them before they can damage vital components of the cell so they are known as preventive and chain-
breaking antioxidants.

(5.1) Endogenous anti-oxidants (non enzymatic)

Several studies have addressed the possible participation of dietary antioxidants, such as vitamins C and
E, selenium, Beta carotene, other carotenoids, and oxycarotenoids, e.g., lycopene and luteinare in
ameliorating the diabetic state and retarding the development of diabetes complications. A variety of
antioxidants is found in fruit, vegetables, and many other resources.

(5.2) Endogenous antioxidants (enzymatic)

Endogenous antioxidants are enzymes made by our body. They can be categorized into primary
antioxidants and secondary antioxidants

The first group is primary antioxidants, they so-called chain-breaking antioxidants. They can react
directly with free radicals by transforming them into more stable, non-radical products. Hence, primary
antioxidants play an important role in lipid oxidation because they can react with the formed lipid radicals
and convert them into non-radicals and thereby hinder further decomposition of the lipids.

They include superoxide dismutase (SOD), peroxidase, and catalase i.e. enzymatic mechanism of
inactivation of ODFR (oxygen-derived free Radicals).

As shown in figure (5.0) , Superoxide dismutase NAD*
(SOD) catalyzed dismutation (partitioning) of 2
molecules of superoxide anion O2. Producing Superoxide

hydrogen peroxide. . A H Dismutase
Peroxides produced by (SOD) are also toxic. So [02] +[02] + 2 -0, +H;0;

they are detoxified by conversion to water via the 2 H,0 + 0,
enzyme peroxidase. Catalase

Catalase is a heme-containing enzyme that H20;
catalyses the dismutation of hydrogen peroxide into water and oxygen.

NADH. 2 1,0

Figure (5.0)
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The second group is secondary, or preventive, antioxidants that work indirectly on limiting lipid
oxidation. Several mechanisms including the chelation of transition metals, singlet-oxygen quenching
(in photo-oxidation), and oxygen scavenging can be exhibited by these secondary antioxidants.
Furthermore, some secondary antioxidants can work synergistically by regenerating primary antioxidants
and thereby restore the antioxidant activity of primary antioxidants to ensure their continuous antioxidant
activity.

They include ascorbic acid Glutathione reductase, glucose-6-phosphate dehydrogenase, glutathione-s-
transferase, and ubiquinone.

Reduced Glutathione
(2 GSH)

Hydrogen

NADP* peroxide
2
Glutathione reductase Glutathione peroxidase
Riboflavin
(FAD)
NADPH+H*
(GSSG)
Oxidized Glutathione
Figure (6.0)

Figure (6.0): The Glutathione Redox Cycle. Reduced Glutathione (GSH) reduces oxidants with the aid
of selenium-containing glutathione peroxidase (GPx), forming oxidized glutathione (GSSG) in the
process. Glutathione reductase converts GSSH back to GSH to complete the cycle, which is repeated as
needed. An alternative pathway for reducing GSSH utilizes thioredoxin reductase along with
thioredoxin (Trx) and NADPH to reduce the disulfide bonds.

Conclusion

As we mentioned that FR species which can lead to cause oxidative stress react with biomolecules in
cells, including DNA and causes damage to it. The resulting damage to DNA, which is also called
oxidative damage, leads to many diseases because DNA damage causes chemical modification of
amino acids in proteins. Then, these proteins are recognized as non-self by the immune system so the
immune system will produce anti-bodies to damage these proteins in different cells and this is called
autoimmune disease.

In the same way, that is what happens in the beta-cell which makes insulin. The immune system attacks
this cell due to the lack of identifying it by the body, and there is no doubt that oxidative stress has a
central role in this happening. From all of that, there must be a balance between FRS and antioxidants
to protect the body and its DNA from damage caused by free radicals and oxidative stress.
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