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SUMMARY. This paper summarizes several studies which describe 
significant increases in the intestinal absorption of iron from iron 
amino acid chelate compared to inorganic iron salts. While these 
increased uptakes of iron from the amino acid chelate into mucosal 
tissue are highly significant, this paper also demonstrates that there 
is a mechanism in the mucosal tissue which controls the quantity 
of iron from the amino acid chelate that is transferred to the plasma. 
For example, the higher the hemoglobin value, the less iron 
transferred. When considered together these studies demonstrate 
that iron amino acid chelate is both a safe and effective source of 
iron for treatment of iron deficiencies.
Key words: Ferrochel, absorption mechanism, iron deficiency 
anemia, iron deficiency, hemoglobin.

Iron, as a therapeutic agent, was first documented about 
2735, B.C., when it was declared by the Chinese Emperor, 
Shen Nung, as a cure for “anemia.” (l). The ancient Greeks, 
Romans, Byzantines, and Arabs began consuming iron to reverse 
sym ptom s o f  anem ia about 1500 B .C .(2). In the sixteenth 
century, M onarde proposed a relationship between iron and 
blood (3). Lemery and Geoffroy subsequently demonstrated 
the presence o f iron in the erythrocytes (4). In the 1700’s, 
Sydenham employed iron as a specific therapy for “chlorosis,” 
a term he used to describe iron deficiencies. Symptoms of this 
malady included pallor, edema, muscular weakness, headache, 
rapid pulse, dyspnea, prolonged sleep, and cessation o f the 
m enses. A lthough iron becam e an accepted treatm ent for 
chlorosis, it was not until 1886, that Zinoffsky discovered that 
equine hemoglobin crystals actually contained 0.335% iron. 
Subsequently, in 1893, Stockman demonstrated that ingestion 
o f iron increased hemoglobin in women (5). In parallel research, 
M enghini reported that administration o f oral doses of iron 
augmented total red blood cells (4).

Iron is not only an essential com ponent o f erythrocyte 
hem oglobin for the transfer o f oxygen and carbon dioxide, 
but it also has an im portant function or functions in every 
other cell o f  the body. For exam ple, iron in either the hem e 
or nonhem e form plays im portant roles in cellular metabolism 
and grow th due to its enzym atic  involvem ent in energy 
production and DNA synthesis. Som e other equally essential 
but frequently overlooked functions include catalyzing the 
conversion of carotene into vitamin A, the synthesis o f purines

RESUMEN. Absorción y metabolismo del hierro aminoquelado.
Este artículo resume algunos artículos que describen incrementos 
significativos en la absorción del hierro aminoquelado comparado 
con la absorción de sales inorgánicas de hierro. También se 
demuestra la existencia de un mecanismo en la mucosa intestinal 
que controla la cantidad de hierro aminoquelado que es transferida 
al plasma. Por ejemplo, a mayor nivel de hemoglobina, menor 
cantidad de hierro es transferida al plasma. Considerados en la luz 
de los estudios discutidos, se demuestra que el hierro aminoquelado 
es una fuente segura y efectiva para el tratamiento de la deficiencia 
de hierro y la anemia ferropriva.
Palabras clave: Ferrochel, mecanismo de absorción, anemia 
ferropriva, deficiencia de hierro, hemoglobina.

into nucleic acid, the synthesis o f carnitine to transport fatty 
acids, synthesis o f collagen, its participation in antibodies, 
and the m etal’s involvem ent in detoxication o f drugs in the 
liver (6). Ponka, et al., have postulated that, since iron is a 
co facto r in num erous ce llu la r enzym atic  reactions, it is 
essential for the evolution o f  aerobic life on earth (7).

An adult male body contains about 50 m g Fe/kg o f  body 
weight, whereas a fem ale adult body contains about 35 mg 
Fe/kg (8). Over two thirds o f this iron is concentrated in the 
blood, prim arily in hem oglobin. A bout 3% o f the hem e iron 
resides in the m uscles as m yoglobin. The rem ainder o f the 
functional iron is found in specific enzym es of every living 
cell due to  the essentiality o f  iron for cellular respiration (6).

Iron is found in abundance on our planet and, relative to the 
nutritive am ount required by man, is theoretically plentiful. 
In spite o f this natural abundance, iron deficiency anemia is 
still the largest single nutrient disease affecting the world today 
(9-12). It is estim ated tha t m ore than 500 m illion people 
throughout the world suffer from severe iron deficiency anemia 
(13). In some geographical areas, as high as 58% of the young 
healthy women have been found to be iron deficient, with the 
percentages of deficiency being even higher during pregnancy (14).

This w orldw ide deficiency is, in part, a result o f  diet. 
T he av a ilab ility  o f  iron  from  m any fo o d s is very  low. 
Generally speaking, no m ore than 5% o f vegetable iron is 
absorbed, and while the absorption o f iron from meat, poultry, 
and fish m ay be som ew hat higher, significant w orldw ide 
consum ption o f animal proteins is lim ited to  the m ore affluent
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(15). Consum ption o f  certain foods, such as coffee or tea, 
will generally  reduce iron absorption. The phenols in the 
tea, fo r exam ple, bind dietary iron and render it insoluble. 
Phosphates, phytates, and bran  will inhibit iron absorption, 
sim ilarly (16,17). Conversely, organic acids, such as ascorbic 
acid, (16) am ino acids, (6) or m eat protein, (18) will generally 
enhance absorption o f iron. Because o f  these and many other 
dietary factors, the variance in iron uptake may be as great 
as tenfold (19).

Besides diet, an individual’s iron status is also related to 
his or her needs. A ge and the sex will affect iron requirem ents 
and potential deficiency. O ther individual differences include 
p h y sica l ac tiv ity  ran g in g  from  su ffic ie n t ex e rc ise  to  a 
sedentary lifestyle, lactations, etc. (16).

The general health o f  an individual, as well as the drugs 
he or she is consum ing, is a third factor affecting iron status. 
T he u se  o f  o ra l co n tracep tiv es , asp irin , an tac id s, anti- 
inflam atories, anticoagulants, and steroids m ay all increase 
the risk o f iron deficiency. Diseases o f  the gastrointestinal 
trac t, in c lu d in g  cancer, hem o rrh o id s, o r gyneco log ica l 
diseases, such as intrauterine fibrosis, will result in a greater 
risk o f iron deficiency due to  increased iron requirem ents 
ancl/or an increased inability to efficiently absorb iron (20). 
Illness associated with a fever may also reduce iron utilization, 
even if  the iron is absorbed. This was shown in an experim ent 
on the nutritional response to  infection. W ithin hours after 
inoculation, iron levels began to decline in the plasm a and 
accum ulate as hem osiderin, primarily in the liver. Throughout 
the period o f  infection, this iron rem ained sequestered. Its 
incorporation into new hem oglobin was blocked throughout 
the in fection and absorbed iron  w as sequestered in body 
storage depots (21).

F inally , the  so c ia l-eco n o m ic  h ab its  o f  a popu la tion  
including custom s, religious practices, attitudes, etc., may 
affect the iron status o f the m em bers o f the group. Included 
in this category is the living environm ent o f  the group (20).

Because o f  the global m agnitude o f  iron deficiency, and 
because a dietary supplem ent is unavailable to the m ajority 
o f the population, many governm ents have m andated iron 
fortification o f  basic foods (22,23). Frequently, however, in 
order to  retain palatability and retard oxidation o f  certain 
food com ponents, the iron salts selected for fortification have 

’had low  solubility. Low solubility generally equates to low 
bioavailability (24,25). For example, ferrous fumerate, ferrous 
glycine sulfate, ferrous sulfate, ferrous citrate, ferrous tartrate, 
ferrous pyrophosphate, ferric coline citrate, ferric sulfate, 
ferric citrate, and ferric ethylenediam inetetraacetate showed 
decreasing degrees of iron absorption, respectively, with the 
ferric com pounds being absorbed at less than half o f the first 
three ferrous sources (26). Increasing iron levels in a meal 
does not proportionately increase iron absorption. The mean 
absorption o f nonhem e iron has been reported to decrease

from  18% to 6.4%  as the nonhem e iron content o f  the meals 
was increased from  1.52 m g to 5.72 m g.(27). A lthough 6.4% 
of 5.72 mg is higher than 18% o f 1.52 m g (0.37 mg versus 
0 .2 7  m g ), th e  am o u n t o f  in c re a se d  a b so rp tio n  is  no t 
p roportional to  the increased  dose. It is, in  fact, greatly 
suppressed. Increasing doses o f  unprotected iron is, thus, 
far m ore likely to elicit toxicity, than significantly increasing 
absorbed iron.

In order to enhance iron bioavailability and still avoid 
interactions with food ingredients, chelating iron with amino 
acids has been em ployed. Chelation was first described in 
1893, when W erner wrote, “If  we think o f  the metal ion as 
the center o f the w hole system , then we can m ost simply 
p la c e  th e  m o le c u le s  b o und  to  it a t th e  c o rn e rs  o f  an 
octahedron”(28). In 1920, M organ and D rew  applied the 
nam e, “chelate” to the m olecule described by W erner (29).

N ot all chelates have the sam e biological consequences. 
Chelates can be produced that have little or no nutritional 
value. A  nutritionally viable iron am ino acid chelate must 
have a stability constant that is h igher than the potential 
form ation constants w hich w ould resu lt if  the iron w ere 
che la ted  or com plexed  to  the food  ligands found  in the 
stom ach and intestines (30). This is necessary for the original 
chelate to rem ain intact in the gastrointestinal tract prior to 
absorption. I f  the chelate dissociates in the gut, it has no 
m ore value than ionized iron from  a soluble salt. The stability 
constant should also be high enough to allow the chelate to 
cross the intestinal cell m em brane into the cytoplasm , and 
yet be low enough that the cytoplasm ic ligands are capable 
o f  removing the iron from  the absorbed am ino acid chelate 
by com plexing with the absorbed iron. In this fashion, the 
ra te  o f  delivery to  the target tissue o r enzym e from  the 
m ucosal cell is controlled (31).

A stability constant indicates logarithm ically the affinity 
o f a metal to bond with a ligand. A  ligand with a potentially 
higher stability o r form ation constant will displace a metal 
from  a ligand with a lower stability constant. The strength o f 
a  stability constant is dictated by the num ber o f  m em bers in 
the chelate rings (5- and 6- m em ber rings being m ost stable), 
the num ber of rings, form ed with a single cation, the basic 
bonding strength o f the ligand(s), the size and charge o f the 
ligand(s), the metal being chelated, the resonance effect o f 
the chelate ring, and the steric orientation o f  the rings (32). 
In  vitro  and in v ivo  stud ies have dem onstra ted  tha t the 
A lbion®  iro n 'am in o  acid chelate developed v ia patented 
technology and described in this paper appears sufficiently 
strong to pass through the acid pH  o f the stom ach into the 
duodenum  and still provide reasonable protection o f  the iron 
from  unw anted chem ical reactions with dietary phosphates, 
phytates, fiber, etc. (33). Radioactive isotope studies have 
dem onstrated that once the iron am ino acid chelate has been 
absorbed into the m ucosal tissue, its stability constant is low
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enough to allow hydrolyzation o f the chelate with subsequent 
transport o f the iron to tissues (34).

To form  such an iron am ino acid chelate, each amino acid 
o r ligand , m ust furnish  at least tw o reactive m oieties to 
com bine with the iron atom. The carboxyl group (COOH) o f 
the ligand form s an ionic bond with the cation, whereas the 
alpha-am ino group (NH2) donates an electron pair back into 
a vacant d-orbital o f the m etal ion, thus form ing a coordinate 
covalent bond (35). Each am ino acid ligand form s two bonds 
with the iron ion to produce a stable 5-m em ber ring with the 
iron atom being the closing m em ber o f the ring (36). The 
two ligands tend to orient them selves in the least sterically 
hindered conform ation possible and are tied into the m etal at 
u n ifo rm  te tra h e d ra l  a n g le s  (F ig u re  1) (3 7 ,3 8 ) . T h is  
configuration provides a degree o f protection to the iron by 
lim iting its reactivity  with d ietary com ponents. The sam e 
ligands that pro tect the cation from  reacting with dietary 
substances also reduce the potential for gastric irritability of 
the iron on the mucosal lining because the cation is less likely 
prevented from  com ing in contact with the m ucosal lining 
by the am ino acid ligands.

FIGURE 1
Iron am ino acid chelate com posed of 2 glycine m olecules 
to 1 iron atom  drawn to depict the tetrahedral relationship 

o f the bonds o f carbon, nitrogen, and the iron and the 
resulting perpendicular orientation o f  the two ring 

structures. This figure is based on com puter generated 
m odels resulting from  X -ray diffraction analysis o f metal 

amino acid chelate crystals

Because an iron am ino acid chelate is a different form  of 
iron m olecule com pared to a non-hem e salt, the absorption 
characteristics o f  an iron am ino acid chelate are also different, 
as dem onstrated in a  study involving 10 adult m ale volunteers. 
Each was given 1.5 pCi 59F e S 0 4 and 3.0 pCi 55Fe am ino acid 
chelate sim ultaneously in lOOg o f dry cornm eal which was 
fed as a breakfast porridge. N either isotope source o f  iron 
affected the absorption of the other. Absorption o f iron from  
F e S 0 4was 1.34% com pared to 8.68%  for the chelates. The

difference was highly significant (p<0.0001). The investigator 
concluded, “there was no exchange between the 59F e S 0 4 and 
Ferrochel [55iron am ino acid chelate] in the intestinal pool 
or before entering the m ucosal cell. I f  the F e S 0 4 and the 
[iro n  a m in o  a c id ]  c h e la te  e x c h a n g e d  iro n  b e tw e e n  
themselves, the sam e proportion o f  label would be absorbed 
from  both com pounds. However, [iron am ino acid chelate] 
is consistently absorbed about 5.3 times m ore than F e S 0 4, 
and this is not m odified by the sim ultaneous m ixing with 
F e S 0 4. The [iron am ino acid chelate] is probably entering 
the m ucosal cell as a chelate. A lthough no subjects in this 
experim ent were iron deficient, the results also suggest that 
iron absorption from  the [chelate] and ferrous sulfate was 
regulated similarly by iron status” (24).

For an iron am ino acid chelate to be absorbed into the 
m ucosal tissue, it m ust be a  low  m olecular w eight chelate. 
K ra tze r and V ohra c ite  the  u p p e r lim it fo r  th is  in tac t 
absorption o f chelates as being 1,000 daltons (31). Tiffin 
reported that the am ino acid chelate m ust have a m olecular 
weight o f less than 1,500 daltons if  it is to be absorbed in 
humans. The iron am ino acid chelate described in Figure 1 
has a m olecular w eight o f less then 800 daltons (40).

G e n e ra lly , m o re  iro n  can  be a b s o rb e d  fro m  the  
gastrointestinal tract into the m ucosal cell as a chelate than 
as a salt because, as dem onstrated above, the rate o f uptake 
for the two sources of iron is different (34). Once absorbed 
into the m ucosal tissue, the body regulates how  m uch is 
transferred to the plasm a, thus preventing iron overload and 
toxicity. This regulation is seen in a double blind cross-over 
study in which seven (7) adult m ales and five (5) females 
ingested 18 m g Fe/day as ferrous sulfate for seven (7) days, 
had a w ashout period o f seven (7) days, and then received 
18 mg Fe/day as an am ino acid chelate for seven (7) days. 
M ean absorption o f  the iron am ino acid chelate was 59% 
greater than that o f the ferrous sulfate source, as determ ined 
by fecal analysis (47). The percent o f  increased absorption 
o f the iron am ino acid chelate com pared to F e S 0 4 was highly 
significant (p<0.001) in m ales (7.24%  ±  2.2%  vs. 12.7% ±  
3.6% ) and significant (p = 0.02) in fem ales (13.8%  + 1.8% 
vs. 18.2% ± 3 .7 % ) (42). Regression analysis dem onstrated 
that both iron com pounds follow ed the sam e absorption 
pattern  and w ere possib ly  sub ject to the sam e type o f  
regulation (R2 =  0.9411 with slope =  0.8445 and intercept = 
7.6) (41).

This process o f  absorbing the iron am ino acid chelate 
into the mucosal cell can be described as R 0+Fe-C —JFe C 
(R)^—>Fe-C (R)—>Fe+C+Ri, w here C  is the ligand, and R is 
the receptor inside (i) or outside (o) o f the cell m embrane. 
If  C is m etabolized in the cytoplasm , or if  the pH  is changed 
while Fe is still attached to C, then the iron uptake into the 
cell is irreversible (24,30).

The hydrolysis o f absorbed iron am ino acid chelate within
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m ucosal tissue is clearly dem onstrated in a double isotope in 
vitro study (34). In this study, replicated five tim es, jejunal 
tissue was rem oved from  Sprague-Dawley rats, washed, and 
everted. The ends w ere tied off and the intestines were placed 
in m ucosal solution baths. Serosal solution was injected into 
the everted  in testines. 59Iron chela ted  to  14C -lysine was 
in jected  in to  the m ucosal so lu tion  bath ing  each  everted 
intestine. The ratio o f  iron to lysine in the mucosal solution 
was 1:2.7. Samples o f  the serosal solution were removed 
hourly for five hours, and each sam ple assayed for 59Fe and 
14C. The m ean ratio o f iron to lysine in the serosal solution 
dropped from  w hat it had been in the m ucosal solution to 
1:1.56 ±  0.65. A t the end o f the five hours, the everted 
intestines w ere also assayed fo r 59Fe and 14C, after being 
washed to rem ove external contam ination. The m ean ratio 
o f  iron to lysine in the m ucosal tissue was higher than what 
it had been in the m ucosal solution: 1:3.05 ±  0.049.

This study dem onstrated that there was a significant (p <
0.05) hydrolysis o f the iron am ino acid chelate as it passed 
from  the m ucosal solution through the m ucosal tissue before 
delivery o f  either the iron or am ino acid to the serosal solution 
(42). M ore lysine was retained in the m ucosal tissue than 
iron, indicating that som e o f  the 59Fe was separated from  the 
lysine after absorption into the tissue, and that iron was 
transferred by other m eans to the serosal solution without 
being bonded to the lysine. Less ly sine  was found in the 
serosal solution than in the mucosal solution, also indicating 
hydrolysis o f  som e o f the am ino acid chelate (34).

W hen hydrolysis o f the am ino acid chelate occurs within 
the m ucosal cell, then the m ovem ent o f the metal out o f the 
m ucosal cells and into body tissues is metabolically regulated 
sim ilarly to  the regulation of iron absorbed into m ucosal cells 
from  salts o r from  other food  sources. I f  there w ere no 
regulatory m echanism  in the m ucosal cells to control the 
transfer o f iron to  the plasm a, regardless o f the source, there 
w ould im m ediately  be iron over-loading and subsequent 
toxicity from  iron ingestion, regardless o f whether the iron 
originated from  food or from an am ino acid chelate.

This sim ilarity in regulation o f  iron transferred to the 
plasm a from  iron am ino acid chelate or F e S 0 4 is seen in a 
d o se -resp o n se  study  in  w hich  100 anem ic ad o lescen ts  
received either 120 m g o f  iron as F e S 0 4 (n=27), (or 120 mg 
o f iron (n=26), 60 m g o f iron (n=21), or 30 mg o f iron (n=26) 
as iron am ino acid chelate, daily, for 28 days (43). Each 
source and quantity o f iron was equally effective (p<0.01) 
in restoring the anem ic adolescents’ hem oglobin levels to 
n o rm a l (<11 to  < 1 3 .5  g /d L ) , im p ly in g  th e  g re a te r  
bioavailability o f  the iron am ino acid chelate com pared to 
fe rrous su lfate . W hen the changes in hem oglob in  w ere 
p lo tted , however, the slopes show ing these changes after 
treatm ent with the FeSO, or with different dose levels o f the 
iron am ino acid chelate w ere essentially the same, regardless

o f the quantity o f iron adm inistered (Figure 2). In each case, 
as hem oglobin levels increased, the uptake o f  iron, regardless 
o f the source, decreased (44). These sim ilar data suggest that 
all o f  the absorbed iron sources were regulated sim ilarly by 
the body after absorption.

FIGURE 2
Line graphs showing that the absorption o f iron from  three 
dosage levels o f am ino acid chelate or from  ferrous sulfate 

is directly related to the hem oglobin level

11 11.1 11.2 11.3 11.4 11.5 11.6

BASAL tB/IOGLOSN, g/dL

The transfer o f absorbed iron from  the m ucosal cells to 
the plasm a is controlled by the body’s iron need. After cellular 
hydrolysis, the iron is first delivered to plasm a transferrin in 
the mucosal cell, if  the body has an im m ediate need for iron. 
Each transferrin m olecule can bind to  tw o atom s of iron. 
W hen approxim ately 33% o f the transferrin is saturated with 
iron, it will not pick up any m ore iron. The rem aining ferrous 
iron is oxidized to ferric iron. This iron rem ains com plexed 
to ferritin within the mucosal cells until transferrin calls for 
m ore iron. The iron is then released from  the ferritin through 
reduction o f the ferric iron to ferrous iron and is subsequently 
bonded to transferrin in the blood (6).

The m ucosal cells aggressively conserve iron that is not 
immediately required by the body, the iron being “trapped” 
in the mucosal cell. This could potentially result in toxicity 
w ith in  the  m u c o sa l tis su e  i f  the  iro n  re m a in e d  th e re  
indefinitely. N ature has, however, devised a plan to rem ove 
this non-transferred iron from the intestinal tissue. M ucosal 
cells m igrate up the intestinal villus from  the crypt, the site 
o f their form ation, to  the tip o f the villus, replacing older 
cells as they m ove towards the villus tip. A fter three to four 
days, these cells (and their iron, if  it has not been transferred 
to the plasm a) will reach the top o f the villus w here they will 
be sloughed off and excreted in the feces (6).

I f  all iron  absorbed  into m ucosal tissue is generally  
h an d led  and reg u la ted  s im ila rly , w hat, i f  any, are the 
advantages o f ingesting the iron in the form  o f an am ino acid 
chelate?. There are two basic advantages. The first is that the

120 mg FeAAC 

—♦—  30 mg FeAAC 

—• — 60 mg FeAAC 

—* — 120 mg Fe Sulfate
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am in o  ac id  c h e la ted  iron  is n o t as reac tiv e  w ith  food  
in g red ien ts , w hich  leaves m o re  o f  the iron  p o ten tia lly  
available for absorption. The second advantage is that the 
iron am ino acid chelate is absorbed into m ucosal cells in 
g rea te r  q u an titie s , due , in p a rt, to  en te rin g  in to  few er 
absorptive inhibiting reactions in the gut. The greater am ount 
o f absorbed iron is o f great im portance when iron deficiency 
or anem ia exists. In these cases, m ore iron is m ade available 
for repletion o f the iron need. These advantages are exam ined 
in greater detail below.

W hen dietary iron is ingested with phytic acid, bran, etc., 
the form ation o f  an insoluble precipitate may leave the iron 
unavailable for absorption (45). In those cases, the iron is 
simply elim inated in the feces as part o f a phytate, oxalate, 
p h o sp h a te , e tc . T h e re  is le ss  lik e lih o o d  o f  in so lu b le  
com pounds form ing when that iron is ingested as an amino 
acid chelate because this form o f  iron is shielded by the am ino 
acid ligands o f the chelate and is m ade electrically neutral 
by the charge balancing effects o f the chelating ligands. To 
illu stra te , an ex p erim en t w as dev ised  in w hich cook ies 
con tain ing  know n iron absorption  inh ib ito rs (bran fiber, 
phytates, phosphates, phenols, and tannins) and 30 m g of 
iron as an am ino acid chelate w ere fed to 10 anemic children. 
Blood sam ples from  each child before and after treatm ent 
were obtained by venipuncture and assayed for hem oglobin. 
Each child then received one o f the above described cookies 
per day, for 30 days. There was a significant (p<0.01) increase 
in the m ean hem oglobin level o f the group as the hem oglobin 
rose over the 30 day study from  8 g/dL to 10.1 g/dL, even 
though the iron am ino acid chelate was com bined with a 
m ultitude of dietary iron absorption inhibitors (41).

The sam e characteristics that reduce the reactivity of the 
iron am ino acid chelate in food also reduce its oxidative effect 
on other food ingredients, such as vitam ins (25,46). W hen 
the iron am ino acid chelate was stored with vitamins A, D3, 
tocopherol, K, ascorbic acid, niacinam ide, biotin, folic acid, 
and pyroxidine at 20°C, the degradation o f these vitam ins 
was significantly less (p<0.01) at 180 days, than when stored 
with iron sulfate under the sam e conditions. A t a tem perature 
o f 37°C, the differences between the two sources o f iron on 
vitamin oxidation were even m ore significant (p<0.001). The 
iron  su lfa te  fo rm  s tim u la ted  m ore  rap id  ox id a tio n  and 
inactivation o f  the vitam ins com pared to the iron am ino acid 
chelate.

B e sid e s  b e in g  le s s  a f fe c te d  by  d ie ta ry  a b so rp tio n  
inhibitors, the absorption o f the iron am ino acid chelate is 
not inhibited by the presence o f other m inerals in the diet 
(47-49). For exam ple, normally, ionic iron and ionic copper 
are mutually antagonistic in the small intestine where a high 
dietary level o f either will reduce the absorption o f the other 
(50-55). This antagonism  can be manifested as a decrease in 
hem oglobin values (56).

The lack o f copper and iron antagonism  as am ino acid 
chelates was seen in a double blind study involving 30 healthy 
nonanem ic adult volunteers divided into three groups (5 
m ales and 5 fem ales/group). Blood sam ples w ere obtained 
by venipuncture at the com m encem ent and conclusion o f 
the study, and assayed for hem oglobin (57). One group each 
received 30 mg Fe/day. The second group each received 9.9 
mg Cu/day. The third group each received 30 m g Fe and 9.9 
m g Cu per day. Both the iron and copper were chelated with 
am ino acids. Daily supplem entation continued for 90 days. 
Changes in hem oglobin were analyzed statistically. As seen 
in Table 1, when the copper and iron were ingested as amino 
a c id  c h e la te s ,  th e re  w ere  no s ig n if ic a n t c h a n g e s  in 
hem oglobin, leading to the conclusion that there had been 
no antagonistic com petition betw een the iron and copper 
am ino acid chelates during intestinal absorption, due to both 
m etals being in the form  o f am ino acid chelates.

TABLE 1
M ean 90 day changes in hem oglobin (g/dL ± S.D.) 

following Fe and Cu am ino acid chelate supplementation

Group A 
(30 mg Fe/day)

Group B 
(9,9 mg Cu/Day)

Group C 
(30 mg Fe,

9,9 mg Cu/day)

Before
supplementation 13,90 ± 0,85 a 16,03 ±0,90 a 15,30± l,61a

After
supplementation 14,50 ±0,85 a 16,73 ±0,94 a 15,29+ 1,02 a

a Means not significant (p>0,10)

The second m ajor advantage of iron am ino acid chelates 
over iron salts is that the absorption o f  the chelates into 
mucosal tissue is greater, even under controlled conditions 
(58). In an in vitro study, replicated three (3) tim es, rat jejunal 
segments w ere random ized, washed, and then exposed for 
120 seconds to  identical gastric solutions containing iron 
from  either a sulfate, an oxide, a carbonate, o r from iron 
am ino acid chelate. The control tissue was not exposed to 
any iron source. A fter exposure, each jejunal segment was 
washed thrice to  rem ove external unabsorbed iron and then 
assayed by atom ic absorption spectroscopy for the quantity 
o f iron in the m ucosal tissue. The mean net absorption of 
iron into the m ucosal tissue (after subtracting the am ount o f 
iron in the control tissues) ranged from  4.7 to 7.2 tim es m ore 
fo r the am ino acid chelate than from  the inorganic salts 
(Figure 3).
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FIGURE 3
M ucosal tissue uptake o f iron after 120 seconds of 

exposure to iron from  an am ino acid chelate, carbonate, 
sulfate, or oxide mixed in gastric solution. The absorption 

represents the mean quantity o f three (3) replications

Iron Amino Add 
Chelate

Iron Carbonate

Although excess iron in the mucosal tissue will be lost as 
the mucosal cells m igrate to the tips o f the intestinal villi, 
nevertheless, greater deposition o f iron into the mucosal tissue 
potentially allows for a quicker recovery from iron deficiency. 
This is seen in a study in w hich twenty fasted 2-day-old 
anemic pigs (10 per group) were adm inistered a single oral 
dose o f  10 pg o f ?9Fe as either FeCI2 or as an amino acid 
chelate (59). The 59Fe was in the form o f 59FeCI,. This 59FeCI, 
was divided into two parts, and one part used to m ake the 
iron am ino acid chelate. Beginning one hour after dosing 
w ith  e i th e r  the F eC I2 o r iron  am ino  ac id  c h e la te  and 
continuing hourly for five hours, blood samples were obtained 
from  each pig, centrifuged, and the red blood cells washed 
and then assayed for 59Fe incorporation. Significantly more 
(p<0.05) iron from the am ino acid chelate was found in the 
red blood cells com pared to the chloride (Figure 4) (42).

FIGURE 4
M ean five hour incorporation o f 59Fe from iron amino acid 
chelate or ferrous chloride into washed red blood cells o f 

20 (10/group) two-day old pigs

A t the end o f 20 hours, all o f  the above pigs in both 
groups were sacrificed. W hole blood, livers, spleens, and 
bone marrows obtained at 20 hours were assayed for 59Fe. 
The 20 hour blood samples were also assayed for hemoglobin. 
The data summ arized in Table 2 dem onstrate that 59Fe tissue 
deposition from  the am ino acid chelate was significantly 
greater in the whole blood (p < 0.01) and red bone marrow 
(p<0.01). There was significantly less (p < 0 .10) 59Fe from 
the amino acid chelate in the liver, suggesting less toxicity. 
These data also indicated that m ore iron was absorbed from 
the chela te  in the 20 hour period and was im m ediately  
av a ilab le  fo r h em o g lo b in  p ro d u c tio n , w h ich  w as also  
significantly higher (p<0.05) (42).

A possible reason for the lower 59Fe liver levels observed 
in T ab le  2 is su g g e s te d  from  a s tu d y  c o n d u c te d  by 
Fairweather-Tait, et al (60) They fed two groups o f 16 each 
weanling male W istar rats a diet containing marginal levels 
o f iron for four weeks and then added 30 mg Fe/kg as ferrous 
sulfate or iron amino acid chelate to the food for 4 weeks. At 
the end of the second four week period all o f the animals were 
sacrificed and their livers removed for iron analysis by atomic 
absorption spectroscopy. Their blood was also analyzed for 
hemoglobin and packed cell volume. The mean hemoglobin 
concentration was significantly higher in the group fed the iron 
amino acid chelate (p<0.001), but there was no difference in 
the packed cell volume. These investigators concluded that 
most o f the absorbed iron from the chelate was immediately 
incorporated into the 13% increase in hemoglobin which they 
observed, rather than being stored in the liver. They also noted, 
that the amount of iron absorbed from the chelate source must 
have been far greater than was reflected in the increased 
hemoglobin in order to meet the anabolic needs o f the rapidly 
growing animals.

A  similar response to the iron am ino acid chelate can be 
seen in anemic human subjects. A group o f 40 infants (Hb < 
11 g/dL) were paired for age, sex, weight, and hem oglobin. 
A fter random assignm ent to 1 o f 2 groups, each was given 5 
mg Fe/kg body weight/day as F e S 0 4 or as iron am ino acid 
chelate for 28 days. Both treatm ents significantly increased 
(p < 0 .0 0 1 )  h e m o g lo b in  le v e ls , b u t on ly  th e  c h e la te  
significantly increased (p<0.005) serum ferritin. Calculated 
bioavailability o f the iron am ino acid chelate was 75.0%  
com pared to 27.8%  fo rF e S 0 4. As suggested by Fairweather- 
Tait, et al. above, this study also dem onstrated that the greater 
bioavailability o f the iron am ino acid chelate allows for the 
rapid incorporation o f iron into hem oglobin first, followed 
by a quicker rep le tion  o f depleted iron pools (i.e. serum  
ferritin) than is possible with F e S 0 4(61).

M ultiple regression analyses o f the hem oglobin changes 
in the above 40 infants dem onstrated that those changes were 
dependent upon the form  o f iron adm inistered as well as the 
hem oglobin level. H em oglobin increases were greatest when
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consum ing  iron am ino  acid  che la te , but the h igher the 
hem og lob in  value, the  lo w er w as the iron  ab so rp tio n , 
regardless o f the iron source. This suggested that in people 
with normal iron levels, there is little potential danger o f iron 
overloading or subsequent toxicity when consum ing foods 
fortified with nutritionally  appropriate  am ounts o f either 
FeSO, or iron am ino acid chelate.

A fter first satisfying hem oglobin requirem ents, the greater 
bioavailability o f the iron am ino acid chelate allows for a 
m ore rapid repletion of the tissue iron stores. This is seen in

a study in which two groups (N= 15/group) o f gestating albino 
rats were fasted for 24 hours and then orally adm inistered 
4.4 u C  59Fe as a single dose as either 59Fe am ino acid chelate 
or 59FeCI, mixed in 25 pL o f water (62). Approxim ately 72 
hours after dosing, or one day before expected parturition, 
all anim als were sacrificed and the ir tissues and fetuses 
removed, dried and assayed for 59Fe. Table 3 sum m arizes 
the results and dem onstrates significant increases in iron 
deposition in certain tissues

TABLE 2
Mean ±  S.D. hem oglobin levels and corrected counts per minute of 59Fe incorporated into pig

tissues 20 hours after oral dosing

Whole Red Bone
Blood Liver Spleen Marrow Hemoglobin

(59Fe ccpm/mL) (59Fe ccpm/mg) (59Fe ccpm/mg) (59Fe ccpm/mg) g/dL

FeAAC 402,7 ±90,7 3,3 ± ,54 8,5 ± 2,5 16,7 ± 5 ,6  11,7 ±2,7
FeCI, 292,3 ±61,2 4,7 ±2,1 7,7 ± 1 ,9  10,9 ±6,1 10,5 ±1,8
% Increase or
decrease ±37,8” -29,8a ±10,4 ±53,3c ±11,4
Chelate vs. Cl,

ap < 0 , 1 0 bp < 0 , 0 5 c p<0,01

TABLE 3
Mean 59Fe incorporation into tissues (ccpm/g dried tissue) 

from gestating rats and their fetuses

Tissue FeCI, Fe Amino 
Acid Chelate

% Increase 
AAC 
FeCI,

Uterus 3,333 4,926 48
Liver 8,167 9,675 18
Kidney 567 950 68
Spleen 134 325 143b
Heart 333 1,425 328b
Lung 1,367 2,925 114»
Fetus 16 46 00 oo

ap < 0,05; bp < 0,01 ; cp < 0,005

In spite o f the highly significant total increase in iron 
deposition into the fetuses from the chelate, no analysis of 
individual fetal tissue was conducted in the above study, due 
to the size o f the fetuses. Nevertheless, by com bining the 
data from the two non-isotope studies in pigs, a pattern of 
iron deposition from the m aternal blood into the fetus can be 
dem onstrated. In the first study, Brady, et aL, sacrificed one 
piglet at birth from each of 12 sows (6 control and 6 treated). 
Each m other had been fed 85 mg o f supplemental Fe daily in 
the feed as iron am ino acid chelate or FeSO, for four weeks4

before expected parturition. A t birth, the piglets farrowed 
from sows consum ing the iron am ino acid chelate had 34.9% 
more iron in their livers, 8.5% m ore iron in their spleens, 
and 3.2% more iron in their skeletal muscles. Hemoglobin 
levels were also 11.3% higher (63).

In the second pig study, Yam am oto, et al., also gave 
gestating sows 60 mg o f supplem ental Fe daily in the feed 
as e ither iron am ino  acid  che la te , o r fe rrous fum arate , 
com m encing four (4) weeks before expected parturition (64). 
At parturition, the newborn piglets from sows fed iron amino 
ac id  ch e la te  had s ig n ific a n tly  g re a te r  (p < 0 .0 1 ) m ean 
hem oglobin levels com pared to piglets from  sows receiving 
ferrous fumarate. Their mean hem atocrit values were also 
significantly higher (p<0.01), as were the mean increases in 
serum ferritin concentration (p<0.001).

W hen the data from  these two pig studies are com bined, 
it can be seen that greater placental transfer o f iron from the 
m other to the fetus occurs when the iron is ingested by the 
pregnant m other as an am ino acid chelate, and that greater 
am ounts o f iron are delivered to the fetus via m aternal blood 
which are subsequently stored in the iron pools o f the fetus 
for use after parturition. A fter birth the serum ferritin levels 
dropped dram atically in both groups as the piglets began 
producing hem oglobin to support their rapid growth rates. 
The chelate group, however, had serum ferritin values that 
were significantly (p<0.05) above the level o f the fumarate 
group. A t four (4) w eeks o f  age, the mean hem oglobin
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concentration in the chelate group was 14.9% higher (p<0.01) 
than in the fum arate group. N either group o f  piglets in these 
two (2) studies received supplem ental iron after parturation. 
The first study showed that m ore iron was stored in the piglets 
farrowed from  m others ingesting fron am ino acid chelate than 
equ iva len t am ounts o f  iron  from  salts. T his po ten tia lly  
allowed for greater hem oglobin production after birth without 
the need for supplem ental dietary iron, which the second 
study dem onstrated.

In summary, the absorption o f the iron as an amino acid 
chelate has been shown to be greater than iron absorption from 
salts, presum ably due to less chem ical reactions that can 
potentially interfere with iron absorption. The iron amino acid 
chelate is well absorbed, whereas the iron from the salt source 
may or may not be. Once absorbed into the mucosal tissue, the 
chelate is hydrolyzed, and the release of the iron into the plasma 
and the rest o f the body tissues and organs is regulated similarly 
to that of any other source o f iron. The amount of iron transferred 
to the body from the mucosal tissue is directly related to the 
body’s iron needs. Greater need results in greater transfer. The 
advantage o f the iron amino acid chelate over other sources of 
supplem ental iron is that its greater bioavailability into the 
mucosal tissue cells results in m ore iron being quickly and 
safely delivered to target tissues of the body in times of need. 
This potentially allows for smaller doses of supplemental iron 
being required to achieve physiological results, which can also 
result in fewer gastric com plaints and reduce risks o f iron 
to x ic ity  tind iro n  o v e rlo a d . A s the  ab o v e  d a ta  have 
demonstrated, iron deficiencies are less likely to occur when 
ingesting even small amounts of iron amino acid chelate because 
o f  its greater bioavailability.
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