Sodium iron NaFeEDTA as an iron fortification
compound in Central America.

Absorption studies?: 2
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ABSTRACT  Studies were performed in seven children and 98 adults to”compare the
proportion of iron absorbed when administered as ferric sulfate (Fea(SO4)s). NaFcEDTA.
hemoglobin (Hb). and ferrous ascorbate. Studics in children (mostly iron deficient) showed that
when the compounds were given with a milk-rice-sugar formula totalling 5 mg Fe, iron from
hemoglobin was absorbed best, followed by NaFeEDTA and by Fea(SQO,); (mean percent
absorption * SD = 34.5 = 1.5, 8.6 = 1.9 and 3.3 = L.5. respectively). Studies in normal or
iron deficient adults also demonstrated a better absorption of iron from NaFeEDTA than from
Fe,(SO,), whether these compounds were given in an aqueous solution (5 mg Fe) or with' a
standard mcal consisting of beans. tortillas. bread, and coffee providing also a total of 5 mg Fe.
Hb iron under the same conditions was absorbed in the same proportion to the reference iron
ascorbate, always being higher than iron absorbed from the other compounds. Fe,(50,), and
NaFeEDTA mixed in the same meal were absorbed in the same proportion as when NaFeFDTA
alonc was added to the meal and 2 to 3 times better than when Fey(S0O4); alone was added to the
meal. Addition of desferrioxamine depressed iron absorption from Fep(SO4)y and NaFeEDTA,
the latter being less affected. Addition of ascorbic acid increased absorption from both. When
the compounds were added to the meal to provide 50 mg of iron, percent absorption was
depressed in relation to the smaller iron dose in the case of Fea(50,), and Hb but remained
unaltered in the case of NaFeEDTA. Addition of 45 mg Fe as Fey(SO,), or NaFeEDTA to 0.4
mg Fe from Hb in the meal did not change Hb iron absorption. Addition of 45 mg Fe as Hb or
NaFeEDTA to 0.4 mg Fe from Fey(S0,); in the meal enhanced iron absorption from the latter
in the same proportions. Addition of 45 mg Fe as Fey(SO,) and Hb to 0.4 mg Fe as NalcEDTA
in the meal respectively depressed and enhanced iron absorption from NaFeEDTA. These
studies indicate that NaFcEDTA, Fey(SO,)y and nonheme food iron form a common pool
diffcrent from the heme pool but which is changed in its characteristics by the presence of

NaFcEDTA, resulting in g better absorption of iron.

Iron deficiency and ferropenic anemia are
widespread among vulnerable groups in in-
dustrialized socicties (1) and in the general
population of tropical developing arcas (2).
In Central America, 15% of the total non-
pregnant population and 24% of pregnant
women at term arc anemic, almost exclu-
sively due to iron deficiency (3-6). based on
the association found between anemia and
low serum iron and percent saturation of
total iron binding capacity, and on hemato-
logical responses to iron administration in
population groups (5). Based on the same
criteria, folate deficiency appears to play a
very secondary role as a factor in nutritional
anemias in Central America (5). Investiga-
tions to determine the causes of iron defi-
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ciency in Central America have strongly
suggested that inadequate iron intake in
terms of quantity and quality is the main
causce (3, 5). hookwork infection being an
important aggravating factor (7). Consc-
quently, food fortification with iron should
be an effective public health measure to
combat iron deficiency in this region. pro-
vided that an adequate iron compound and
a suitable vchicle or vehicles are found.
Several iron compounds were studied in a

' From the Division of Human Nutntion and Biol-
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Panama (INCAP). Carretera Rooseselt, Zona 11,
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preliminary fashion at INCAP, aiming at
selecting compounds that are stable under
tropical environmental conditions, that will
provide iron with a high biological availabil-
ity when mixed with local diets and that will
not cause significant undesirable changes in
the food or dietary vehicle. The ferric so-
dium salt of NaFeEDTA fulfilled many of
the desirable physical and chemical charac-

teristics; moreover, iron versenatc (NaFe-

[EDTA) has proved effective in the treat-
ment of iron deficiency anemia in adults (8)
and children (9), the EDTA portion. of the
molecule being minimally absorbed (10),
and has been successful as an iron fortifying
agent added to fish sauce in a pilot trial in
Thailand (11). However, very little data are
available on the absorption of iron from this
compound, particularly when added to
food. Viteri (12) and Viteri et al. (13)
indicated a better absorption of iron from
NaFeEDTA than from FeSO, when these
compounds were given with a rice-milk-
sugar formula to children. While this manu-
script was being reviewed, Layrisse and
Martinez-Torres (14) published their results
on absorption of iron from NaFcEDTA that
also point to a better absorption of iron
from this compound than from FeSO4 when
added to foods.

The present communication relates our
findings in mecasuring the absorbability of
iron from NaFcEDTA in adults and chil-
dren under a varicty of circumstances which
included: (/) ingestion without and with
food; (2) addition of different doses to
food; (3) interactions with heme and non-
heme iron added to food, and (4) effects of
mixing with the food and inhibitor or a
promoter of iron absorption (desferrioxam-
ine and ascorbic acid, respectively).

Materials and methods

All the studies were approved by an ad hoc commit-
tee on the protection of human rights and were per-
formed only after fully informed consent was obtained
from the subjects or their parents in the case of
children.

Seven well nourished children were the subjects in
the cevaluation of iron absorption from ferric sulfate
(Fea(504)1). NaleEDTA and hemoglobin added to
230 ml of a liquid formula that was admimstered after
an overnight fast in a single feeding, warmed to body
temperature. The formula contained 16.5 g of a rice-
milk-sugar mixture (60:16:24) plus vitamins  and
FePO,. The total amount of iron adnunistered was S
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mg, 2.5 mg coming from the diet. The compounds
were - labeled cither with *Fe or **I¢ as follows:
Fe,(SO4), was prepared by adding labeled FeCl,y
(Amersham Scarle) to a water solution containing
FeSO,. this solution was homogenized with the dict
onc hour later. Determination of ferrous/ferric ions in
the water solution (15) demonstrated that by 10 min
87% of iron was in ferric form. Labeled NaFeEDTA
was prepared by adding radioactive FeCly to disodium
EDTA according to the method of Sawyer and Me-
Kininie (16); labeled hemoglobin was prepared biosyn-
thetically in repeatedly bled rabbits. In cach series of.

radioiron studies 5 mg of radioactive iron as ferrous

ascorbate were also given in a solution containing 500)
mg of ascorbic acid (Hoffman LaRaoche) as a reference
dose. The children received nothing by mouth for 4 hr
after the administration of the test formula,

Absorption tests were performed on days 1 and 2
and again on days 16 and 17. Blood was obtained on
days 16 and 32. Diffcrent radioiron isotopes were
given in cach of the tests performed in consecutive
days. Each dose of *Fe or **Fe was less than | and 3
rCi. respectively. Radioactive iron incorporated into
hemoglobin (a 100% incorporation ot the absorbed
dose was assumed) was measured together with a
sample of the labeled formula following the method of
Eakins and Brown (17) using a Nuclear Chicago am-
bient temperature liquid scintillation counter, adjusted
to a counting crror of less than 37,

Iron absorption studies in adults were performed in
normal male volunteers of the Guatemala Army, Mili-
tary School, University of San Cailos Moedical School.,
Residencia Unmiversitana de Crudad Vieja and INCAP.
Healthy adults (except tor hookworm intection and
iron deficieney anemia) trom the Guatemalan low lands
(Hacienda Chocolid) also participated in these studies.,

The general procedures used to measure radioactive
iron absorption from the different compoeunds and
under a variety of arcumstances, were adentical to
those described in the studies with children. In every
case, except where stated specifically. the radioactis
compound was carctully homogenized with a compee-
nent of the meal in the final stages of its preparation.
When the meal contained a black bean pornidge. the
radioiron compound was homogenized nto a commaon
batch of this tood. Food iron was determined incach
meal component; the total amount of iron given took
this iron into account. All studies were done by the
extrinsic food-labeling techmqgue (18). The radioact
ity administered to adults per dose was Jess than 4 pCr
of ¢ and 12 pCiof e, Serum iron and total iren
binding capacity were measured by the methods o
Ramsay (19, 20).

Results are expressed both as arnthmene and peo
metric means (21). ‘Tests of sigmificance (22 include.
paired f-tests or sample f-tests. when compansons,
imvolved differeat individuals. Tn thas last case. aborps
ton of iron from cach subject tor cach compound w. -
adjusted to the mean lerrous ascorbate absorption oi
the two groups of subjects.

Results
Stuedios in children

Table 1 shows the hemoglobin and serum
iron concentrations, the saturation of total
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TABLE |
Iron absorption from ferric sulfate, iron-EDTA and hemoglobin mixed
with a milk-rice-sugar formula, in preschool children
T wonabsrpion(m)
Child Hemoglobin Serum Fe 1::.C Compounds given with the formula Ferrous
Fey(SOL)s NakeEDTA Hemoglobin NNScEbaNE
el i %

JGS 11.3 33.5 10.3 3.7 12.7 54.1 76.8
EER 12.3 92.5 249 1.6 6.0 32.9 70.5
PRD 12.3 59.0 15.4 4.9 2.5 39.7 71.7
CHO 10.4 394 11.1 3.5 11.7 14.9 92.8
RET 11.4 49.2 13.2 3.0 9.4 30.5 70.7
SF 10.7 43.3 12.9 4.8 14.7 38.0 64.5
ALM 12.2 66.9 15.3 3.2 11.8 47 .8 90.9
Arithmetic mean 5 9.8 36.8 76.8

SD 1.1 4.2 12.7 10.9
Geometric mean 3.38 8.6" 34.5 76.2

SD 1.3 1.9 iS5 1.2

@ Percent saturation of total iron binding capacity. P <0.02.

iron binding capacity and the iron absorp-
tion of children fed the milk-rice-sugar for-
mula” containing cither Fe,(SO,),. NaFe-
EDTA, or hemoglobin. Four of the children
were slightly anemic and iron deficient. Iron
absorption from the reference ferrous ascor-
bate dose was more than 60% in all chil-
dren, confirming their suboptimal iron nu-
tritional status. Iron absorption from hemo-
globin was also high, its gcometric mean
being 34.5%. Mcan iron absorption from
NakFeEDTA was 2.6 times that of Fey(SO,);
(P < 003).

Studies in normal adults

The radioiron absorption from 5 mg of
iron <administered as  Fe,(SO,),. NaFe-
EDTA. hemoglobin, and ferrous ascorbate
in aqueous solutions to normal adults is
presented in Table 2. Iron absorption from
NaFcEDTA was higher. although not sig-
nificantly  different,  than  that  from
Fey(SOy)s: hemoglobin absorption was sim-
ilar to that of ferrous ascorbate. In the
following study (Table 3) Fey(SO,),. Na-
FeEDTA. and hemoglobin were adminis-
tered with a breakfast consisting of black
bean gruel (120 g). four corn tortillas (120
g). a roll of bread (40 g). and a cup of
coffee. The total amount of iron adminis-
tered was S mg, 4.6 mg coming from the
dict. Fey(SOy)y and NaFelEDTAL labeled
with different iron compounds. were admin-
istered together in the same meal mixed into
the black bean grucl and heated before

serving. The iron absorption from both of
these sources was identical (amounting to
15.5% of that from ferrous ascorbate) and
significantly lower than. the iron absorption
from hemoglobin mixed with the beans. The
iron absorption from this last source was the
same as that of ferrous ascorbate.

Studies in rural adult males

Twenty-one men in the Guatemalan low-
lands were studied. Twelve had iron defi-
cicncy based on percent saturation of total
iron binding capacity less than 20% . and 11
had anemia (23). Tablc 4 shows the percent
of 1ron absorbed from Fea(SO,); and Nua-
FeEDTA administered with the standard
breakfast, and from the reference ferrous
ascorbate. In contrast with the previous
experiment,  Feo(SO,), and NaFeEDTA
were fed on different davs mixed with the
black bean gruel. Mean iron absorption
from NakFeEDTA was 2.7 times higher than
from Fe,(SOy), (P < 0.001). Furthermore.
none of the 11 ancemic subjects absorbed
more than 10% and only three absorbed
more than 4.5% of the ferrie sulfate iron,
whereas 10 surpassed that level of absorp-
tion with NaFcEDTA, rcaching values up
to 19.9%.

lron absorption in the presence of an
inhibitor (des ferrioxamine) and an enhancer
(ascorbic acid) of iron absorption

The cffect of adding 500 myg of desferriox-
amine mixed with the meal and the labeled
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TABLE 2

VITERI ET AL.

Radio-iron absorption from ferric sulfate, iron-EDTA and hemoglobin in
normal adults. The compounds were given alone. in the fasting state

- — — e - ——
T e T e e e e e

Subject  Weight  Hemoglobin Setum pp
kg gidl ug!dl s

AS RS 15.8 143 37
AA 55 15.5 113 a8
EU 64 16.1 75 21
DS 6S 15.7 94 31
NS 84 15.7 190 57
1M 59 15.7 96 30
ER 61 16.4 137 49
AR 73 16.8 141 41
OL 8O 17.3 108 33
PR 55 154 R7 32
Arithmetic mean

SD
Geometric mean

SD

" Percent saturation of total iron binding capacity.  * Administered with 200 ml of Pepsi Cola.

TABLE 3

T -.ir-nn absorption (7))

Radio-iron absorption from ferric sulfate. iron-1-DTA and hemoglobin

in normal adults. Compounds were given with breakfast

Subject Weight Hemoglobin .\c'r:m :::‘:

e e e
JRG 57 16.6 125 6
JCM 6h 16.3 114 46
1C 64 15.6 139 42
MP 59 17.0 137 40
p 59 16.5 T as
cp 57 16.4 137 2
1C 6Oh 150 nl 1S
MAIJ bl | 17.2 162 47
MM 64 17.5 48 17
ARR 54 17.9 148 19
Arithmetic mean

SD
Geometric meian

. Fetrous

$O, NaFel:DIA Hemoglohin® et
eSO, (S mg) (Smg) (S mg)
0.1 3.1 o7 16.7
0.9 4.8 11.5 17.6
0.9 2.5 1.2 7.3
2.1 7.5 293 0.2
X2 3.5 54 5.7
4.8 K 18.3 6.9
4.8 7.6 40.3 15.3
4.9 Y 10,4 7.3
1 A.7 R.6 17.1
30.4 21.7 0.3 6.3
5.9 6.1 19.3 -0.0
8.9 S8 11.8 o .
2.6 4.8 161 18.4
4.6 1.9 1.9 2.4

Irem alraption (0

. _('nmpnund-. pien u::l:_n meal® Letivngs

Fey(5O, ) NaleF DIA Hermus litn "‘l';"l'"‘"“
(Smghle) (Smgle) tSmplv) E
1.1 1.6 e 1.2
1.6 1.7 LR 11.0
2.4 4.0 I8.4 231.7
4.3 Sd L 218
6.3 Sd d6 7 Al
6.7 7.4 LI 1.3
H.q -.. l RN ‘ flh_:‘
vl . S LWL 0.3
12.0 12.1 RS <ol
j3.2 11.9 A2 2 e j .
6.6 0.6 T2 LY
4.3 L 06 213
S.0 Sd 380 334
2.4 2.0 i3 1.8

SD
" Percent saturation of total iron binding capacity.
coffee.

iron compounds is presented in Table S.
This iron binding substance lowered iron
absorption both from NaFelEDTA  and
Fel(SO,).. However. iron from NulelEDTA
was absorbed 3 times more than that of
ferric sulfate (P <2 0.001). On the other
hand. the ingestion of a drink containing
500 mg of ascorbic acid together with the
meal cnhanced iron absorption from both

* 120 g black bean gruel ¢ 4 tomllas + Taell < 1T eup of

compounds and although the mean value
for NalFeEDTA was greater than that for
Fea (SO, ). dilferences did net reach statisti-
cal signilicance.

Lffect of dose of iron from different
compounds and their interactionys

The cffects ol two dilferent amoints oi iron
ingested with the standard meal were stud-
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ied by giving a total of 5 and 50 mg of iron
coming from both the dict and cither ferric
sulfate. NaFcEDTA or hemoglobin. The.
interaction between the different com-
pounds was cxplored by adding to the dict.
containing a labeled compound and a total
of 5 mg of iron. 45 mg of unlabeled extra
iron from a water solution of cither of the
other two compounds. For clarity of expo-
sition the results are presented grouped by
the source of labeled iron. Tables 6, 7. and
8 show the percent absorption of iron from
hemoglobin. Fey(SO,); and NaFcEDTA
mixed with the standard mcal and that of
the reference fasting dose of ferrous ascor-
bate.

Absorption of the hemoglobin-iron added
to the standard breakfast was identical to
that of ferrous ascorbate when the total
amount of iron was 5 mg. However, when
the total amount of iron amounted to 50

TABLE 4
Radio-iron absorption from ferric sulfate and iron-EDTA
male population. Compounds were given with breakfast

Subject Weight Hemoglohin Sc;:m
T T cidl " ppedl
EP 51 16.4 138
JNR S8 14.9 120
FG 43 10,27 20
MPY 82 13.17 116
JGS 46 16.2 178
AC 49 14.6 110
JSC 49 13,3 832
JB 87 14.4 157
PSG S9 12.47 21
JCH S0 12.1° S
JBA 47 13.7 S3
FG an 16.3 148
CS S0 12.87 19
PC 51 6.3 19
MA 47 9.2r 0
GG 45 IS.3 64
AA 43 14.2 76
AC 47 12.1° 42
GY 51 14.2 74
JM 45 9.0" 10
VIO 46 11.8" 49
Arithmetic mcan

SD
Geometric mean

SD

" Percent saturation of total won binding capacity.
coffcc. ~ Ancmies. P < 0,001,

" Black bean gruel ¢ 4 wrullas ¢ 1 goll

UNMS

mg, the percent absorption decreased sig-
nificantly (7’ < 0.001). When the lower
dose of hemoglobin iron was mixed with
cither 45 mg of cold NalFcEDTA or
Fea(50y)s. its absorption remained stable,
again showing no differences from that ob-
tainced from ferrous ascorbate.

Absorption of iron from ferric sulfate wis
influenced by the amount of iron but in
diffecrent ways depending on the source of
iron added to the dict. As shown in Table 7.
the percent of iron absorbed from S0 mg of
iron as Fey(SO¢), was half that from S mg
(<0.001). Conversely. the addition of 45
mg of iron as cold NaFeFDTA or hemaoglo-
bin enhanced the pereent absorption of the
labeled Fey(SQO)y), iron by factors of 1.6 and
1.8, respectively (P < 0.001).

The fraction of iron absorbed as NaFe-
EDTA was 10 to 11% of ferrous ascorbate
and remained constant whether the total

in a rural adult

Iron absorpuion (7))

o G—— =

Compounds ginven with a4 meal®

Tpe

" = e e e e n:m\
Ley(ML), Nalcl D1A -'*l*:':'l";':'
(Smy) (S mp)
. —
35 0.6 5.3 19.1
ad Lo 7.6 269
6 1.1 1.6 0l 6
An I ‘ 71 65 ]
40 1.4 1.7 1.2
26 1.8 3 FY
23 1.8 1.4 7
A3 1.8 4.9 Sy
4 1.9 4.7 i1 3
Y o 2.h 6l 9
14 2.7 6.0 T8
36 a7 .3 AR
3 3.6 13.2 110
4 1.6 B 6N O
R R 7.8 Hir Y
4 4.4 S 5K.7
24 4.8 142 S7 K
R 5.5 6HU T
17 7.3 O 1
6 7.7 Th 6]
12 0.2 1v 9 0 S
13 il | “1 3
.4 4.1 156
24 R AN
20 1.8 1.5

1 cup ol
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TABLI: §
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Radio-iron absorption from feroe sullate and iron-EDTA mixed with desferrioxamine

and ascorbic acid in normal adults. Compounds were given with breakfast

.lnn absorptien (7))

Conpounds given with a meal”

Nal el D] A

oo weg NES TR gea wemnia T Nl
[ . .
& L]
dedernoxamine  desfernesamine 'M"_'"" ’ e
(500 mg) . (SO0 mg) |Sl.:|:l::|p| |‘l.::ill‘1"lpl
™ Y
WMG 66 15.6 127 3R 0.4 1.7 N6 0.
GlvV 6Y 14.6 92 29 0.4 1.8 7.0 2.0
TIH 60 16.5 137 41 0.8 1.8 10.8 21.5
AM SR 16.8 137 37 0.6 1.6
GR 56 16.3 145 43 0.7 2.2 17 1.8
CLECC 62 16.5 125 32 0.7 1.7 12.3 12.5
RE 71 16.5 80 27 0.8 2.1 20.3 1.1
VRM 63 16.2 147 42 1.1 2.2 26 4
MIS 67 15.3 U8 26 1.3 1.2 bl s
Al 52 14.8 137 39 1.4 2.6 7.9 21.6
Arithmetic mean 0.7 1.9 N6 13.3
SD 0. 1), 6.0 )
Geometric mean 0.6" 1.8 6N u <
0.1 .1 e - R

SD

" Percent saturation of total iron binding capacity.

* 120 p black bean gruel « 4 tontillas = 1roll < 1 eup ol

coffee.

iron dose was 5 or 50 mg (Table 8). Pereent
iron absorption from NalFcEDTA was de-
creased to about half by the addition of 45
mg as Fea(SOy4), (P < 0.01) and increased
from 11 to 17% compared to that of ferrous
ascorbate with the addition of 45 mg of cold
hemoglobin iron (P:N.S).

Discussion

The studies presented are primarily aimed
at comparing the percent absorption of iron
from NabceLl:DTA. Fea($O),), and hemoglo-
bin. We decided to use ferric sulfate as a
comparable salt because unless strict reduc-
ing conditions are maintained. over 806 of
the ironin a water solution of ferrous sulfate
is rapidly oxidized to the ferric form, partic-
ularly during heating. Therefore. this would
be the salt ctually ingested when ferrous
sulfate is used for fortification. The results
in children and adults indicate that the ferric
salt of sodium EDTA is absorbed better
than ferric sulfate and ferrous sulfate added
to milk? or corn (14). This fact is evident
cven when Fea(SOy), and Nalel:DTA are
mixcd in the same meal (Table 3) because
in this case iron absorption from both com-

* Taken together with the meal as an orange flavored drink.

TP e .00,

pounds is higher than that obtiined in a
similar group of subjects when Fea(SO,)y is
the only iron salt added to the mea! (Table
7). being similar to the proportion absorbed
when only NaFeEDTA was mixed with the
dict (Table 8). In cffect, when individual
results are expressed in relation to the ab-
sorption of the reference dose ol terrous
ascorbate. Fea(SO;), mined with the diet is
absorbed in a proportion of 7.0« 4200
(mean £ SD) o that of lermous ascorbate:
when given together with Nal'el:D'TA this
proportion increased to 1606« 7.1 0 Ab-
sorption of iron trom Nabel-DTA mixed
with  the dict alone or teecther with
Feo (SO ) amounts to 1o < 26 and 17 .4
* 6.4% that of ferrous ascorhate. respee-
tively.

This indicates that when eiven together.
the iron from both compounds lorms o

"In g collabortive study with the e aocbaer, Dy
Abtabam Steckhel from Umiversay of €l b done
same prelimmany studies concormme won e aption

from fornbed mnlk o omfants whieh o'« o that
Libeled sodiimaron FIDTA proandod i thed
2.5 tmes better than o an berrons subode ot

mith: (F. E. Vitennand A Steckel, paper i picpara
tion). INCAP Publicatien 1-9048
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common pool which is absorbed better by
the presence of NaFeEDTA. These data
confirm the results of Cook and Monsen
(24) who have indicated a common iron
absorption pool for NaFeEDTA and non-
heme iron be this food iron or extrinsic iron.
However, we have found a bencficial effect
of NaFeEDTA which is partially reversed
when other nonheme iron is present in a
very high proportion to NaFcEDTA iron (a
ratio of 125 to 1. Tablc 8).

The iron in NaFcEDTA appcars not only
to be absorbed better than that in
Fca(SO4);. when both are administered
alone but the addition of the former com-

AMERICA V67

pound to the dict seems to improve the
absorption of nonheme iron whether the
amount of iron in NaFeEDTA is (0.4 or 45
mg. This finding is particularly important
because the absorption of small amounts of
ferric iron added to a mcal reflect the ab-
sorption of food iron (extrinsic tagging)
(18). The data recently provided by Layr-
issc and Martinez-Torres (14) using intrin-
sically labeled corn also show an improved
absorption of corn iron when NaFeEDTA
is mixed with experimental meals.

In the studies reported here another char-
acteristic of the NaFeEDTA-iron pool is
cvident: when iron absorption is expressed

TABLE 6
Radio-iron absorption from hemoglobin administered at two doses and mixed with ferric
sulfate and iron-EDTA in nnrmul ndull.\. ('ompuuml'i were giw.'n wilh breakfast

Imn absorption (%)

Compounds |:|\ cn ullh a mei |I'

Serum TIRC

Subject Weight Hemoglohin Fe sl Hcm-\glnhln Hemoglobin Ferrous
Hemoglotun — Hemoglobi (3 mp) (A mp) erhate
G e ¢ cold s eold (Smp)
(% mg) (0me)  NarerpiIA FertSOuly
(45 mg) (1S mg)
T ke ol ppat O m

.M 6() 16.3 116 40 9.1 4.1 11.4 20.0
CRV 6] 15.3 R6 A 15.2 34 15.3 25.8
HCh 71 16.6 Y8 3l 16.1 2.7 21.3 262
MP 55 14.2 86 24 258.5 12.7 0.9 283
RV 65 16.4 109 k| 27.9 R.2 27.7 ind
AB 79 16.4 128 kR 42.1 15.8 29.2 4.4
AT 62 16.6 103 3s 42.3 11.6 REN) 331
MB 63 15.7 RS 27 42.9 11.5 J3.8 2.5
AM 68 15.0 V6 k)| 43.5 11.0 6.4 26.0
Arithmetic mean 294 9.0 27.7 0.7
SD 13.7 4.6 10.2 5.0
Geometric mean 259 1.7 25.7 264
SD 1.8 1.9 1.5 1.2
JFFM 67 14.2 1] 20 7.6 6.3
MICZ. 57 15.0 K2 X3 12.6 11.6
HRLT 59 16.2 76 R 12.6 16.2
GAGR 54 14.6 111 3 17.8 12.7
CATIL 64 14.8 141 36 JI K 21.9
CEUM 56 14.0 82 27 2.3 S0
HSL.D 6d 15.3 22 3 258.7 R B B
HHILA 74 IS8 97 28 258 57.0
BMG bl 15.1 116 kR 27.6 i1.8
NRM 65 14.1 o 40 RRR ! In.5
ERMR 61 15.3 103 Rk 6.4 19.3
JFGC 57 13.4 153 1y 7.2 16.8
EMS 6} 151 No 29 41.0 16.0
EDSA OHR 15.0 118 42 639 RN

Arithmetic mean 27.8 i
SD 14.5 17.4
Geometric mean 243 22 .6
1.7 1.9

_SD
a Percent saturation of total iron binding capacity.
coffce. P = 0.001.

* 120 g black bean gruel + 4 tortillas + 1 roll + 1 cup ol
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TABLE 7

VITERI ET AL.

Radio-iron absorption from ferric sulfate administered at two doses and mixed with
iron-EDTA and hemoglobin in nurmal adults. Compounds wére gm:n with hnnkhst

Il'llll Il!ﬂllrdlun (
Compounds given with a meal®
Subject  Weight  Hemoglobin  >oram  TIBC FeA(SU FedSO0:  Ferrous
oo o S (s
(S mg) (5 mg) NaFel DTA  hemoghobm ]
(4‘ mg) (-H mg)
ke qudl pgldl L3

JGRP 52 15.3 87 31 0.6 0.8 1.4 19.0
JLAC 73 159 66 18 0.6 0.6 5fea 10.8
JIGC 54 16.6 119 36 1.2 0.8 2.5 27.8
JAMG 54 15.0 97 27 14 0.4 3.0 24.6
JAVF SR 16.6 93 24 1.4 0.4 1.7 13.2
VECO MY 15.6 121 i3 1.5 0.8 2.6 16.9
JEVS 67 16.6 153 42 1.6 0.8 2.6 204
ARR 63 154 118 3l 1.7 0.9 2R 12.6
JRMR 67 15.7 9s 25 1.8 0.4 2.8 41.3
ELELA 54 15.5 116 32 1.8 0.4 1.4 20.2
HSL SR 14.1 85 27 2.0 1.8 4.1 44.1
MAPL 59 15.7 97 26 2.1 1.1 2.9 5.8
DWGA 64 144 91 22 2.8 0.6 2.5 b
JAHL 64 15.3 118 29 35 35 38 0.3
MAEF 54 15.4 133 33 4.5 1.9 4.1 Y
Arithmetic mean 1.9 1.0 2.7 -8

SD 1.0 0.8 0.8 15.3
Geometric mean 1.6 0.8 2.67 23.7

SD 1.7 1.9 1.4 1.6
JFFM 67 14.2 61 20 1.5 6.3
HRLT sV 16.2 76 K] 1.5 17.2
JFGC 57 13.4 153 39 1.8 th 8
NRM 65 14.1 109 40) 2.1 IN.5
GAGR 54 14.6 1l M | i2.7
EDSA 6K 15.0 118 42 23 318
LERMR 61l 15.3 103 Kk} il 19.3
CATL 64 14.8 141 36 2.9 219
MFCZ 57 15.0 82 22 il 116
HSLD 64 15.3 122 k! kK 342
CLUM 56 14.0 82 27 N .6
IEMS 64 15.1 86 29 59 a0
BMG 59 15.1 116 33 s 315
Arithmetic mean 33 27.3

SD .Y 17.4
Geometric mean 24 22.6

SD 1.7 1.9

* Percent saturation of total iron hmdmg Lapauty h 20 £ black bean grucl + 4 tortillas + 1 roll + 1 cup of
coffece. *P<0.001. *P<0.001.

as percent of that of the reference ferrous
ascorbate dosc, the addition of the bean-
tortilla-bread-coffee meal depresses absorp-
tion to S6% of that obtained when this
compound is administered as a water solu-
tion. This reduction in percent iron absorp-
tion is. however, significantly less than the
75% reduction observed for Fey(SO4)3 un-
der the same-conditions.

In contrast to this behavior of iron in
NaFcEDTA. hemoglobin iron absorption is

not altered by food nor by the presence of
cither of the nanheme iron compounds
tested, under any condition, indicating that
heme iron forms a different pool. However,
a similar enhancing cffect on absorption of
Feao(S504) is noted when 45 mg of iron s
added to the meal cither as hemoglolin or
NakFcEDTA. Therefore. the iron chelate
favorably maodifies the characteristics of the
nonheme iron pool.

In an cffort to explain these results, three
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hypotheses come to mind: /) sodium iron
EDTA remains solublc at the normal pH in
the sites of maximal iron absorption in the
duodenum and upper jejunum: in effect,
ethylencdiaminotetraacetate has a very
strong affinity constant to iron with a maxi-
mal efficiency at pH ranges between 3 and
6.5 (25). We have shown that NaFeEDTA
remains fully soluble at a pH of 7.0 and
near 50% remains in solution at pHs up to
7.4. 2) Sodium iron EDTA impairs the
formation of iron polymers which aggregate
in the case of ferric salts at physiological
pHs by hydrolytic polymerization and com-
plex formation with other compounds in

TABLE 8
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food including some inhibitors (26-28). and
3) the iron chelate performs a function
similar to a carricr in delivering the-iron to
the mucosa similarly to what has been de-
scribed in studies with liver cells in vitro
(27).

The “protective. effcet™ of chelation by
EDTA on iron absorption observed when
this compound was adminijstered with a
meal and .500 mg of desferrioxamine could
be explained by the last two hypothcesis.

On the other hand, in normal subjects.
the addition of large amounts of ascorbic
acid to a meal containing iron as NaFe-
EDTA cnhances iron absorption from a

Radio-iron absorption from iron-EDTA administered at two doses and mixed with ferric
sulfate and hemoglobin in normal adults. Compounds were given with breakfast

fron lhmrpli;n (%)

Compounds given with a meal®

Serum TIBRC

Subject ~ Weight  Hemoglobin  “Cr oy NaleEDTA  NaleEDTA  Terous
NateFDTA  NaFeEDTA (S mel (S me) “‘:‘:I"‘:;‘
(S me) (50 mg) FegSO, hemoglobin
(45 mg) (45 mp)
kg Ridl pg/dl %
EWBB 48 139 91 26 0.4 1.6 1.6 A4
HEBR 69 16.1 57 21 0.8 1.5 0.6 25.0
MJFR 63 15.7 61 20 0.9 1.6 0.2 269
OEAC 66 15.3 83 30 0.9 1.7 0.8 17.6
EVBC 63 153 53 18 1.1 1.7 0.5 18.0
CAAL 61 15.3 106 31 2.1 1.8 1.4 13.6
JRCO 60 15.5 122 43 5.0 3.1 1.8 25.8
JFCD 54 15.0 72 22 6.2 3.2 2.5 S8.9
UMCA 53 17.5 8§ 23 12.1 5.1 2.1 14.3
Arithmetic mean 4.3 2.8 1.8 249
SD 5.0 1.9 2.0 13.7
Geometric mean 2.2 2.4 2" 22.6
SD 36 1.7 2.6 1.6
GAGR 54 14.6 111 34 1.8 12.4
CEUM 56 14.0 82 27 2.2 5.6
FDSA 68 15.0 118 42 2.0 118
JFFM 67 14.2 6l 20 2.7 16.3
MFICZ 57 15.0 82 22 2.8 11.6
ERMR 61 15.3 103 3 1.0 19.3
HRLT 59 16.2 76 31 3.0 16,2
NRM 65 14.1 109 40 3.2 IK.S
HSLD 64 15.3 122 3 4.0 4.2
JFGC. 57 134 153 19 4.6 16.8
CATL 64 14.8 141 36 S5 2.9
BMG 59 15.1 116 KK 6.3 3.5
EMS 64 15.1 86 29 11.0 16.0
HHLA 74 IS.8 97 28 16.2 57.0
Arithmetic mecan 4.9 27.3
SD 4.0 17.4
Geometric mean 39 22.6
SD 1.9 1.9

"% Percent saturation of total iron hinding capacity.
coffee. P <0.01.

"I2()ghl.u.k bean g;'ticl + 4 tortillas 4 1 roll + 1 cup of
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value of around 2.3 to 9.5%, that is, a 4-
fold increase. This effect of ascorbic acid is
the samc as that observed for Fea(S0,);
under the same conditions (without ascorbic
acid 1.6%, with ascorbic acid 6.8%).

Another important characteristic of the
NaFcEDTA iron pool is that within the
limits studied, its percent absorption when
given with a meal remains constant indepen-
dent of the total amount of iron adminis-
tered. This is clearly different from the
dramatic drop in percent absorption ob-
served with both hemoglobin and Fey(SO,);
when the total amount of iron was incrcased
from 5 to 50 mg.

The percent absorption of iron from
NaFcEDTA given with the standard meal
in the rural adult male population which
prescnted a high prevalence of iron dcfi-
cicncy and anemia was higher than that of
the normal groups; however, when cx-
pressed as percent absorption of that from
the reference dose of ferrous ascorbate re-
maincd relatively constant (means: 13.2 and
12.9. respectively). The same applics to
Fcy(SO,)s (means: 6.8 and 5.0, respec-
tively). Thercfore, we conclude that the
intestinal regulatory mechanisms operate.in
the casc of NaFecEDTA as thcy do with
dictary iron and most nonheme and heme
iron sources administered in small doscs.

In conclusion. NaFeEDTA can be consid-
cred as a very good compound to use in iron
fortification in. Central America, since its
bioavailability is adequate and its absorp-
tion scems less hampered by inhibitors pres-
ent in the staple foods consumed in this
arca. An added factor to be considered.for
the usc of this compound is the cssential
abscnce of EDTA in the dict of this region.
Bascd on Cook and Monsen's data (24) this
iron compound may not be suitable for
fortifying diets alrcady containing EDTA as
an additive. F
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