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glucose. In the human body, iron is con-

sidered to be an effective pro-oxidant and participates in the generation of reactive oxygen
species (ROS) such as hydroxyl radical. Because of the poor antioxidant defense mechanism
of beta cells (low production of antioxidant enzymes such as catalase, glutathione peroxidase
and dismutase), so they are highly prone to iron-induced oxidative stress and iron deposition
in it and this will lead to apoptosis, and subsequently insulin deficiency. This iron deposition
in beta cells will also lead to insulin resistance by reducing insulin extracting ability of the
liver and inhibiting glucose uptake in muscle tissues and fats, this in turn will result in high
production of hepatic glucose. Ferritin which is an acute phase reactant protein, that responds
to acute stress like trauma, infections, tissue necrosis and surgery, it can produce diabetes
mellitus either through inflammation or by increasing iron stores.
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Definition of diabetes mellitus:

Diabetes mellitus can be defined as chronic
metabolic disease which results from either
relative or complete absence of insulin by
the pancreatic beta islet cells. This in-turn
may lead to hyperglycemia due to
disturbances in the metabolism of glucose
(11 This may happen either when not
enough insulin is produced or when there
Is insulin resistance by the tissues. It was
found that about 8.3% of population
worldwide had diabetes within the age
between 20-70 years in 2013 and 10.1% in
2035 [21,

There are two main types of diabetes
mellitus:

Type 1 DM:

Type 1 diabetes is a chronic disorder
which is caused by autoimmune
destruction of pancreatic beta cells that is
thought to be mediated by T-cells [l
Children and adolescents are the most
common age groups that prone to type 1
DM [, The pro-inflammatory cytokines
which are released by the immune cells
cause beta- cell destruction and death by
reactive oxidative species (ROS) formation
within the cells © €1, As a result, oxidative
damage and beta-cell death may occur [>71

Type 2 DM:

It is considered a chronic disease that
mostly affects elderly and to a lesser extent
children and adolescents . High blood
glucose may lead to several complications
like retinopathy, stroke, cardiovascular
diseases, amputation of extremities,
neuropathy and nephropathy. Type 2 DM
may affect about 90 to 95% of the patients
1 It is mainly characterized by insulin
resistance (1%, Besides, the levels of trace
elements such as copper, manganese, iron
and zinc may be altered by type 2 DM [,

Iron and diabetes mellitus:
Iron role in the body cells:
Iron is considered to be an essential
microelement in human body. It plays a
crucial role in the metabolic functions in
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the body either in oxygen transporting or
as a cofactor for several enzymes 2. It
serves as potent toxicant (increases
oxidative stress and cancer risk at high
levels mainly colon cancer) 41 and
essential nutrient to the cells (regulating
the metabolism of tissues especially
adipocytes and in intracellular signal
transduction) 2. Iron has an important
function in several biochemical pathways
in the body such as gene regulation,
electron transfer reactions, regulation of
cell growth, and differentiation, oxygen
transport and binding by the formation of
heme- and iron-containing proteins, and in
immune system function 38, The adult
reference value of iron is about 60-
170 pg/dL 9. In addition, iron also plays
an essential role in neurotransmitter
generation and release %), DNA synthesis

(211 "and steroid hormones and collagen 2>
23]

Iron and blood glucose:

Hepcidin is a peptide which consists of 25
amino acids that is found in urine, plasma
and liver of human body in addition to its
pancreatic source where it is stored in and
released from the insulin granules with
beta-cells are the main extrahepatic source
of it [42  Therefore, blood iron
concentration may be regulated to some
extent by the blood glucose in that when
insulin secretion is increased, hepcidin will
be released thus decreasing iron release to
the blood. Besides, beta cells also contain
ferroportin on its membrane 226 Beta
cells have an intracellular iron
accumulation and ROS formation due to
autocrine inhibition of iron efflux as a
result of this insulin/hepcidin release, this
may explain the association between
overweight and diabetes 21,

The mechanism by which iron may
produce diabetes mellitus:

In the human body, iron is considered to be
an effective pro-oxidant and participates in
the generation of reactive oxygen species
(ROS) such as hydroxyl radical. Because
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of the poor antioxidant defense mechanism
of beta cells (low production of antioxidant
enzymes such as catalase, glutathione
peroxidase and dismutase), so they are
highly prone to iron-induced oxidative
stress and iron deposition in it and this will
lead to apoptosis, and subsequently insulin
deficiency. This iron deposition in beta
cells will also lead to insulin resistance by
reducing insulin extracting ability of the
liver and inhibiting glucose uptake in
muscle tissues and fats, this in turn will
result in high production of hepatic
glucose. The main cause of elevated iron
stores in producing insulin resistance is
well detected by the evidence that donation
of blood will improve insulin sensitivity by
decreasing iron stores 283U In addition,
high intake of iron in the diet may lead to
its accumulation in body organs like liver,
skin, heart and pancreas resulting in
diabetes mellitus in hemochromatosis
patients [%°],

Ferritin:

Ferritin is a widely distributed protein that
presents in almost all cells in the body
which gives an idea of how much iron is
stored in the tissues. In diabetic patients,
the plasma ferritin levels are higher than its
levels in  non-diabetic  individuals
(reference level in males 30-300 ng/ml and
15-200 ng/ml in female [2). It is also
associated with the incidence of metabolic
syndrome. Besides, its measurement gives
an indication of insulin resistance together
with other markers like insulin and high
glucose levels 2. There is a significant
statistical correlation between type 2 DM
and ferritin levels according to some
epidemiological studies 133 34}

Ferritin is an acute phase reactant protein,
which responds to acute stress like trauma,
infections, tissue necrosis and surgery 91,
Besides, it is also considered a globular
protein which stores iron in non-toxic
soluble form, its level in blood is
associated  with  hyperglycemia and
lowered with decreased blood glucose
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level. In case of oxidative stress, Fe?*
(ferrous ion) enters to cells and is
converted to Fe®* (ferric ion) which in turn
links to ferritin and protects the cells from
oxidative  stress.  However, insulin
resistance and pancreatic  beta-cells
dysfunction can result from high ferritin
and iron concentrations inside the cells.
Increased serum ferritin level may occur as
a result of insulin resistance induced-
Hyperinsulinemia. It has been thought that
iron metabolism disorders may lead to
hyperinsulinemia,  insulin  resistance,
hypertension, dyslipidemia, and central
obesity [361,

Finally, it can be said that ferritin can
produce diabetes mellitus either through

inflammation or by increasing iron stores
[42]

Disorder of iron metabolism:

Excessive accumulation of iron in the
tissues may occur by genetic diseases of
iron overload like hereditary
hemochromatosis which may contribute to
diabetes [?1. The relationship between type
2 DM and moderately increased iron level,
which is less higher than that of genetic
diseases of iron overload, have been
studied B4 . In hemochromatosis patients,
the main clinical features of iron overload
are impaired glucose metabolism and
diabetes mellitus 21,

Tumorigenesis and even cancer may result
from iron metabolism disorders
particularly excessive gain and retention of
iron 3839 However, tumor death can be
induced by the oxidative stress which
results from high intracellular iron
concentration. Together with reactive
oxygen species (ROS), iron plays an
important role in ferroptosis (regulated cell
death)  which  depends on lipid
peroxidation. As a part of iron metabolism
disorders, iron deficiency may occur when
the availability of iron is inadequate to
meet the body's need and may lead to
anemia 101,
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