Hemoglobin
Hemoglobin is a protein-based component of red blood cells whose
primary role is to transfer the oxygen from the lungs to the rest of the
body. Hemoglobin is actually the reason why red blood cells appear red,
although oxygen-rich blood is noticeably brighter than the depleted
carbon dioxide carrying blood returning to the heart and lungs. Fresh
hemoglobin is produced in the bone marrow as needed.
Hemoglobin is made up of four protein molecules (globulin chains) that
are connected together. The normal adult hemoglobin (Hbg) molecule
contains 2 alpha-globulin chains and 2 beta-globulin chains. In fetuses
and infants, there are only a few beta chains and the hemoglobin
molecule is made up of 2 alpha chains and 2 gamma chains. As the
infant grows, the gamma chains are gradually replaced by beta chains.
Each globulin chain contains an important central structure called the
heme molecule. Embedded within the heme molecule is iron that
transports the oxygen and carbon dioxide in our blood. The iron
contained in hemoglobin is also responsible for the red color of blood.
It is proven that each individual protein chain arranges in a set of alphahelix structural segments connected together in a specific arrangement
called myoglobin fold. This folding pattern contains a pocket which is
perfectly suitable to strongly bind the heme group.
A heme group consists of an iron atom (Fe) held in a heterocyclic ring,
known as a porphyrin. This iron atom is the exact site of oxygen
binding. An iron atom bonds with four nitrogens in the center of the
ring and two additional bonds perpendicular to the plane on each side
can be formed with the iron to form the fifth and sixth positions, one
connected strongly to the protein, the other available for binding with
oxygen.
Hemoglobin also plays an important role in maintaining the shape of the
red blood cells. Abnormal hemoglobin structure can, therefore, disrupt
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the shape of red blood cells and impede its function and its flow
through blood vessels.
The production of red blood cells and their principal component—
hemoglobin—is a complex process, one that can be adversely affected
by many congenital and acquired conditions.
The creation of hemoglobin
Like all proteins, the exact copy or blueprint for hemoglobin exists in
DNA and normally, every individual has four genes that code for the
alpha protein, or alpha chain.
Two other genes code for the beta chain. The alpha chain and the beta
chain are made in precisely equal amounts, despite the differing number
of genes. The protein chains join in developing red blood cells, and
remain together for the life of the red cell. The fact is that essentially,
hemoglobin develops a hunger for oxygen molecules.
• Heme synthesis
Heme is synthesized in a complex series of steps involving enzymes in
the mitochondrion and in the cytosol which are two organelles of the
cell. First one is a molecule called 5-aminolevulic acid (ALA) which is
being transported to the cytosol where a series of reactions produce a
ring structure called coproporphyrinogen III and then it returns to the
mitochondrion where an addition reaction produces protoporhyrin IX.
The enzyme ferrochelatase inserts iron into the ring structure of
protoporhyrin IX to produce heme.
• Globin synthesis
Two globin chains combine to form hemoglobin. One of the chains is
designated alpha and the second chain is called ‘non-alpha’. This is
because there are a number of variables which influence the nature of
the non-alpha chain in the hemoglobin molecule.
The fetus has a distinct non-alpha chain called gamma.
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• After birth, a different non-alpha globin chain, called beta,
pairs with the alpha chain.
• The combination of two alpha chains and two non-alpha
chains produces a complete hemoglobin molecule.
Physiology of blood and hemoglobin circulation
Whenever the blood is carried into the lungs, these hemoglobin proteins
attract whatever oxygen is available and this oxygenated blood then
travels throughout the entire bloodstream, releasing oxygen into the
various muscles and organs all around the body. When these red blood
cells are being spent, they are being transferred to the gastrointestinal
system for disposal and new red blood cells with hemoglobin take their
place in the bloodstream.
The red colour in blood is not due to the iron in hemoglobin and its
oxides, which is a common misconception. The red is due to the
porphyrin moiety of hemoglobin to which the iron is bound, not the
iron itself, although the ligation and redox state of the iron can influence
the pi to pi* electronic transitions of the porphyrin and hence its optical
characteristics
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Hemoglobin is usually measured as a part of the complete blood count
(CBC) from a blood sample.
Several methods exist for measuring hemoglobin, most of which are
done currently by automated machines designed to perform several
different tests on blood. Within the machine, the red blood cells are
broken down to get the hemoglobin into a solution. The free
hemoglobin is exposed to chemical containing cyanide which binds
tightly with the hemoglobin molecule to form cyanmethemoglobin. By
shining a light through the solution and measuring how much light is
absorbed (specifically at a wavelength of 540 nanometers), the amount
of hemoglobin can be determined.
The hemoglobin level is expressed as the amount of hemoglobin in
grams (gm) per deciliter (dl) of whole blood, a deciliter being 100
milliliters.
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The normal ranges for hemoglobin depend on the age and, beginning in
adolescence, the gender of the person. The normal ranges are:
•

Newborns: 17-22 gm/dl

•

One (1) week of age: 15-20 gm/dl

•

One (1) month of age: 11-15gm/dl

•

Children: 11-13 gm/dl

•

Adult males: 14-18 gm/dl

•

Adult women: 12-16 gm/dl

•

Men after middle age: 12.4-14.9 gm/dl

•

Women after middle age: 11.7-13.8 gm/dl

All of these values may vary slightly between laboratories. Some
laboratories do not differentiate between adult and ‘after middle age’
hemoglobin values.
Low hemoglobin level
Anemia is the consequence of either less-than-optimal production of red
blood cells or hemoglobin, or increased destruction or shortened life
span of red blood cells. In addition to poor intakes of bioavailable iron,
which is a common problem in developing countries and is related to
low intakes of heme iron from animal sources, hookworm infection is
prevalent in many tropical areas. Hookworm causes upper
gastrointestinal blood loss, which contributes directly to iron deficiency
anemia. Malaria is also another cause in tropical regions.
The coexistence of multiple causes of anemia within the same individual
or population makes it difficult to define anemia by using conventional
biochemical markers, especially when infections are involved.
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Moreover, if multiple deficiencies contribute to the severity of anemia,
supplementation with iron alone may not achieve adequate hemoglobin
response.
When multiple factors contribute to the severity of anemia, iron
deficiency is always a major factor (evidence of deficiency). In such
settings, improving iron nutrition is a necessary—but not a sufficient—
measure for the reduction of anemia.
Lower-than-normal hemoglobin may indicate:
• anemia (various types)
• erythropoietin deficiency (from kidney disease)
• red blood cell destruction associated with transfusion reaction
• bleeding; loss of blood could be due to traumatic injury, surgery,
bleeding colon cancer or stomach ulcer.
• Lead poisoning
• malnutrition
• bone marrow problems (replacement of bone marrow by cancer,
• suppression by chemotherapy drugs,
• kidney failure,
• Abnormal hemoglobin (sickle cell anemia)
• nutritional deficiencies of iron, folate, vitamin B-12, vitamin B-6
• over hydration
• Abnormal hemoglobin (sickle cell anemia)
Low hemoglobin is referred to as anemia. There are many reasons for
anemia. Some of the more common reasons are:
•
•
•
•

loss of blood (traumatic injury, surgery, bleeding colon cancer),
nutritional deficiency (iron, vitamin B12, folate),
bone marrow problems (replacement of bone marrow by cancer,
suppression by chemotherapy drugs, kidney failure)
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• Crohn’s disease
• `abnormal hemoglobin (sickle cell anemia)

High hemoglobin level
Higher than normal hemoglobin levels can be seen in people living at
high altitudes and in people who smoke. Dehydration produces falsely
high hemoglobin which disappears when proper fluid balance is
restored.
Some other infrequent causes are:
•

advanced lung disease (for example, emphysema),

•

certain tumors,

•

a disorder of the bone marrow known as polycythemia rubra vera,

•

Abuse of the drug erythropoietin (Epogen) by athletes for blood
doping purposes.

High hemoglobin concentrations are often mistaken as adequate iron
status; however, high hemoglobin is independent of iron status and is
often associated with poor health outcomes. Very high hemoglobin
concentrations cause high blood viscosity, which results in both
compromised oxygen delivery to tissues and cerebrovascular
complications.
Although much of the clinical and public health focus has been on
anemia or the low end of the hemoglobin distribution, there are also
problems at the high end. The most notable consequence is increased
blood viscosity.
The relation between hemoglobin and blood viscosity is linear when the
hematocrit is <0.50 (equivalent to a hemoglobin value of 160 g/L).
Above this hemoglobin concentration, the relation becomes
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exponential—a small increase in hemoglobin or hematocrit results in a
large increase in viscosity. Once hemoglobin concentrations reach 180
g/L, the blood viscosity reaches a level that impairs microcirculation and
an inadequate amount of oxygen is transported to tissues, similar to the
situation with severe anemia. This is often manifested as peripheral
cyanosis and impaired mental function resulting from compromised
cerebral blood circulation.
Additionally, because of the poor blood flow, the risk of thromboembolism increases substantially. A study of individuals with chronic
mountain sickness (or polycythemia), which is due to a combination of
high altitude residency and poor pulmonary function, showed that longterm survival with a hemoglobin >200 g/L is not possible.
An elevated hemoglobin concentration is usually the result of 2
mechanisms: increased red blood cell production as a compensatory
mechanism when blood oxygen carrying capacity is compromised to
meet the demand of tissue (with a net increase in red cell mass), or
contracted plasma volume resulting in an appearance of greater red cell
volume (without a net increase in red cell mass).
One of the 2 most common nonpathologic reasons for elevated
hemoglobin or red cell mass is residence at a higher altitude, where
ambient oxygen concentration is lower.
The other is cigarette smoking, which causes part of the hemoglobin to
become nonfunctional as a result of binding with carbon monoxide.
Respiratory and cyanotic cardiac conditions, which compromise proper
oxygenation of blood, are the principal pathologic reasons for elevated
hemoglobin concentration.
The only condition of elevated hemoglobin that is due to the production
of defective red blood cells, but not subject to the control of tissue
oxygen drive, is polycythemia vera. These conditions of increased red
blood cell production share the one basic feature of increased red cell
mass with normal or increased total blood volume.
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When the red cell mass does not increase, the contraction of the plasma
volume results in the appearance of an elevated hemoglobin
concentration, or hemoconcentration. The most common example is
acute dehydration, which can raise the hemoglobin concentration by 10–
15%.
The effect of very low or very high hemoglobin concentrations on the
cardiovascular system and resulting compromised delivery of oxygen to
tissues can directly cause severe morbidity or mortality.
Iron deficiency can be a major contributory factor to very severe anemia,
but no evidence exists to show that a very high hemoglobin
concentration is due to too much iron or to iron supplementation. The
clinical significance of low or high hemoglobin concentrations that are
less extreme has more to do with underlying conditions that cause
abnormally high or low hemoglobin concentrations.
High hemoglobin count indicates an above-average concentration of
oxygen-carrying proteins in your blood. Hemoglobin (Hg or Hgb) is the
main component of red blood cells. Hemoglobin count indicates your
blood’s oxygen-carrying capacity.
High hemoglobin count is somewhat different from high red blood cell
count, because each cell may not have the same amount of hemoglobin
proteins. Therefore, you could have a high hemoglobin count even if
your red blood cell count falls within the normal range.
The threshold for high hemoglobin count is slightly different from one
medical practice to another. It is generally defined as more than 17.5
grams (g) of hemoglobin per deciliter (dL) of blood for men and 15.5
g/dL for women. In children, the definition of high hemoglobin count
varies with age and sex.
High hemoglobin count may occur because:
•

Red blood cell production increases to compensate for low blood
oxygen levels due to poor heart or lung function
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•

•
•

•

•
•

•

•

•
•
•
•

•
•

•
•
•
•
•
•

Your kidneys release too much of a protein (erythropoietin, or
EPO) that enhances red blood cell production
You have taken drugs that stimulate red blood cell production
A bone marrow dysfunction results in an increased production of
red blood cells
Red blood cell production increases to compensate for a limited
oxygen supply in higher altitudes.
Congenital heart disease
Cor pulmonale (failure of the right side of your heart due to high
blood pressure in the arteries of your lungs (pulmonary
hypertension)
Pulmonary fibrosis (condition characterized by scarring or
thickening of the tissue between the air sacs (alveoli) in your
lungs).
Polycythemia Vera (This is a very rare bone marrow disease in
which body makes too many red blood cells.)
Anabolic steroids, which stimulate red blood cell production
Congenital heart disease
COPD
Dehydration (This produces falsely high hemoglobin which
disappears when proper fluid balance is restored).
Emphysema
EPO doping — injections of erythropoietin (EPO) to enhance
athletic performance.
Heart failure
Kidney cancer
Living at a high altitude, where there is less oxygen in the air
Other types of heart disease
Other types of lung disease
Smoking, this may result in low blood oxygen levels.

A high hemoglobin count usually suggests that you have too many red
blood cells. This condition is also called erythrocytosis. It can lead to a
several complications because it can impair circulation and lead to
abnormal clotting. A high hemoglobin count is rarely an unexpected
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finding or simply discovered by chance. A high hemoglobin count and
results from other tests may already indicate the cause of your illness, or
some other tests may be also suggested to assess your condition.
Because the high hemoglobin cannot be considered as a special disorder
it can be only treated as a symptom of some other underlying disease.
That is why treating the underlying disease will probably lower the
hemoglobin level.
Different blood types
Blood cells are made up of two components. The hemoglobin is in
solution inside the cell. The cell is surrounded by a membrane that holds
in the hemoglobin. A rough analogy would be a rubber water balloon.
The rubber would be the membrane, and the water would be the
hemoglobin. The blood types that most of us know, A, B, O, and Rh,
are properties of the membrane. The hemoglobin inside the red cells of
a person with type O blood and that inside the red cells of a person with
type A blood are identical. The analogy would be of water balloons
made from blue and red balloons. The color of the balloon would differ,
but the material inside (water) would be the same.
Role in disease
Decrease of hemoglobin, with or without an absolute decrease of red
blood cells, leads to symptoms of anemia. Anemia has many different
causes, although iron deficiency and its resultant iron deficiency anemia
are the most common causes. As absence of iron decreases heme
synthesis, red blood cells in iron deficiency anemia are hypochromic
(lacking the red hemoglobin pigment) and microcytic (smaller than
normal). Other anemias are rarer. In hemolysis (accelerated breakdown
of red blood cells), associated jaundice is caused by the hemoglobin
metabolite bilirubin, and the circulating hemoglobin can cause renal
failure.
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Some mutations in the globin chain are associated with the
haemoglobinopathies, such as sickle-cell disease and thalassemia. Other
mutations, are benign and are referred to merely as hemoglobin variants.
There is a group of genetic disorders, known as the porphyrias
(Heaminophilea) that are characterized by errors in metabolic pathways of
heme synthesis.
Diagnostic uses
Hemoglobin concentration measurement is among the most commonly
performed blood tests, usually as part of a complete blood count.
Hematocrit, the proportion of blood volume occupied by red blood
cells, is typically about three times the hemoglobin level. For example, if
the hemoglobin is measured at 17, that compares with a hematocrit of
51.
To a small extent, hemoglobin A slowly combines with glucose at the
terminal valine (an alpha aminoacid) of each β chain. The resulting
molecule is often referred to as Hb A1C. As the concentration of glucose
in the blood increases, the percentage of Hb A that turns into Hb A1c
increases. In diabetics whose glucose usually runs high, the percent Hb
A1c also runs high. Because of the slow rate of Hb A combination with
glucose, the Hb A1c percentage is representative of glucose level in the
blood averaged over a longer time. An Hb A1c proportion of 6.0% or
less show good long-term glucose control, while values above 7.0% are
elevated. This test is especially useful for diabetics.
Other oxygen-binding proteins
Myoglobin:
Found in the muscle tissue of many vertebrates, including humans, it
gives muscle tissue a distinct red or dark gray color. It is very similar to
hemoglobin in structure and sequence, but is not a tetramer; instead, it is
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a monomer that lacks cooperative binding. It is used to store oxygen
rather than transport it.
Hemocyanin:
The second most common oxygen transporting protein found in nature,
it is found in the blood of many arthropods and molluscs. Uses copper
prosthetic groups instead of iron heme groups and is blue in color when
oxygenated.
Hemerythrin:
Some marine invertebrates and a few species of annelid use this iron
containing non-heme protein to carry oxygen in their blood. It appears
pink/violet when oxygenated, clear when not.
Chlorocruorin:
Found in many annelids, it is very similar to erythrocruorin, but the
heme group is significantly different in structure. It appears green when
deoxygenated and red when oxygenated.
Vanabins:
Also known as vanadium chromagens, they are found in the blood of
sea squirts and are hypothesized to use the rare metal vanadium as its
oxygen binding prosthetic group.
Erythrocruorin:
Found in many annelids, including earthworms, it is a giant free-floating
blood protein containing many dozens—possibly hundreds—of ironand heme-bearing protein subunits bound together into a single protein
complex with a molecular mass greater than 3.5 million daltons.
Pinnaglobin:
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Seen only in the mollusc Pinna squamosa. Brown manganese-based
porphyrin protein.
Leghemoglobin:
In leguminous plants, such as alfalfa or soybeans, the nitrogen fixing
bacteria in the roots are protected from oxygen by this iron heme
containing, oxygen binding protein.
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