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Introduction
Iron is an essential element for the living body. The human body 

stores iron mostly in liver, spleen, marrow and skeletal muscle in the 
form of ferritin and hemosiderin. Hemosiderin has been known as 
yellowish granules that can be stained by Prussian blue in the tissue 
cells. On the other hand, ferritin is invisible by photomicroscopy or 
may be faintly visible and stained diffusely in the tissue cells by Prussian 
blue, if concentrated. Ferritin and hemosiderin are iron containing 
proteins with magnetic susceptibility. Ferritin is water-soluble and 
heat-resistant up to 80°C, but hemosiderin is water-insoluble and 
thermally denatured. The total amount of body iron stores is around 
600 to 1000 mg in the normal adult male and around 200 to 300 mg in 
the normal adult female [1]. The ratio of iron deficiency anemia in the 
menstruating female is less than 10% [2-4], and that of iron deficiency 
without anemia is around 20 to 40% in the menstruating female [3,4]. 
The amount of storage iron in the normal female increases gradually 
after menopause, but it is still lower [2] than the level of the normal 
male even after 20 years [5]. 

In a negative iron balance, reserved iron will be exhausted sooner 
or later, and results in iron deficiency. On the other hand in a positive 
iron balance, iron will be accumulated in the body and results in iron 
overload caused by the increase of iron absorption or blood transfusion 
or mistreatment. 

Storage iron behaves as if resisting the change in the iron density 
gradient [6,7]. This is a homeostatic tendency of the storage iron 
metabolism.

Iron produces hazardous free radicals, those causing various 
disorders not only in iron overload, but also in localized iron deposition 
[8-12]. The transformation of ferritin into hemosiderin [13,14] 
might be the second best evolutionary step to reduce iron toxicity, 
compensating for the lack of iron excretion function of the human body. 
An iron chelating agent, deferasirox [15], with iron removing efficacy 
comparable to that of phlebotomy [7] is now in use for the treatment of 
transfusional iron overload. 

Knowledge of the storage iron metabolism seems essential not only 
for understanding the basis of the iron metabolism, but also for studies 
of the vast field of medicine.

Clinical Methods For Determining Iron Stores
Quantitative determination of iron stores 

Total amount of iron in the blood removed by phlebotomy [11,16-
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19] or that in the transfused blood can be determined by using the ratio 
of hemoglobin iron to hemoglobin as 0.0034. The total amount of iron 
stored after intravenous iron injection to patients with iron deficiency 
anemia can be obtained by subtracting the iron fixed in the increased 
hemoglobin in red cell mass, from the total amount of iron injected 
[20].

 Semiquantitative estimation of iron stores

The correlation between the total amount of storage iron and 
hemosiderin grain counts in biopsy sample has been used for the 
estimation of iron stores. 

Body surface monitoring methods such as dual-energy X-ray CT 
[21], super conduction quantum interference device susceptometry and 
Magnetic Resonance Imaging (MRI) [22] were introduced. However, 
other than for MRI, these methods are not adopted clinically. Although 
MRI is available for the detection of localized iron deposition, it has 
limitations for the quantitation of storage iron, in iron overload [7,23]. 

The development of the serum ferritin assay method by Addison 
et al. [24], achieved a break-through in studies on the storage iron 
metabolism. Serum ferritin assay enabled us to differentiate the 
hypochromic hypoferremic Anemia of Chronic Disease (ACD), such 
as inflammation anemia from iron deficiency anemia [24-27]. 

Serum ferritin may render a value higher than the actual storage 
iron level in patients with various inflammations, malignancies, 
hereditary hyperferritinemia-cataract syndrome. Therefore, 
appropriate examinations are needed for excluding such suspected 
cases of overestimation. Despite such disadvantages, serum ferritin has 
been evaluated highly for the diagnosis and treatment of patients with 
iron deficiency anemia and iron overload [2-7,24-27]. 

According to the report by Addison et al. [24], it suggested that the 
serum ferritin concentration might reflect the iron stores of the body, 
a rate [27] and a formula [2] were proposed for the conversion from 
serum ferritin into iron stores. However, such conversion methods 
do not always reflect the amount of iron stores because serum ferritin 
cannot reflect hemosiderin iron.
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 Determination of ferritin and hemosiderin Iron

Saito et al. [7] developed a clinical method for the simultaneous 
determination of ferritin and hemosiderin iron, by using a serum 
ferritin decrease curve, measured in the course of iron removal by 
phlebotomy and iron chelating. The method is based on the fact 
that the serum ferritin decrease curve is composed of the sum of 
two components, [28] a decreasing and recovering component. The 
decreasing component reflects the decrease in pre-existed tissue ferritin 
iron, and the recovering component reflects the increase of the tissue 
ferritin iron by removal of iron from hemosiderin, i.e. decreasing 
hemosiderin iron.

Storage Iron and Erythropoiesis
 Human body reserves iron probably because the supply of a 

sufficient amount of iron is difficult by iron absorption, when there is an 
urgent need for erythropoiesis, as in the case of a large amount of blood 
loss. However, the mobilization of iron from iron stores cannot be 
increased fast enough to meet the acute need for iron, if erythropoiesis 
is elevated up to 6 to 8 times the normal [29].

The shortage of iron supply for increased erythropoiesis from storage 
results in hypoferremia, which causes iron-restricted erythropoiesis 
[30]. Iron deficiency anemia limits hemoglobin synthesis [31]. This 
is applied for the suppression of erythropoiesis in polycythemia vera. 
Hypoferremia also occurs after the supplementation of elements such 
as vitamin B12, folate and erythropoietin, in element deficiency anemia. 
The hypoferremia in ACD is caused by the inhibition of iron release from 
macrophages, under the control of the hepcidin-ferroportin system 
[32,33]. ACD may also be induced by the inhibition of erythropoiesis 
by hepcidin [34]. Mild anemia is observed often in the iron overload 
that disappears after iron removal therapy. Increased ineffective 
erythropoiesis accelerates iron absorption and results in iron overload 
in thalassemia. Iron overload occurs by increased iron absorption in 
hereditary atransferrinemia, despite the lack of transferrin. Generally, 
in non-iron deficiency anemia, hemoglobin iron kept in the decreased 
red cell mass, shifts to storage.

Pollycove et al. [35] demonstrated the long lasting radioiron reflux 
from a miscible storage iron pool, in hereditary hemochromatosis. Such 
a radioiron reflux does not appear in patients with aplastic anemia, 
without erythropoiesis. The percent radioiron utilization at 14 days 
becomes higher than the percentage of iron in the red cell mass, because 
it takes at least 3 red cell life spans for the complete mixing of radioiron 
with pre-existing iron in the body of normal subjects [36]. Therefore, 
the mixing is accelerated in hemolytic anemia. Haptoglobin-bound 
hemoglobin and hemopexin-bound heme are cleared from circulation, 
stored and reutilized in intravascular hemolysis. 

Hemosiderin appears in the erythroblasts in sideroblastic anemia, 
with ineffective erythropoiesis. Bessis et al. [37] observed erythroblasts 
surrounded by ferritin, using electron microscope. They speculated that 
such ferritin was supplied from marrow macrophages to erythroblast, 
for hemoglobin synthesis [37]. However, it seems difficult to confirm 
the direction of ferritin movement from marrow macrophages to 
erythroblast, morphologically. Cazzola et al. [38] and others assayed 
ferritin in erythrocytes. The problems of erythrocyte ferritin assay are 
its time consuming process and the difficulty of complete removal of 
cells, other than mature erythrocytes. On the other hand, Bessis et 
al. [37] reported that ferritin disappeared in the mature erythrocytes 
by electron microscopy. Zail et al. [39] also reported that ferritin 
that existed in erythrocyte precursors, was lost in circulating mature 
erythrocytes. 

Storage Iron And Iron Absorption
In 1948, Granick [40] proposed the mucosal block theory, which 

implied an automatic control of iron absorption by the saturation of 
ferritin formation in the mucosal epithelial cells, following oral iron 
administration. Saito [41] reported that hemosiderin formation was 
not saturated, although ferritin formation was saturated after oral 
iron administration in rats. He then thought that the blockage of iron 
absorption by way of hemosiderin formation might be incomplete [41]. 
The above-mentioned findings would seem to indicate a difference in 
the ferritin and hemosiderin iron metabolism, as discussed later.

Iron can enter the intestinal epithelial cells from both the blood 
circulation and intestine. It becomes intracellular labile iron [42] and 
then enters the blood circulation, or is synthesized into ferritin and 
hemosiderin there or lost [43-45]. The stored iron leaves intestinal 
epithelial cells for blood circulation sooner or later in a negative iron 
balance, if the iron is not lost by the exfoliation of intestinal epithelial 
cells. 

Gene mutation causes iron overload by uncontrolled increase of 
iron absorption in hereditary hemochromatosis [27,32,46]. However, 
the relationship between gene mutation in hereditary hemochromatosis 
and hepcidin is not entirely clarified yet [32]. Iron absorption is 
not always increased in iron overloaded patients with hereditary 
hemochromatosis [46,47]. It is increased above normal in patients 
with hereditary hemochromatosis, whose iron storage is kept within 
the normal level after phlebotomy therapy [47]. Shiono et al. [48] 
revealed that the larger the iron stores before iron removal, the faster 
the rebound by the acceleration of iron absorption after phlebotomy 
therapy for patients with chronic hepatitis C [11]. 

Crosby [49] proposed a hypothesis on iron absorption that iron 
entering the epithelial cells was incorporated into a “ferritin apparatus” 
from which iron could not be released, but lost. However, his hypothesis 
seems unlikely because the formation and decomposition of ferritin 
and hemosiderin are rapid [7], thereby indicating the involvement of 
ferritin and hemosiderin iron in iron absorption, in a negative iron 
balance [7]. 

The storage iron level in the intestinal epithelial cells is controlled not 
only by hepcidin-ferroportin system [32,50], but also by erythropoiesis. 
Hepcidin production in the liver is controlled inversely by the storage 
iron level [32,51]. As mentioned above, iron absorption is controlled 
by interacting factors; storage iron, erythropoiesis and the hepcidin-
ferroportin system. 

Intestinal iron absorption is the normal route of iron entering 
the body. Iron that enters it through abnormal routes by intravenous 
injection or red cell transfusion follows a different course from the iron 
absorbed via the normal route.

Transferrin-bound iron after intravenous injection is taken up by 
the erythroid precursor cells, utilized for hemoglobin synthesis and 
fixed in the erythrocytes for the red cell life span, or remains unutilized 
in the form of ferritin and hemosiderin. The transfused effete red cell 
or intravenously injected colloidal iron is captured by the Reticulo 
Endothelial (RE) cells. There red cell or colloidal iron is decomposed 
and its iron is stored there once. Then, the stored iron in RE cells is 
released gradually and redistributed by transferrin to the tissues, in 
proportion to the ratio of pre-existing iron [28,52].
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Pathways of Ferritin and Hemosiderin Iron 
Pathways of ferritin and hemosiderin iron in iron deposition

Shoden et al. [28] proposed an iron pathway from plasma to 
ferritin, and from ferritin to hemosiderin in iron deposition. Their 
proposal seems to be supported by the transformation of ferritin 
into hemosiderin by various measures [14,15,28]. Shoden et al. [28] 
proposed an iron pathway from plasma to hemosiderin, glancing off 
ferritin in iron deposition. However, the nature of such a pathway 
seems unclear. 

Shoden et al. [28] also proposed an iron pathway from hemosiderin 
to ferritin in iron deposition. However, such a pathway seems unlikely, 
because its direction is contrary to the iron flow in iron deposition [7]. 
The same investigators also proposed a direct iron pathway from plasma 
to hemosiderin, bypassing ferritin synthesis in iron deposition [28]. 
However, such a pathway seems unlikely because intracellular labile iron 
will be involved in very active ferritin synthesis, as seen by the prompt 
serum ferritin increase after intravenous iron injection in patients 
with iron deficiency anemia. Furthermore, the detection of radioiron 
in hemosiderin fractions separated from the tissue homogenate soon 
after a radioiron addition, does not always indicate direct radioiron 
incorporation into hemosiderin, since it proved difficult to distinguish 
adhesion from incorporation [7]. 

Thus, one iron pathway seems to exist in iron deposition, where 
iron flows in the numbered order of (1) hemosiderin → (2) ferritin→ (3) 
labile iron pool in iron deposition. 

Pathways of ferritin and hemosiderin iron in iron mobilization

Thus, one iron pathway seems to exist in iron mobilization [7], 
where iron decreases in the numbered order of (1) hemosiderin ← (2) 
ferritin ← (3) labile iron pool in iron mobilization, tracing the same 
route to iron deposition. 

Phases of increase and decrease of ferritin and hemosiderin 
iron

The increase of ferritin iron was larger than that of hemosiderin 
iron initially, but it was smaller later. In contrast, the increase of 
hemosiderin iron was smaller than that of ferritin iron initially, but it 
was larger later, in the course of linear increase of total iron stores in a 
constant amount of iron addition (Figure 1). The saturation of ferritin 
iron increase reflects the transformation of ferritin into hemosiderin 
[13,14] in higher level of iron stores. The saturation indicates the 
limitation of the iron storing capacity of ferritin [7]. The linear increase 
of hemosiderin [7,28] implies the limitlessness of iron storing capacity 
of hemosiderin [7]. 

The decrease of ferritin iron was larger than that of hemosiderin 
iron initially, but it was smaller later. In contrast, the decrease of 
hemosiderin iron was smaller than that of ferritin initially, but it was 
larger later in the course of the linear decrease of total iron stores, in a 
constant amount of iron removal (Figure 2).
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Figure 1: (left) shows the phases of increase of ferritin iron, hemosiderin 
iron and total iron stores in the course of blood transfusion for a patient with 
aplastic anemia.
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Figure 2: (right) shows the phases of decrease of pre-existed ferritin iron 
(8.5 g), hemosiderin iron (6.5 g) and total iron stores (15 g) in the course of 
phlebotomy for a patient with hereditary hemochromatosis.

Shoden et al. [28] advanced an uncertain proposition regarding 
an iron pathway from hemosiderin to ferritin, and from ferritin to 
plasma in iron mobilization. This was confirmed by Saito et al. [7]. 
Shoden et al. [28] also proposed an unproven iron pathway from 
ferritin to hemosiderin, in iron mobilization. However, such a pathway 
seems unlikely, because its direction is contrary to the iron flow in 
iron mobilization. They [28] also proposed a direct iron pathway from 
hemosiderin to plasma, in iron mobilization. However, such a pathway 
seems unlikely because the iron split off from hemosiderin will be 
involved in active ferritin synthesis by removing iron from hemosiderin 
in iron mobilization, because the iron flows from ferritin to labile iron 
in iron mobilization, and because the recovery of labile iron pool 
utilizing ferritin iron in the negative iron balance is demonstrated [53]. 
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