Iron (Fe)
• Forms of iron
o Heme iron (ferrous iron): Fe2 +, haemoglobin and myoglobin in animal flesh
§ We absorb F2+ no Fe3+
o Non-heme iron (ferric iron): Fe3 +, iron found in plant foods, grains, supplements
(usually, but can also come as ferrous)
§ It has to be converted to F2+ to be absorbed
o Iron cookware can also contribute to iron intake
o Difference in bioavailability:
§ Fe2+ for absorption, Fe3+ for transport
§ Plants sources contain factors interfering with iron absorption, even in iron
enriched products:
• Phytic acid, oxalic acid, polyphenols, fiber
• But: meat, fish and ascorbic acid enhance non-heme iron absorption
when consumed together
o E.g. if you eat meat with spinach on the side, the meat will
enhance the absorption of the iron in the spinach.
• Absorption
o In small intestine, mediated by carrier proteins
(DMT-1 or HCP-1)
§ F2+ (non heme iron) enter into the
enterocyte by DMT-1
§ Heme iron enters the enterocyte through
HCP-1
o Efficiency depends on body’s iron status (average
18%; range 14 - 40%)
o HCl in stomach and vitamin C enhance absorption
by conversion to Fe2+ form
o Ferrireductase in the brush-border converts Fe3+
to Fe2+
o Hepcidin from the liver: regulates iron absorption
from GIT
o Excessive intake of calcium, zinc, phosphorus, manganese may chelate iron and
interfere with absorption
§ Chelation means that the element is surrounded so it can’t be active, it can’t
and to any receptor and will be promoted to be excreted.

o

Carrier proteins
§ Ferritin: binds and stores iron in enterocytes (and other tissues)
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Prevent the movement out of control into the bloodstream of iron
(prevent rusting from the inside).
• Iron does not enter bloodstream if body’s
iron stores are high
• Ferritin prevents excess absorption =
“mucosal block”
o Blocking the iron inside the
enterocyte and preventing it for
putting out of control into the blood.
o The amount of mucosa ferritin
produced is in proportion to body
iron stores (Low iron stores à little
ferritin made à  iron in mucosal
iron pool)
Ferroportin: transports iron out of enterocytes when
supplies are low for release into the blood
• Fe2+ is transformed to Fe3+ because it is carried in the blood in that
form. (Protein transferrin)
• Each transferrin molecule can bind 2 molecules of ferric iron for
transport through the blood to body cells.

Transport
o Ferroxidase enzymes:
§ Hephaestin in enterocytes and ceruloplasmin in the blood (both copperdependent metalloenzymes enzymes) convert Fe2+ to Fe3+
o Transported as Fe3+ bound to transferrin
o In tissues cells: uptake by endocytosis; lysosomes release the iron and transferrin is
recycled
Storage
o In the liver, bone marrow, spleen, bound to ferritin or hemosiderin
Excretion
o Only 10% excreted, via bile and feaces; 90% is recycled
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Functions of iron
o Haemoglobin: transport of O2 and CO2
§ 4 x Fe-containing heme bind 1 oxygen each
§ Iron carries oxygen in the blood from the lungs to all tissues of the body.
§ It also transports carbon dioxide back to the lungs for expiration.
o Myoglobin: transport of O2
§ 1 x Fe-containing heme: binds 1 oxygen; takes oxygen from RBC’s to muscle
and heart cells
§ Myoglobin is a protein in muscle cells.
§ Each myoglobin contains 1 iron molecule (attached to heme) that transports
oxygen from red blood cells to skeletal and heart muscle cells.
o Oxidation – reduction reactions. Can be harmful in too high amount, as iron forms
free radical compounds
§ Increase oxidative stress in high amounts.
§ Very little free iron is found in the body to prevent these destructive effects.
o Immune system: required for lymphocytes and natural killer cells production
§ Increases immune defence
§ The immune system requires iron for the production of lymphocyte and
natural killer (NK) cells that help prevent infections
• If iron status is low, the effectiveness of these cells is impaired, and
the likelihood of infections increases.
• Iron overload also increase incidence of infections because bacteria
require iron to grow and proliferate.
o Part of iron-containing metalloenzymes. Examples?
§ Catalase (alcohol metabolism or antioxidant enzyme)
§ Hydroxylase enzymes
o Energy metabolism: involved in the first step of the CAC and part of cytochromes in
the electron transport chain
§ Within the mitochondria, iron is a component of cytochromes that carry
electrons from NADH + H+ and FADH2 to molecular oxygen in the electron
transport chain.
§ Iron also is required in the first step of the citric acid cycle for the conversion
of citrate to subsequent compounds.
o Alcohol and drug metabolism: catalase and hepatic cytochrome p450 detoxification
system requires iron
§ Alcohol and many drugs are metabolized in the liver by the iron-containing
P-450 enzymes prior to excretion.
o Cofactor in enzymes involved in making neurotransmitters (dopamine, epinephrine,
norepinephrine, serotonin)
§ These are important for normal early cognitive development and lifelong
brain function.
§ Sign of deficiency is depression
Iron requirements
o RDI
§ Men = 8mg
§ Women
• 18mg (mean menstrual loss = ~ 0.5 mg/day)
• 27mg in pregnancy
• 8mg after menopause
o Upper level = 45mg
o A typical omnivorous Westernized diet contains ~ 6 mg of iron per1000 Cal

•

Iron in health and disease
o Deficiency
§ Most common minor mineral deficiency worldwide
§ Symptoms may be few or minimal initially, as ferritin stores are used to
supply function
• Early iron deficiency: symptoms are not necessarily things that you
can feel. If the receptors on the cell for the transferring are
overexpressed, that indicates that the cell is lacking iron because
tries to catch all the transferring that they can.
§ Gradually develops to iron deficiency anaemia:
• This impairs oxygen transport in the blood, causing fatigue and a
decreased ability to perform normal tasks.
• decreased haemoglobin production, shortness of breath, fatigue
when performing normal tasks, immune function compromised,
depression
§ If during growth and development: impaired cognitive development in the
child; may be irreversible
§ Diagnosis:
• RBC’s examined under microscope: microcytic-hypochromic
anaemia
o In iron deficiency anaemia, the red blood cells are smaller
than normal (called microcytic) and paler (called
hypochromic)
o Photo: iron deficiency anaemia (b) microcytic and
hypochromic anaemia, compared to normal red blood cells
(a).
• Decreased hematocrit: % blood volume containing RBC’s
• Decreased haemoglobin and serum ferritin levels
• Transferrin receptors number increased
o Experts recommend using transferrin receptor number to
assess iron status because it reflects cellular iron need and is
unaffected by the factors that limit the use of other iron
biomarkers.
• Spoon shapes nails
§ At risk: premature infants, children, women in child bearing age, vegetarians
& vegans not supplementing with iron, regular blood donors, gastric
ulceration
• Premature infants: Iron stores needed for the first few months of
life accumulate during the last weeks of pregnancy. Thus, these
infants are born with low stores, which can be depleted quickly by
their high iron needs.
• Young children: they are growing fast and typically have low intakes
of iron-rich meat and high intakes of iron-poor cow’s milk.
• Teenage girls and women: monthly menstrual blood losses and low
intake of iron-rich foods.
• Vegetarians and vegans: their diets contain many factors that
decrease the bioavailability of this iron.
o Include vitamin C- rich food in their diets and consider using
iron-fortified foods as well as multivitamin-mineral
supplements that contain iron.

o

Toxicity
§ Nausea, vomiting, stomach irritation, impaired absorption of other minerals
§ Children are more vulnerable to iron poisoning than adults because their
absorptive mechanisms cannot respond as rapidly as those of an adult.
• The primary cause of iron overload in children is the consumption of
excess chewable iron-containing supplements.
§ In adults: Hemochromatosis:
• Genetic disorder where “mucosal block” (ferritin storage) does not
function adequately
o Ferritin and Ferroportin
o Due to a deficiency of hepcidin, which prevents the normal
degradation of the transport protein ferroportin, higher
than normal amounts of iron are absorbed and transported
across the enterocyte for binding to transferrin and
distribution to tissues.
§ Ferroportin not modulated; despite high iron level: more is exported into
the blood and taken to tissues
§ Iron deposits and overload in liver, heart
• Because the body lacks a mechanism for eliminating this excess iron,
iron accumulates in the body, leading to iron overload and tissue
injury.
o This causes saturation of iron-binding proteins and, over
time, results in iron deposits in the liver, heart, and other
organs.
o Left untreated, this eventually can lead to liver disease and
heart failure
§ If not managed, leads to liver disease, heart failure, increased oxidative
stress
§ Management includes: regular bloodletting, dietary advice to reduce high
iron containing foods, chelation therapy (when a
metal ion is chelated it cannot bind to receptors
and have an action, certain chelation agent can
promote excretion, taking the metal out of the
body)
• For individuals using excess supplemental iron, supplement use
should be stopped.
• In hemochromatosis, threatment consists of periodic blood removal.
• Administer a chelator drug that binds iron and increases its
excretion

o

Could also bind other trace minerals, causing possible
secondary deficiencies.

