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Oral Iron Bioavailability
Iron deficiency is the most common nutritional disorder

worldwide and accounts for aproximately one half of anemia
cases [1,2]. Iron deficiency anemia can result from inadequate
iron intake, decreased iron absorption, increased iron demand
and increased iron loss [3]. Oral iron therapy is the first line
therapy to control iron deficiency but, unfortunately,
adherence to oral iron therapy can be a barrier to treatment
because of Gastro-Intestinal adverse effects such us epigastric
discomfort, nausea, diarrhea and costipation [4,5]. These
effects may be reduced when iron is taken with meals, but
absorption may decrease by 40% [4,5]. Medication such us
PPIs (Proton Pump Inhibitors) and events that induce gastric
acid hyposecretion (chronic atrophic gastritis, recent

gastrostomy or vagotomy) are associated with reduced
absorption of dietary iron and iron tablets [4]. Diagnosis of
iron deficiency anemia requires laboratory-confirmed
evidence of anemia (Table 1) [5] as well as evidence of low
iron stores (Ferritin levels low than 30 ng per ml) [5]. Ferrous
Sulphate for oral route is still considered the gold standard for
iron deficiency anemia also if a poor domiciliary compliance
has been observed because of its gastro-intestinal adverse
events. In order to improve patient’s compliance versus oral
iron therapy a new and particular source of iron, ferrous
bysglicinate chelate, has been developed and used in clinical
practice [6-16]. Ferrous bysglicinate chelate consists of one
molecule of ferrous iron bound to two molecules of glycine to
form two heterocyclic rings (Figure 1) [6].

Table 1 Age-related variations in hemoglobin level and MCV [17].

Age Hemoglobin level (g per dl [g per L]) MCV (µm3 [fL])

 Mean Diagnostic at anemia Mean Diagnostic of microcytosis

3 to 6 months 11.5(115) 9.5(95) 91(91) 74(74)

6 months to 2 years 12.0(120) 10 5(105) 78(78) 70(70)

2 to 6 years 12.5(125) 11.5(115) 81(81) 75(75)

6 to 12 years 13.5(135) 11.5(115) 86(86) 77(77)

12 to 18 years (female) 14.0(140) 12.0(120) 90(90) 78(78)

12 to 18 years (male) 14.5(145) 13.0(130) 88(88) 78(78)

20 to 59 years (white men) NA 13.7(137) 90(90) 80(80)

60 years and older (white men) NA 13.2(132) 90 80

20 years and older (white women) NA 12.2(122) 90 80

20 to 59 years (black men) NA 12.9(129) 90 80

60 years and cider (black men) NA 12.7(127) 90 80

20 years and Oder (black women) NA 11.5(115) 90 80

MCV: Mean Corpuscular Wolurne; NA: Not Available
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Figure 1 Structural formula of ferrous bisglycinate chelate
[6].

The absorption of iron from ferrous bysglicinate chelate is
regulated through the same physiological mechanisms as
other inorganic forms of iron. Following oral administration,
ferrous bysglicinate chelate adds to the intestinal intraluminal
pool of inorganic, non-haem iron and is absorbed intact into
the mucosal cells of the intestine, and is subsequently
hydrolised into its iron and glycine components [6].

The intact absorbption of ferrous bysglicinate chelate
directly into the mucosal cells of the intestine represents the
main differences between this iron source and all the other
iron salts making ferrous bysglicinate chelate more available
and with less Gastro-Intestinal adverse effects after oral
administration.

A lot of clinical trials shown clinical bioequivalence between
Ferrous Sulphate at high elemental iron dosage and Ferrous
Bysglicinate Chelate at low dosage (ratio 4 to 1) confirming the
pharmacokinetic differences between the two sources of iron
after oral administration [8-11].

Nevertheless, also Ferrous Bysglicinate Chelate treatment
alone results in a number of adverse events that limit, also if at
a less extent that Ferrous Sulphate, the patient’s domiciliary
compliance to oral iron therapy.

Also the taste of the Ferrous Bysglicinate solution, because
of “the iron taste” could represent a limit for patients
compliance, especially in infants and in children. In order to
ameliorate even more oral Iron bioavailabilty, tolerability and
taste of Ferrous Bysglicinate Chelate a new compound named
“FERALGINE®” has been developed.

FERALGINE® is a “co-processed compound” between two
well Known substances: Ferrous Bysglicinate Chelate and
Alginic Acid, two substances defined like G.R.A.S. (Generally
Recognized As Safe) by F.D.A: by using spray drying
technologies we have been able to “co-processsed” the two
substances in a new one patent pending compound with a
very attractive and interesting profile.

Spray drying technology, the technology that has been used
to develop FERALGINE®, comes of age during World War II,
with the sudden need to reduce the transport weight of foods
and other materials.

Figure 2 Spray driyng techniques [19].

This tecniques enables the transformation of feed from a
fluid state into dried particulate form by spraying the feed into
a hot drying medium [18,19]. It is a continuous particle
processing drying operation. Spray drying process mainly
involves five steps 1) Concentration: feedstock is normally
concentrated prior to introduction into the spray dryer; 2)
Atomization: the atomization stage creates the optimum
condition for evaporation to a dried product having the
desired characteristic; 3) Droplet-air contact: in the chamber,
atomized liquids brought into contact with hot gas, resulting in
evaporation of 95% of the water contained in the droplets in a
matter of a few minutes; 4) Droplet drying: moisture
evaporation takes place in two stages: during the first stage,
there is sufficient moisture in the drop to replace the liquid
evaporated at the surface and evaporation takes place at a
relatively constant rate and the second stage begins when
there is no longer enough moisture to mantain saturated
conditions at the droplet surface, causing a dried shell to form
at the surface. Evaporation then depends on the diffusion od
moisture through the shell, which is increasing in thickness; 5)
Separation: cyclones, bag filter, and electrostatic precipitators
may be used for the final separation stage. Wet Scrubbers are
often used to purify and cool air so that it can be released to
atmosphere (Figure 2) [18,19].

Spray drying is one of the most exciting technologies for the
pharmaceutical industry, being an ideal process where the
end-product must comply with precise quality standards
regarding particle size distribution, residual moisture content,
bulk density and morphology. Alginic Acid salts have usually
been used like “gastroprotector” for patients affected by GERD
(Gastro Esophaegeal Reflux Disease), by gastric hyperacidity
and by pyrosis [18,19]. By applying Spray Drying technology to
a solution of Ferrous Bysglicinate Chelate and Alginic Acid we
obtained a “new co-processed compound” in which alginic
acid and Ferrous Bysglicinate Chelate are present in 1 to 1 ratio
and in which every little particle of the powder has the same
morphology and quantity of the two different co-processed
substances. In the following picture making by
stereomicroscopy Wild Heerbrugg Makroskop M420 linked to
an OPTIKAM MICROSCOPY DIGITAL USB CAMERA, we could
appreciated the uniformity of the content in the FERALGINE®
powder (Figure 3) [20].
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Figure 3 Feralgina powder (picture making by
stereomicroscopy Wild Heerbrugg Makroskop M420 linked
to an OPTIKAM MICROSCOPY DIGITAL USB CAMERA [20].

The new “Co-processed compound” obtained by spray
drying technology, allow to iron powder an increased and
uniform superficial area and, consequently, a quick and more
extensive iron absorption together with an increase in
gastrointestinal protection thanks to the more uniform alginic
acid distribution in the FERALGINE® powder. In the same time,
the uniform presence of alginic acid in the new co-processed
compound obtained by a spray-drying technology, decreased
iron taste in the final powder, increasing patient’s (but
especially children) compliance to oral iron treatment.
Concluding, FERALGINE®, a new patent-pending co-processed
compound between Alginic Acid and Ferrous Bysglicinate
Chelate, seems to be a new therapeutic option for oral iron
therapy thanks to its new pharmacokinetic/pharmacodinamic
properties that improve metabolism and taste of the well
known Ferrous Bysglicinate Chelate.
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