Food iron absorption in

EDTA on absorption of dietary non-heme iron'

James D. Cook, M.D.? and Elaine R. Monsen, Ph.D.*

ABSTRACT

J. Clin. Nutr. 29: 614-620, 1976.

Chelates in the diet may have a major
effect on the assimilation of polyvalent transi-
tional cations such as iron. They can either
enhance or reduce iron absorption depending
on the stability constant, solubility at the
intraluminal pH of the intestinal tract, and
the ability of the iron-complex to penetrate
the mucosal barrier. Certain chelates such as
ascorbic acid enhance iron absorption by
forming an iron ascorbate complex at low pH
which remains soluble at the higher pH of the
duodenum and donates its iron to the mucosal
cell (1). The enhancing effect on iron absorp-
tion of certain amino acids such as cysteine
and histidine (2, 3) and reducing sugars such
as fructose (4, 5) has been similarly explained.
Other chelates can reduce iron absorption
either by forming complexes which are insol-
uble at the neutral pH of the small intestine,
e.g., ferric phytate (6) or which, although
stable, are very poorly absorbed, e.g., ferriox-
amine (7, 8).

EDTA is the most widely used synthetic
chelate of polyvalent cations incorporated
into the diet in the United States. The
purpose is to prevent oxidative damage to
food by free metals. EDTA is allowed in
certain foods at levels ranging from 25 to 800
mg/kg (9). For food items such as dressing,
mayonnaise, sandwich spreads, and sauces,
the amount of added EDTA is stated pres-

ently on the label but with other items such as

One hundred and eighty iron absorption tests were performed in 45 normal meng,
determine the effect of EDTA on the absorption of dietary non-heme iron. The addition of 50
EDTA to test meals containing 4.1 mg iron reduced absorption
meals of both high (standard meal) and low (semisynthetic
employing dual radioiron labels demonstrated complete isotopic exchange of ferric EDTA
dietary non-heme iron. Further studies were carried out to determine the decrease in food irgp
absorption at varying levels of EDTA. At a I:1 molar ratio b ‘
non-heme iron was reduced to 72% and at a 2:1 molar ratio, to 50% of absorption without EDTA(,
These levels of EDTA are within the range believed to be present in the United States diet. "
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revious report (10). The first of these was a standard
TD) meal which was considered to represent a typical
of ' American dinner. This meal, which contained lean beef,
i gornmeal, potatoes, bread, margarine, peaches, and ice
milk, was prepared and served as it would normally be
eaten. The total caloric and iron content of the meal was
§' cal and 4.1 mg iron, respectively.
fi The second basic test meal was a semisynthetic (SS)
’gﬁical prepared from purified dietary components in
smounts equal to the total contained in the STD meal.
Carbohydrate, fat, and protein were supplied as dex-
fimaltose, corn oil, and egg albumin, respectively.
Icium and phosphorus were added as inorganic salts
dibasic calcium phosphate and dibasic potassium phos-
ate). Iron as ferric chloride was added to bring the
tal iron content to 4.1 mg. In certain studies, iron
fbsorption was also measured from a standard reference
EF) dose of ifiorganic iron containing 3 mg iron as
“ferrous sulphate and 2 moles of freshly prepared ascorbic
id per mole of iron dissolved in 50 ml iron-free water.
expressing iron absorption from the various test meals
a ratio of absorption from the REF, the effect of
ferences in iron status of the subjects can be largely
minated (11).
The study was divided into 2 parts. In study 1 (19
gubjects) the effect of EDTA® on the absorption of
n-heme iron from the STD and SS meal was deter-
mined. In study 2 (26 subjects) the effect of adding
varying amounts of EDTA to the STD meal was
.examined. In both studies, four separate radioiron ab-
forption tests were performed in each subject. The
gosllowing general protocol was employed for these stud-
. Blood was initially obtained on the first morning of
study for measurement of background 5*Fe and 5°Fe.
est meal containing radioiron was then fed to fasting
jects between 8:00 and 9:00 AM and nothing further
mouth was allowed for 3 hr. In study 1, this meal was
,ubly labeled with 3*Fe and *°Fe whereas in study 2, test
Ieals separately labeled with 55Fe and *°Fe were ad-
nistered on 2 successive days. Iron absorption was
¢rmined from the radioiron content of blood drawn
g, days later. Two additional test meals tagged with
Bher *Fe or 5°Fe were administered on day 15 and 16
A the study. Iron absorption from these meals was de-
Mined from the rise in 5*Fe and 5°Fe activity in blood
Mained 14 days later.
g'casurements of **Fe and *°Fe radioactivity were
med on duplicate 5 ml blood samples and mea-
portions of the test meals. Samples were prepared
p1quid scintillation counting using a modification of
g Method of Eakins and Brown (12). Sufficient counts
¢, obtained on each sample to reduce the net counting
frerror for each isotope to less than +2% in subjects
Ribing more than 1% of the test dose. Blood volume
prcstimated from the height and weight of the subject
@ 2nd red cell incorporation of absorbed iron was
fmed to be 80% in all subjects (14). Because of the
ged distribution of iron absorption data, statistical
ysis was performed on the logarithmic scale. Statisti-
Mmparison of iron absorption from any two test
was performed by the Student’s ¢ test applied to
Ogarithms of absorption ratios. Serum iron and iron-
8 capacity were measured by established methods
16) and serum ferritin by a radioimmunometric
Binique (17).
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Results

Study 1 was designed to measure the effect
of 50 mg EDTA on food iron absorption and
to determine the extent to which iron in the
form of an EDTA complex exchanges with
the non-heme iron of the test meal. In the first
group of 9 subjects, studies were performed
with the STD meal as follows. For the first
test meal which contained double radioiron
tags, the potatoes were divided into two
portions. The first portion was tagged extrin-
sically by adding 0.1 mg iron as **FeCl,. To
the second portion 50 mg EDTA were added
which had been first mixed with 0.1 mg iron
as **FeCl;. The two portions of the potatoes
were then mixed together and fed with the
remainder of the STD meal. The third ab-
sorption measurement was performed 2
weeks later using the STD meal without
EDTA tagged extrinsically by mixing 0.1 mg
iron as **FeCl; with the potatoes. On the
following day the REF dose tagged with 55Fe
was administered without food.

The results of this study are listed in Table
1. Geometric mean absorption from the STD
meal containing no EDTA was 4.4% as
compared with the mean absorption of 11.6%
from the REF dose. The geometric mean
ratio of the STD/REF absorption was 0.38.
Absorption from the STD meal containing 50
mg EDTA and tagged extrinsically with
*FeCl, averaged 2.1%. This reduction in
absorption due to added EDTA (mean ab-
sorption ratio of 0.48 for the STD meal
with/without EDTA) was highly significant (z
= 3.64, P < 0.001).

This same study was performed in a second
group of 10 subjects using the SS meal in
place of the STD meal. For the first pair of
iron absorption measurements, the SS meal
was tagged extrinsically by adding 3.7 mg
iron as *°*FeCl;. After thorough mixing, 50
mg EDTA tagged with %°Fe as described
above was mixed with the meal just prior to
administration. Two weeks later, absorption
from the SS meal without EDTA and from
REF dose was measured as described above.

The results observed with the SS meal are
listed in Table 2. Iron absorption from the SS
meal containing no chelate averaged 1.3% as
compared with a mean of 17.6% absorption

* Disodium EDTA dihydrate was used in all studies.
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TABLE |

The effect of 50 mg EDTA on non-heme jron absorption from the STD meal

Trans-

Packed .

Sex ferrin Serum

No. age ;:g}] satur-  ferritin STD meal + EDTA STD REF SSFeCl,: lssgg
: ation \”Fm meal *FeEDTA

\OOO\IO\MAWN—

Trans-

== |
Packed b \_. 2
Mo e vol Sf:‘r‘r’]fn i _SSmeal + EDTA SSmeal REF el EdTass’ 4 3
- ation “FeCl, SFcEDTA “FeEDTA meal " ;‘
% % ng/mi % of dose : 6
1 M24 46.0 37 132 3 4 7 17.4 0.60 0.38 7
2 M27 46.1 52 147 S .8 4 2.3 0.67 120 8
3 M26 45.8 37 57 .6 .8 4.1 31.0 0.67 0.13
4 M27 448 32 101 7 7 4.8 28.5 1.04 0.14
5 M25 44.5 73 85 7 i 1.3 21.6 0.98 0.49
6 M22 49.0 4] 48 .8 1.0 I.1 225 0.81 0.69 -
7 M23 479 39 176 9 1.0 0.3 42.5 091 275 %
8 M23 45.3 27 47 1.0 1.1 1.0 30.1 0.86 0.94
9 M22 48.4 25 40 1.0 1.2 23 7.2 0.85 04327
10 Mi1s8 48 4 34 104 1.2 1.2 2.6 13.9 0.97 0.45
Mean 24 46.6 40 83 0.7 0.9 1.3 17.2 0.83 0.53'

sorption from the SS meal containing 50 mg
EDTA was 0.7%. This decrease in absorption
due to EDTA (mean absorption ratio of 0.53

to that obtained with the STD meal and was
also highly significant (¢ = 222, P < 0.005).
The degree of isotopic exchange of ferric
EDTA with non-heme iron of the STD and
SS meals can be determined from the ratio of
*°Fe:%5Fe listed in the last two columns of
Tables 1 and 2. With the STD meal, absorp-
tion of the extrinsic tag was slightly higher
than iron EDTA (mean ratio 1.05) whereas
the converse was observed with the SS meal
(mean ratio 0.83). Although the overall mean

*FeCl,

Fe absorption

Fe absorption Absorption ratio

p

ratio of 0.93 indicated a slightly highetigﬁ
sorption of ferric EDTA (¢ — 1.95, P < 0.09),
the data were taken to indicate complete 0f
nearly complete mixing of ferric EDTA with:
non-heme dietary iron.
The purpose of study 2 was to det
the effect of adding increasing amounts;
EDTA on the absorption of non-hemesi
from the STD meal. Ay test meals
tagged extrinsically by adding 0.1 mg Jr %
labeled FeCly to the potatoes. Unl
EDTA was dissolved in a small volum
Wwater and mixed with cornmeal immedit
prior to administration of the test meal .l
first group of 14 subjects was given fourod
meals containing 0, 6, 25, and 100 mg

(Table 3). A second group of 12 subjec
T

ine’

T2z

M3(
M23
M29
M2i
M27
M27
M26
Mi18
MI18
M22
M23
MI19




ven four STD meals containing 0, 10, 50,
nd 500 mg EDTA (Table 4). The effect of
lEDTA is indicated by the ratios of iron
sorption with/without added EDTA which
are listed in the last three columns of Tables 3
%4nd 4 and shown graphically in Figure 1.
lthough mean ratios of 1.10, 0.98, and 0.72
served with 6, 10, and 25 mg EDTA,
spectively, suggested inhibition in iron ab-
jorption, the difference was not statistically
gnificant at these levels of EDTA. The mean

4 FABLE 3

FOOD IRON ABSORPTION IN MAN

617

ratios of 0.47, 0.31, and 0.23 observed with
50, 100, and 500 mg EDTA indicated a highly
significant depression in absorption by EDTA
(P < 0.001).

Discussion

Prior studies have established that ferric
EDTA is an effective source of iron for both
plants (18) and animals (19). Administration
of therapeutic amounts of iron as an EDTA
salt has been used successfully for the treat-

¢ effect of varying amounts of EDTA on iron absorption from STD meal

Absorption ratio +

S Packed  Trans- Fe absorption EDTA:0EDTA
ge cell fg:::rn t%i:ltﬁrrll Om 6m 25m 100 m
e vol. tion EDTA EDTA EDTA EDTA pone  Bme 100me
% % ng/ml % of dose
MIg 44.9 51 71 23 3.7 3.1 2.6 1.60 1.34 1.13
M22 459 47 57 3.1 43 33 2.1 1.38 1.06 0.65
M20 46.2 34 . 38 33 3.0 3.0 1.0 0.90 0.92 0.31
M20 48.5 20 29 3.5 4.7 5.2 1.9 1.35 1.49 0.54
M20 47.2 39 49 3.7 3.0 33 1.1 0.79 0.87 0.28
M19 41.3 34 31 3.7 4.8 1.1 1.1 1.50 0.33 0.34
MI8 47.2 42 35 4.6 7.7 5.6 0.9 1.68 1.23 0.20
MI8 46.8 41 44 4.7 7.8 49 1.1 1.68 1.05 0.23
M20 47.6 38 63 5.6 4.5 3.2 1.3 0.79 0.57 0.22
M22 48.0 44 12 7.5 9.1 3.1 2.9 1.21 0.41 0.38
M26 ~ 48.9 37 149 8.6 4.2 0.7 0.9 0.48 0.08 0.10
M20 50.2 43 34 9.3 7.9 13.7 1.1 0.84 1.48 0.11
M22 44 8 38 21 15.1 17.0 12.8 6.4 1.12 0.84 0.42
Mi8 46.1 70 9 28.0 244 13.9 7.8 0.87 0.49 0.27
19 46.7 4] 36.5 5.6 6.1 40 1.7 1.10 0.72 0.31
effect of varying amounts of EDTA on iron absorption from STD meal
Fe absorption Absorption ratio +
Trans-
Sex Pi(;ll(fd ferritin fSerpm 0 500 EDTA:0EDTA
W g i One o lOme 0me X0mE ome some oo
% % ng/ml % of dose
M30 43.2 32 119 0.9 1.1 0.6 0.5 1.21 0.68 0.52
M23 47.5 34 83 1.8 29 1.2 0.6 1.63 0.65 0.34
M29 47.1 46 74 2.0 2.6 0.8 0.4 1.29 0.37 0.20
M21 49.7 36 58 24 2.6 2.0 0.6 1.07 0.83 0.25
M27 43.5 33 57 2.6 1.6 1.7 1.7 0.62 0.65 0.65
M27 47.1 18 117 2.8 1.1 0.8 0.8 0.39 0.27 0.28
M26 49.0 50 68 2.9 29 0.9 0.7 1.01 0.30 0.22
Mi8 48.1 44 26 34 3.8 1.7 0.8 1.11 0.51 0.22
M18 50.0 28 56 35 7.6 3.7 0.6 2.17 1.05 0.16
M22 '46.3 33 120 4.9 5.2 1.9 0.8 1.06 0.38 0.15
M23 40.6 24 19 11.0 5.5 23 0.8 0.50 0.20 0.07
MI9 47.8 46 10 11.0 10.1 35 1.4 0.91 0.31 0.12
24 46.7 35 54 3.2 32 1.5 0.7 0.98 0.47 0.23
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FIG. 1. Effect of EDTA on iron absorption from the
STD meal. The ratio of iron absorption with and without
EDTA is plotted against the amount added. The vertical
bars represent the limits of = 1 SE.

ment of iron deficiency in man (20, 21).
However, studies employing precise radioac-
tive measurements have shown that the ab-
sorption of ferric EDTA is only about 20%
that of a highly available iron salt such as
ferrous sulphate (22). The effect of EDTA on
food iron absorption may be quite different
from its effect on inorganic iron because food
alone substantially reduces the availability of
non-heme iron (23). In the present study,
clear evidence was obtained that EDTA sub-
stantially reduces the absorption of food iron.
Thus, when 50 mg EDTA were added to a
meal containing 4.1 mg iron (molar ratio of
EDTA to iron approximately 2:1) iron ab-
sorption was decreased to about one-half of
the level observed without added EDTA.
There are two methodological aspects of
the present study which deserve comment. As
in virtually all studies of food iron assimila-
tion in recent years, iron absorption was
estimated only indirectly from red cell incor-
poration of radioiron. However, by perform-
ing multiple tests in the same subject, system-
atic errors with this approach are largely
avoided. It should also be noted that it was
whole body retention of radioiron that was
actually measured rather than iron absorp-
tion. For example, it is possible that larger
amounts of iron were absorbed but then
rapidly excreted as an iron EDTA complex.
However, it is known that parenteral EDTA
is excreted almost exclusively in the urine (24)
and meauviance warkers have shown that less

than 1% of the radioactivity following an
dose of 5°Fe EDTA is excreted in the u
during the first 48 hr (5). Finally, fr :
nutritional standpoint, the important pa
eter is whole body retention of iron rathif
than gastrointestinal absorption. ,
Other observations in this study relatiy
to the nature of the EDTA effect oniff
absorption. Recent studies have shown thg
common pool of non-heme iron is form
foods ingested in the same meal and tha
absorption from this pool can be measur
adding an extrinsic tag of *°FeCls tog
meal just prior to administration (8, 25).I¢
possible that EDTA could form a_co 1pJé
with iron which is assimilated independentlys
of the remaining food iron. This wouldbe i
analagous to the absorption of heme"ifoh
which is not influenced by dietary facjop:
such as ascorbic acid which have a marke
effect on the absorption of non-heme ifof
(26). On the other hand, EDTA might ¢

an effect on the total pool of non-heme i

ith the n

These possibilities were investigated by ¢ this us
paring in the same meal, the absorption ‘ol . Fritz,
ferric EDTA with non-heme dietary ir intake o
labeled with an extrinsic tag of ferric chloridg,d rvings
If complete mixing of ferric EDTA with @ppm EL
non-heme iron did occur, the ratio of:{i e S0 m

extrinsic tag to iron EDTA would differ flf_(ifﬂ on ma
unity. The ratios observed of 0.83 with thg}ss ‘

meal and 1.05 with the STD meal Wel vel of
consistent with complete or nearly com bsorpti
mixing. ' Ferric

These findings could also be obtaine
EDTA was able to chelate all of th
heme iron of the meal and the absorptl
this iron became independent of the:

ated irc
Déaranc
B gdy d¢

effect of dietary iron. This possibilitys8 or for
examined by comparing the effect of El Uidelin
on meals of both low (SS) and high (5, &h1S stuc
iron availability. In a previous study 10% EDT
female subjects (10), mean absorptiONHEEREEEEILY, 1
the SS and STD meal was 1.8 and B
respectively, compared with means of T A
4.4% in the present study. The lowWchigg I tior
observed in the present study are explall e onr
the higher iron stores in men. The di f . mpl'
between the two studies can be correzgg et ¢
relating absorption to the REF dos . jolar
ganic iron. In the previous study ! L5 S OSOTpl

these ratios were 0.08 and 0.42 for the san /
the STD meals, respectively, as : ,



with ratios of 0.08 and 0.38 obtained in the
. present study. There was, therefore, a 5- to
¢ fold difference in absorption of non-heme
_iron from the STD and SS meals. With both
of these meals, EDTA produced a similar

DTA on iron absorption is superimposed on
the diet as a whole through an interaction
with the non-heme iron pool.

Studies involving the addition of 6 to 500
g EDTA suggest that there is a depressing
fect on iron absorption at any concentra-
on. However, a statistically significant de-
rease in absorption could be demonstrated
nly at molar ratios of EDTA to iron greater
fhan 1. It is difficult to extrapolate these data
o the effect of EDTA on a normal diet
“because of uncertainty regarding EDTA con-
sumption. In 1975, the estimated production
of EDTA in the United States is in excess of
90 million pounds although the proportion
f this used for food production is not known
. Fritz, personal communication). With an
¥intake of 2,000 g of food daily in which 5
rvings of 100 g portions of food contain 100
pm EDTA, daily intake of EDTA would
w0¢ 50 mg. Certain segments of the popula-
flion may have even greater intakes because
f peculiarities in their food habits. This
vel of EDTA would reduce non-heme iron
bsorption by roughly 50%.

Ferric EDTA has been proposed as a salt
Ror iron fortification (27) because this che-
fted iron does not adversely affect the ap-
Prarance or the taste of food. The present
idy does not define its potential usefulness
fortification but does impose certain
idelines for its use. Under the conditions of
flis study, iron availability was not improved
B:EDTA, and in diets with low iron availa-
@Ulity, iron absorption may be further re-
ed. It is unlikely that molar ratios of
I'A to iron below 0.5 would reduce ab-
@BPtion and a considerable degree of fortifi-
@Rlion might be possible within this limit. For
Bample, if S mg iron as EDTA were added to
2 ct containing 15 mg iron per day to give a
lar ratio of 0.25, no decrease in iron
porption should occur. On the other hand,
N American diet containing 10 mg iron
50 mg EDTA, the addition of 5 mg iron
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