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Background: Parameters assessing iron stores have been established for years and have helped manage iron-deficiency states. Though, 
bone marrow examination remained the gold standard for diagnosing iron deficiency. However, several studies have been able to identify the 
critical role of serum ferritin in the storage of iron. This review explores the physical properties of serum ferritin and its importance as a marker 
for iron storage. 

Methods: The literature on the subject was searched using manual library search, journal articles, internet search, and conference abstracts in 
recognized databases of PUBMED, Google Scholar, and AJOL. Serum ferritin was a good marker for iron storage in identifying iron deficiency 
anaemia in early and late pregnancy and other medical conditions not associated with febrile illness. Several parameters like Hemoglobin 
(Hb), Mean Cell Volume (MCV), and Transferrin Saturation currently being used as a marker for assessing iron stores have their setback.
 
Results: The serum ferritin concentration correlates well with iron store and red cell indices. However, despite its easy and affordable 
procedure, serum ferritin concentration is not a routinely requested investigation in the clinic for assessing iron stores in patients, particularly 
pregnant women in Nigeria. Introducing estimation of serum ferritin into clinical practice will enhance early detection and management of 
iron deficiency anaemia.
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Depletion of iron store lead to iron deficiency anaemia, and this nutritional deficiency 
afflicts about 2 billion people in the whole world who are nutritionally iron deficient. 
Therefore, the health burden of iron deficiency was extrapolated from the world 
prevalence of anaemia (1). Anaemia isn't distributed evenly throughout the planet, as 
there's a spike in underdeveloped geographies. In some global regions, the prevalence of 
anaemia among young children is beyond the average level (2). Serum ferritin is 
considered the most straightforward and best measure of body iron stores in healthy 
individuals, despite a day-to-day variation of up to 25% (3). Ferritin is an acute-phase 
protein; therefore, serum ferritin isn't a sensitive indicator of iron stores in those laid low 
with infection and inflammatory disorders (4).

Functions of Iron
Iron is essential in all substances of aerobic organisms. It plays vital functions in the 
human body, primarily in its oxygen-carrying capacity(5). In a healthy adult, iron is two to 
four grams. Iron is the binding site for oxygen in heme-containing proteins, such as 
haemoglobin in red blood cells and myoglobin in muscle (6). Heme consists of a ferrous 
(Fe2+) iron complex within protoporphyrin ix. Porphyrin is a  macromolecule that binds 
divalent and trivalent metals like iron to form complexes. Thus, haemoglobin and 
myoglobin perform the critical oxygen transport function in the human body(7).                                                                     
Iron is an active transition metal in two oxidative states, ferrous (Fe2+) and ferric (Fe3+). 
Iron is actively involved in transferring electrons by reducing the ferric form of iron to a 
ferrous state and supplying hydrogen ions to cytochromes(8). Therefore, haem is an 
essential component of cytochrome proteins, which comprise the electron transport 
chain.
 However, iron is an integral part of iron-sulfur (Fe-S) proteins in mitochondrial enzymes, 
thus playing an essential role in mitochondrial single-electron transport (9).

Iron Homeostasis
Maintaining the average amount of body iron is critical since its overload can result in 
iron toxicity by contributing to free radical production and oxidative stress. The body's 
iron loss level depends only minimally upon the iron burden. Therefore, regulation of 
body-iron content is achieved almost entirely by modulating the amount of iron absorbed 
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from the upper intestinal (10).

Regulation of Iron Availability
Several proteins are involved in regulating iron, 
including transferrin (Tf) and ferritin, which are 
responsible for iron transport and storage, 
respectively. These proteins bind iron in the ferric 
(Fe3+) form, which is non-reactive. The body 
regulates iron homeostasis through intestinal 
absorpt ion ,  post - t rans lat iona l  regu lator y 
mechanisms, iron recycling in macrophages, and 
cellular iron storage(11). Iron absorption is regulated 
by iron transport through the small intestine, which 
depends on the rate of erythropoiesis and the 
reduction in body iron stores. Erythropoiesis takes 
place in the bone marrow. The ferrous form of iron is 
absorbed from the diet and transported by the 
plasma protein transferrin. Iron is recycled by 
reticuloendothelial macrophages, which are taken 
up by the bone marrow erythroblasts. Surplus of Iron 
is stored in the form of ferritin, primarily in the liver 
cell  (hepatocytes). Erythropoiesis continues to use 
this stored iron in case of reduced supply or loss of 
iron (2, 11).

Iron and its Metabolism
Metabolism of Iron involves a chain of chemical 
reactions that regulates homeostasis at both the 
cellular and systemic level. The control of this 
reaction is essential as iron is a potentially toxic 
metal that is also a necessary part of many aspects 
of human health and disease (12). Pathologists are 
incredibly curious about systemic iron metabolism 
because iron is vital in red blood cell formation, 
where most of the human body's iron is contained. 
Understanding iron metabolism is additionally 
critical for understanding iron overloads, such as 
hemochromatosis, and iron deficiency, such as iron 
deficiency anemia (12). 

Importance of Iron Regulation
Iron is essential for almost all living organisms, from 
microorganisms to higher animals. Its value lies in 
its ability to mediate electron transfer; In the ferrous 
state, iron acts as an electron donor, while it acts as 
an acceptor in the ferric state (13). Thus, iron is 
essential in speeding up enzymatic reactions 
involving electron transfer. Proteins can contain iron 
as different cofactors, such as iron-sulfur clusters 
(Fe-S) and heme groups assembled in mitochondria 
(14).

Transport of Oxygen 
Both human and microorganism needs iron for 
oxygen transport. Oxygen (O2) is critical for the 
functioning and survival of nearly all cell types 
(mature erythrocytes being one exception) (Conrad 
and Umbreit, 2000). The lung plays a vital role in 

transporting oxygen to all body parts bound to 
haemoglobin, in erythrocytes, and myoglobin in 
muscle cells(15).

Toxicity of Iron
Iron is a potentially toxic metal. Its ability to transfer 
and accept electrons shows that it can speed up the 
conversion of hydrogen peroxide into free radicals. 
Free radicals can damage most structures in cells, 
leading to cell death (16). 
When iron is bound to proteins such as heme is  safe. 
However, there are virtually no genuinely free ions in 
most of the cells as a result of the inability of it to 
complex with another hydrocarbon. m However, 
some of the intracellular iron is bound to low affinity 
complexes and is referred to as labile Iron or "free" 
Iron. Iron in such complexes can result in cell 
damage (16). 

Body iron stores
People that are well-nourished, and live in developed 
countries, have about 4 to 5 grams of iron in their 
bodies. About 2.5g is contained in the hemoglobin 
needed to carry oxygen through the blood. The 
remaining iron complexes with apoferritin are stored 
in the bone marrow, liver, and spleen. The liver's 
ferritin stores are the body's primary physiologic 
source of reserve iron. The reserves of iron in 
developed countries tend to be lower in children and 
women of childbearing age than in men and the. 
Women that usaully use stored to cover for iron lost 
through lactation, mensturation, or even pregnacy  
have lower non hemoglobin body stores, which may 
consist of 500mg or even less (17). About 400mg of 
iron stored in the human body is devoted to cellular 
proteins that use iron for essential cellular 
processes like storing oxygen (myoglobin) or 
performing energy, and producing redox reactions 
(cytochromes) (18). Iron deficiency initially affects 
the stored iron in the body, and depletion of these 
stores is relatively non symptomatic. However, some 
vague and nonspecific symptoms have been 
reported to it. Iron is critical for hemoglobin 
formation, and iron deficiency anemia is the primary 
clinical manifestation of iron deficiency(19). People 
deficient in iron will suffer or die from organ damage 
before cells run out of the iron needed for 
intracellular processes like electron transfer (20). 
The reticuloendothelial system and macrophages 
store iron as part of breaking down and processing 
hemoglobin from engulfed red blood cells (20). 

Mechanisms of Iron Regulation
The homeostasis of the iron human body is 
controlled at two different stages. Systemic iron 
levels are maintained by absorption of dietary iron by 
the cells that line the bowels' interior and the 
uncontrolled loss of iron from epithelial sloughing, 
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sweat, injuries, and blood loss. However, systemic 
iron is continuously recycled. Different cell types 
control cell levels differently due to particular iron 
regulatory and transport proteins (21).

Systemic Iron Regulation
Iron uptake in the diet
Iron absorption in most diets could be a variable and 
dynamic process. The quantity of iron absorbed 
compared to the number ingested is often low but 
may range from 5% to the maximum amount of 35%, 
looking at iron's condition and nature. The speed with 
which iron is absorbed varies, counting on the 
source. Mostly the best-absorbed kinds of iron come 
from animal products(22). Iron absorption from it 
salt varies somewhat in step with the body's need for 
iron and is sometimes between 10% and 20% of iron 
intake. Absorption of Iron from animal products, and 
a few plant products, is within the variety of heme 
iron and is more efficient, allowing absorption of 
from 15% to 35% of intake(22). Heme part of iron in 
animals is mainly from blood and heme, containing 
proteins in meat and mitochondria. In contrast, in 
plants, heme iron is present in mitochondria in all 
cells that use oxygen for respiration(23).
Like other mineral nutrients, most of the iron 
absorbed from digested food or supplements is 
mainly by the duodenal cells. These cells have 
specialized molecules that transport iron into the 
body. Dietary Iron absorbed as part of a protein, such 

2+as heme protein or iron, must be in its ferrous (Fe ) 
form. An enzyme called ferric reductase is on the 
brush border of the enterocytes in the duodenum and 

3+) 2+reduces ferric (Fe  to ferrous (Fe ) (24). A protein 
called divalent metal  transporter1 (DMT1) can 
transport several divalent metals across a semi-
permeable membrane and later across the 
enterocyte's cell membrane into the cell (25).
These intestinal lining cells can store the iron as 
ferritin, with Fe3+ binding to apoferritin(26). The 
body regulates iron levels by controlling each of 
these steps. Iron absorption from the diet is 
facilitated by vitamin C and diminished by excess 
calcium, zinc, or manganese (26). The rate at which 
iron in the human body is absorbed appears to be as 
a result of a range of mutually beneficial factors that 
add to whole stores of iron, the rate to which the bone 
marrow is producing new red blood cells, the 
concentration of hemoglobin within the blood, and 
also the oxygen content of the blood (26). 

Iron recycling and loss
Most of the time, iron in the body is preserved and 
recycled by the reticuloendothelial system, which 
breaks down old red blood cells(27). In opposite to 
iron uptake and recycling, there is no physiologic 
regulatory mechanism for removing iron from the 
body(28). Humans lose a small but steady amount 

by gastrointestinal blood loss, sweating, and peeling 
skiin  (27). The loss for healthy people in developed 
countries amounts to an estimated average of 1 mg 
per day for males and 1.5–2 mg daily for females 
with regular menstrual periods. More commonly 
found in developing countries, people with parasitic 
gastrointestinal infections often lose more. Those 
who cannot regulate absorption well enough get 
disorders of iron overload. In these diseases, iron 
toxicity starts overwhelming the body's ability to bind 
and store it (27).

What is Ferritin?
Ferritin is a protein that serves as iron storage is 
made up of 24 subunits. These subunits are heavy 
(H) and light (L) chains. This forms a hallow 
apoferritin shell and holds nearly 4500 atoms of iron. 

2+Apoferritin binds to iron in its ferrous (Fe ) form and 
3+then oxidizes it to ferric (Fe ) Iron. In this form, iron is 

non-reactive and, thus, nontoxic to the cells. The H 
subunit of ferritin has ferroxidase activity, an 
essential characteristic of this iron storage protein. 
The heavy subunit is found mainly in heart tissue, 
and the light subunit in liver cells. Once iron is 
absorbed in the duodenum and transported across 
the enterocyte (29). 

Function of Ferritin
Ferritin is transported to cells in the transferrin-bond 
form or the excess iron stored in ferritin. When iron is 
required for erythropoiesis, it is released from 
ferritin. Thus ferritin levels can reflect an early stage 
of iron deficiency in an average healthy adult and are 
considered a sensitive biomarker of iron deficiency 
(29, 30).
Though severe inflammatory conditions can alter 
serum ferritin levels, resulting in a false estimation of 
iron stores, this can be better explained by alteration 
in serum ferritin levels due to inflammatory 
response. Serum ferritin is a positive acute-phase 
protein,  meaning that it's a level rise in response to 
inflammation stimulation of interleukins  IL-1 and IL-
6, increasing serum ferritin transcription. However, 
severe inflammatory conditions cause increased 
serum ferritin levels. Inflammatory cytokines can 
also cause increased serum ferritin levels (30). 

Role of Serum Ferritin as a Marker for Iron Store
Average ferritin concentrations in the serum vary 
with age and sex. However, the level is high at birth, 
rises during the first two months of life, and falls 
throughout late infancy. Concentrations rise again 
and increase into adulthood at about one year of age 
(31). In early adolescence, males tend to have higher 
serum ferritin values than females, a trend that 
persists into late adulthood. Values among men 
reach their peak between 30-39 years of age and 
remain steady until about 70 years. Among women, 
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serum ferritin values remain relatively low until 
menopause and then rise (31). Serum ferritin levels, as 
against haemoglobin, are not affected by residential 
elevation above sea level. However, ferritin is an acute-
phase protein; concentrations increase during 
inflammation and thereby no longer reflect the size of 
the iron store. Thus, interpret average or high serum 
ferritin values in widespread infection, inflammation, 
or malignancy. In case there is no inflammation or 
chronic disease, high serum ferritin concentrations 
indicate iron overload (31). 

Laboratory Assessment of Serum Ferritin  
Commercially available in-house developed ferritin 
ELISA kit (E140Hu Bioassay Technology Laboratory, 
China), a commercially prepared kit based on the 
sandwich principle. The total time for the analysis is 
about six hours due to patient preparation, and sample 
separation is required. The turnaround time is about 
12 to 24 hours because of the need to batch 
specimens together. The advantage of these analyses 
is the ability to carry out a large volume of analyses 
simultaneously. 

Conclusion
Based on studies carried out internationally and 
locally on serum ferritin, it can be a useful marker in 
monitoring and assessing iron status in individuals, 
particularly pregnant women, and is readily available 
and affordable. This reduced rate of iron deficiency is 
associated with morbidity and mortality.
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