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Iron bound to heme appears to be more bioavailable than iron salts. A clinical study was performed to
investigate the absorption efficiency of heme-iron and iron-salt products available. Heme-iron and nonheme-iron
supplements have become available in Korea. We performed iron absorption studies to compare the absorption
of heme-iron polypeptide (HIP) products made from digested hemoglobin, produced in Korea (HIPK) and
imported from Japan (HIj), with that of iron salts. In the study, 80 subjects were divided into 5 groups
(n=56): placebo group; 12 mg glucose, HIPk group; 12 mg iron as HIPkK, HIj group; 12 mg iron as HIj,
iron-salt group 1; 12 mg of iron as fermous aminoacetate, and iron-salt group 2; 100 mg iron as ferrous aminoacetate.
Changes in serum iron levels were measured at 3 and 5 hours post ingestion. Absorption of iron in HIPk
was higher compared to HIj, iron-salt or placebo. There was a significant inverse comrelation between low
serum iron levels (<80 ug/dl} and iron absormption from HIPK. These results demonstrated that HIPk was
more bioavailable, even taken with a meal, and would have potential advantages over iron salt or HIj as
an iron supplement. Our results indicate that heme-iron absorption is regulated by iron status through a
heme receptor, whereas iron-salt absorption is unregulated.
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INTRODUCTION myoglobin present in animals.” Pharmacological iron is
usually a ferrous salt that is insoluble in solutions with
a pH greater than 3 whereas heme-iron is soluble in
solutions with a pH greater than 7 and below pH 3
Therefore, it is well known that absorption of heme iron

is far greater than nonheme-iron: The absorption rates

Iron is one of the most important essential elements
for all living organisms and is involved in a wide variety
of key physiological processes such as oxygen transport,
DNA synthesis, and electron transport.” Iron deficiency

is a most common nutritional problem worldwide and
a common cause of anemia. Pregnant women, young
women during their reproductive years, and children tend
to be at the highest risk of iron deficiency.” Tron is absorbed
from the diet in two forms: one is inofganic iron
(nonheme-iron) mainly released from vegetables and
plant-based foods; the other is heme-iron obtained from
the pharmaceutical breakdown of hemoglobin (Hb) or
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of heme-iron and iron-salt are 37% and 5%, respectively.”
Ferrous ion must be solubilized and chealated in the
stomach to be available for absorption in the more alkaline
duodenum. Heme-iron is absorbed through a receptor while
iron-salts are transported into the body through non-
selective iron channels called divalent metal transporters.s)
Other metal ions can therefore inhibit iron-salt absorption
by competing for the use of the same channel. Moreover,
the iron channel is not regulated, suggesting that iron-salt
intake needs to be strictly controlled to prevent iron
overload.

Body concentrations of iron are maintained primarily
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by the regulation of dietary iron absorption. A man with
a 4 g body store of iron will lose only 1 mg daily whereas
women during the childbearing years will lose approxi-
mately twice that amount due to menstruation and child-
birth.>” Since Hb contains 3.46 mg of iron per gram of
Hb, each ml of blood loss (Hb 15 mg/dl) results in the
depletion of a half mg of iron.® In addition, iron overload
due to excessive intake from diet or supplement also has
serious health consequences due to generation of reactive
oxygen species by free iron.>'?

Due to these well characterized side effects of iron,
consumers have been interested in a safer iron sup-
plement other than iron-salt products, such as heme-iron
product. Very recently, we have reported that a heme-
iron product produced in Korea is soluble over a wide-
range of pH, whereas a heme-iron product imported from
Japan is insoluble, and that the two products have
different physicochemical properties.“) As a continuation
of that study, a clinical study was performed to compare
the absorption efficiency of heme-iron and iron-salt
products available in the Korea market.

MATERIALS AND METHODS

1. Materials

Heme-iron polypeptide (HIP) products were obtained
from Advanced Biochemicals, Inc (Jeon-Ju, Korea) and
Ito Chemical Co. (Japan). Ferrous aminoacetate was
purchased from Hyundai Pharmaceuticals Corp. (Korea)
and glucose (placebo) from Ashland Nutritionals (Irvine,
CA). All preparations were put into opaque gelatin
capsules.

2. Subjects

The study design was approved institutional review
board of Chonbuk National University. Subjects (24 males
and 32 females) were all healthy volunteers, ranging
between 22 and 58 years of age. After reading and
signing informed consent, subjects fasted from 8 p.m.
in the evening prior to testing, and upon arrival in the
morning, 5 ml of blood was drawn. They immediately
thereafter consumed a standard meal and test dose of
iron. The basal iron content of the meal was not
determined. After eating the meal, the subjects continued
fasting and blood was drown after 3 and 5 hours. Each
subject received, in a double blinded randomised fashion,
12 mg of HIPk iron or 12 mg of HIj iron, 12 mg of iron
as ferrous aminoacetate, 100 mg of iron as ferrous
aminoacetate or placebo (12 mg glucose). In the separate

Table 1. General characteristics of subjects
HIPK" HIj” Fe’, 12mg Fe, 100mg Placebo Total

Sex Male 7 0 6 5 6 24
Female 7 4 7 7 7 32
Total 14 4 13 12 13 56

Age 20-~29 3 2 3 3 5 16
30~39 8 2 8 7 6 31
40~49 1 0 1 1 1 4
50~59 2 0 1 1 1 5
Total 14 4 13 12 13 56

V" Heme-iron polypeptide product in Korea
Heme-iron product in Japan
» Ferrous amminoacetate

experiments, either female subjects (32 females), aged
22-35 years old, were pre-screened to determine serum
iron levels and the subjects who had low level of serum
iron (<80 pug iron/dl) were separately grouped in a
blinded and randomised fashion to evaluate iron absorp-
tion efficiency (Table 1).

3. Measurement of Serum Iron Concentration

For assessing iron absorption, we modified the method
of serum iron technique.lz’m The time intervals for
drawing blood were selected on the basis of the reports
by Ekenved e al.'*"

Blood samples were allowed to clot in siliconized
tubes, centrifuged, and then the serum was collected.
Serum iron was measured at O, 3, and 5 hours post
ingestion using a standard assay (Sigma Chemical, St.
Louis, MO).

4. Statistical Analysis

Data from individual experiments were expressed as
the mean * standard deviation. All statistical analyses
were performed using SPSS software. Differences within
the groups were separated using Duncan’s multiple test
and student t-test at p<0.05.

RESULTS

1. Intake of HIPk, but not Iron-Salt, Increases
Serum Iron Levels

Figure 1-shows the average changes in serum iron
concentrations of two groups. The HIPk group exhibited
a gradual increase in serum iron levels up to 5 hours
after the intake of 12 mg iron from HIPk. In contrast,
the levels of serum iron in the placebo group were
sharply decreased with time. The iron levels in the
iron-salt group (12 mg ferrous aminoacetate) were
maintained the initial level for the first 3 hours and then
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Changes in serum iron level (ug/dl)
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Fig. 1. Average change in serum iron for all subjects at 3 and 5
hours

Values are mean t standard deviation.

Symbols with different superscript letter are significantly different at p<0.05
by Duncan’s multiple-range test.

Closed triangles (A); HIPk 12 mg, Open triangles (A); ferrous aminoacetate
12 mg, Closed circles (@); placebo, Open circles (O); ferrous aminoacetate
100 mg
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Fig. 2. Average change in serum iron for subjects of the normal
status and the low status at 3 and 5 hours following intake
of HIPk (12 mg)

* significant difference at p<0.05 by student’s t-test
Normal status (A; closed triangles); 80-200 g/dl (n=4), Low status (@; closed
circles); less than 80 ug/dl (n=3)

decreased after 5 hours. These results suggest that HIPk
absorption is far better than iron-salt absorption and is
gradually absorbed throughout the experimental period.
Interestingly, the average of initial serum iron level in
male subjects was approximately 185 /£g/dl whereas the
average iron level in female subjects was 95 pxg/dlL
Approximately 33% of female and 4.5% of male subjects
had low serum iron levels (<80 zg/dl). On the other
hand, the iron-salt group which took 100 mg iron as
ferrous aminoacetate showed variable results: serum iron
level was slightly increased (n=3), 5- to 8-fold or 2- to

Fig. 3. Comparison of solubility of HIPk (A) and HIj (B)

Heme iron products (10 mg) were mixed with 10 ml water. Photos were taken
at 10 min after shaking

3-fold (n=2) as compared to the initial serum iron levels.

2. Iron Absorption Correlates with Serum Iron
Level

Heme-iron is absorbed through the binding to a
specific heme receptor and the absorption is regulated
depending on the iron saturation in the body.“s) There-
fore, we compared the iron absorption efficiency in
subjects with low serum iron level (<80 pg/dl) and
subjects with normal serum iron level (>100 pg/dl). The
subjects with low initial serum iron levels had drama-
tically increased serum iron levels at 3 hours after HIPk
intake and the iron level was maintained up to 5 hours.
The subjects who had normal initial iron levels did not
show any significant increase in serum iron levels, and
maintained the initial serum iron levels (Figure 2).

3. Solubility of HIP is an Important Factor for
Iron Absorption from Heme-Iron

We have very recently reported that the solubility of
HIPs available in the Korea market vary in water-based
solutions with wide range of pHs."” HIPk made in Korea
was soluble and HIj imported from Japan was not.
Therefore, we decided to compare the iron absorption
efficiency of these two products. Female subjects (aged
25-35 years old) were pre-screened for serum iron levels
at 4 hours after taking the same meal provided in the
previous study. The 12 subjects with low serum iron
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Fig. 4. Average change in serum iron for all subjects after 3 and
5 hours

Values are mean * standard deviation.

Symbols with different superscript letter are significantly different at p<0.05
by Duncan's multiple-range test,

Closed niangles (A); HIPk 12 mg, Open triangles (4A); Hj 12 mg, Closed circles
(®); placebo

levels (<80 p2g/dl) were divided into 3 groups as 12 mg
iron of HIPk (n=4), 12 mg iron of HIj (n=4), and placebo
(12mg glucose, n=4). Consistent with the previous
findings,'” HIPk was soluble in water but HIj was not
(Figure 3). Iron absorption of the women (20 to 35 years
old) who had low levels of serum (<80 ug/dl) was
significantly greater for HIPk than for HIj (Figure 4).

DISCUSSION

A very recent study demonstrated that a specific
receptor for heme is expressed in the duodenum and
liver'” and that the receptor regulates heme-iron
absorption. Thus, when the iron levels in the cells are
saturated, iron absorption is limited. On the other hand,
iron-salts are also absorbed in the duodenum through
non-selective ion transporters, which cannot regulate
metal ion absorption.'” In this study, we investigated the
efficiency of iron absorption from HIPk, Hij or ferrous
aminoacetate using same dose of iron (12 mg/dose). The
results have revealed that iron absorption from HIPk was
significantly greater than that from HIj and iron-salt, and
that the iron absorption in the subjects with low serum
iron levels was significantly higher in subjects who were
given HIPKk, but not Hlj or iron-salt than the subjects
with normal serum iron levels. In contrast, no differences
were found with the iron salt. We have also found that
the serum iron levels were higher in men than in women
{men 185 pg/dl, women 95 2 g/dl). Our results also re-

viewed that in women, approximately 33-40% of the
subjects had serum iron levels <80 x2g/dl. Moreover, low
serum iron levels were more severe in young women
(<40 years old) than aged women (>50 years old). These
observations indicated that women need to take pre-
cautions against iron deficiency.

One of the interesting findings was that iron absorption
from HIPk was controlled depending on iron status. After
taking HIPk, the serum iron level was greatly increased
in subjects with low level of serum iron, but not in
subjects with normal level of serum iron. Supporting our
observations, studies using HIP products have shown that
administration of 6-7 mg of iron in HIP per day increases
iron parameters including ferritin values in the subjects
who are at risk for iron deﬁciency.”'lg) Previous studies
using radiolabeled Hb have suggested that iron absorp-
tion from these preparations is also controlled by iron
stores, but not inhibited when taken with a meal.™ Taken
together with our findings, we suggest that the regulation
of iron absorption from HIPk does occur and thus,
continual supplementation of HIPk does not lead to iron
overload,

Our results have indicated that the absorption of iron
from iron-salt was inefficient and was not controlled. Our
results are supported by a previous report that showed
5% absorption from iron salt.” Our results also showed
that although the intake of 100 mg iron as iron aminoace-
tate showed increased serum iron levels, in some sub-
Jects, the level was increased more than 5-fold, reaching
above 400 1 g/dl. Therefore, we suggest that the overuse
of iron-salt supplements may cause iron-overload. A
number of studies have demonstrated that iron-overload
can produce reactive oxygen species‘g’m’n’zz) The inor-
ganic iron supplements are transported through divalent
metal transporter, which transports many metal ions
nonspecifically.5) Iron-salts are relatively inexpensive but
side-effects of these iron supplements are well re-
cognized. The side effects include constipation, nausea,
and gastrointestinal disturbance,”™ It is also known that
taking iron-salts with a meal decreases iron bioavaila-
bility, due to interactions with numerous food com-
ponents.**”

Heme-iron products are generally produced by the
digestion of Hb with proteclytic enzymes. Depending on
the digestion conditions, enzymes used, and drying
method, the properties of heme-iron can be altered.
Especially, the solubility of the heme-iron product is
greatly affected by the conditions mentioned above and
determined by peptides associated with the heme-iron
molecule. Our very recent studies with HIP products
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available in Korea have revealed that HIP produced in
Korea is soluble in aqueous solutions with wide pH
rangcs.“) In contrast, HIP imported from Japan is
precipitated in these aqueous solutions. Our results,
obtained from subjects with low level serum iron levels,
revealed that HIPk was absorbed efficiently whereas HIj
was not. The heme-iron molecule and heme moiety are
very hydrophobic and thus do not dissolve in water-
based solution: heme-iron molecule has been mixed with
arginine or amino acids or BSA to make it soluble in
aqueous solution.””" Heme-iron is transported into cells
by a specific transporter expressed mainly in duodenum
and liver.”” Thus, a heme-iron product should be soluble
to be transported into cells through the heme receptor
following binding to the receptor. Accumulation of iron
in the digestive track could cause the generation of free
radicals that induce gastrointestinal discomfort or inflam-
mation.

In summary, the absorption of iron in HIP is far more
efficient than iron salt. It also appears that the solubility
of HIP is critical for absorption since iron uptake from
water soluble HIPk is far greater than water insoluble
HIj. Moreover, our results indicate that heme-iron
absorption is regulated by iron status through a heme
receptor, whereas iron-salt absorption is unregulated.
Therefore, controlling iron salt intake may be necessary
to prevent iron-overload.
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