REPORT
Safety Assessment of EDTA, Calcium
Disodium E D T A . Diammonium EDTA,
Dipotassium EDTA
. 7 Disodium EDTA, TEAEDTA, Tetrasod=um EDTA, Tripotassium
EDTA, Trisodium EDTA, HEDTA and
Trisodium HEDTA
ABSTRACT
EDTA (ethylenediamine tetraacetic acid) and its salts are substituted diamines. HEDTA (hydroxyethyl
ethylenediamine triacetic acid) and its trisodium salt are substituted amines. These ingredients function
as chelating agents in cosmetic formulations. The typical concentration of use of EDTA is less than 2%,
with the other salts in current use at even lower concentrations. The lowest dose reported to cause a
toxic effect in animals was 750 mg/kg/day. These chelating agents are cytotoxic and weakly genotoxic,
but not carcinogenic. Oral exposures to EDTA produced adverse reproductive and developmental effects
in animals. Clinical tests reported no absorption of an EDTA salt through the skin. These ingredients, are
likely, however, to affect the passage of other chemicals into the skin because they will chelate calcium.
Exposure to ED TA in most cosmetic formulations, therefore, would produce systemic exposure levels well
below those seen to be toxic in oral dosing studies. Exposure to EDTA in cosmetic formulations that may
be inhaled, however, was a concern. An exposure assessment done using conservative assumptions
predicted that the maximum EDTA dose via inhalation of an aerosolized cosmetic formulation is below that
which has been shown to produce reproductive or developmental toxicity. Because of the potential to
increase the penetration of other chemicals, formulators should continue to be aware of this when
combining these ingredients with ingredients that previously have been determined to be safe primarily
because they were not significanUy absorbed. Based on the available data, the CIR Expert Panel found
that these ingredients are safe as used in cosmetic formulations.

INTRODUCTION
Ethylenediamine Tetraacetic Acid (EDTA) and its
salts are substituted diamines; Hydroxyethyl
Ethylenediamine Triacetic Acid (HEDTA) and its
salt, Trisodium HEDTA, are substituted amines.
These ingredients function as chelating agents in
cosmetic formulations by combining with
polyvalent metal cations in solution to form
soluble ring structures. EDTA and its salts
(known collectively as Edetates) have uses in
foods, pharmaceutical products, and
manufacturing, and are used to treat heavy
metal poisoning and to reduce blood cholesterol.

CHEMISTRY
Definition a n d Structure
EOTA, HEDTA, and their salts conform to the
formulas depicted in Figure 1 (Wenninger and
McEwen, 1997).
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EDTA (CAS No. 60-00-4) is a substituted
diamine. The food- and pharmaceutical-grade
compound contains not less than 98.0% and not
more than 100.5% of C10H~6N208(U.S.
Pharmacopeial Convention, Inc., 1995). The
cosmetic-grade material contains 99.0-102.0%
EDTA (Nikitakis and McEwen, 1990a).
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Other names for this ingredient include Edetic
Acid; Edetic Acid (EDTA); Ethylene Diamine
Tetra Acetic Acid; N,N'-1,2-Ethanediylbis[N(Carboxymethyl)Glycine]; Glycine, N,N'-1,2Ethanediylbis[N-(Carboxymethyl)- (Wenninger
and McEwen, 1997); Ethylenediaminetetraacetic
acid; Versenic Acid (Grant, 1972); Edetate
(Taylor, 1988); (Ethylenedinitrio)Tetraacetic
Acid; Edathamil (Budavari, 1989; Gennaro,
1990; U.S. Pharmacopeial Convention, Inc.,
1995); Ethylenedinitrilotetraacetic Acid;
Ethylenebisiminodiacetic Acid (Lewis, 1993); and
3,6-Diazooctanedioic Acid, 3,6bis(Carboxymethyl)- [Registry of Toxic Effects of
Chemical Substances (RTECS), 1997].
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FIGURE 1
STRUCTURES OF EDTA, HEDTA, AND THEIR
SALTS
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ingredient are Dipotassium Edetate Dihydrate;
N,N'-1,2-Ethanediylbis[N(Carboxymethyl)Glycine], Dipotassium Salt; and
Glycine, N,N'-1,2-Ethanediylbis[N(Carboxymethyl)-, Dipotassium Salt (Wenninger
and McEwen, 1997).

Calcium Disodium EDTA

Calcium Disodium EDTA (CAS No. 62-33-9) is a
substituted diamine (Wenninger and McEwen,
1997). The food- and pharmaceutical-grade
chemical is a mixture of the dihydrate and
trihydrate of Calcium Disodium EDTA
(predominantly the dihydrate), and contains not
less than 97.0% and not more than 100.2% of
CloHI2CaN2Na208, calculated on the anhydrous
basis (Gennaro, 1990; U.S. Pharmacopeial
Convention, Inc., 1995).

Disodium EDTA

Disodium EDTA (CAS No. 139-33-3) is a
substituted diamine (Wenninger and McEwen,
1997). When dried, the cosmetic-grade material
contains not less than 99.0% of Disodium EDTA
(Yakugi Nippo Ltd., 1979); it contains 76.077.5% EDTA (Nikitakis and McEwen, 1990a).
The pharmaceutical-grade material contains not
less than 99.0% and not more than 101.0% of
C10H14N2Na2Oa,calculated on a dried basis (U.S.
Pharmacopeial Convention, Inc., 1995).

Synonyms for this ingredient are Calcium
Disodium Ethylenediamine Tetraacetic Acid;
Calcium Disodium Ethylenediaminetetraacetate;
Edetate Calcium Disodium (Wenninger and
McEwen, 1997); Calciate(2-), [[N,N'-I,2Ethanediylbis[N-(Carboxymethyl)-Glycinato]](4)N,N',O,O',ON,oN']-, Disodium, Hydrate, (OC-621)-; Disodium [Ethylenedinitrilo)Tetraacetato]
Calciate(2-) Hydrate (U.S. Pharmacopeial
Convention, Inc., 1995); Edathamil Calcium
Disodium; CaNa2EDTA; Calcium Disodium
(Ethylenedinitrilo)-Tetraacetate (Gosselin et al.,
1984); EDTA Calcium; Calcium Disodium
Edetate; [(Ethylenedinitrilo)Tetraacetato]Calciate(2-)Disodium;
Ethylenediaminetetraacetic AcJd Calcium
Disodium Chelate; Calcium Disodium
(Ethylenedinitrilo)-Tetraacetate; Edetic Acid
Calcium Disodium Salt; Sodium Calciumedetate;
Calcitetracemate Disodium; Calcium Disodium
Versenate (Budavari, 1989); Calcium Disodium
Edathamil; and Calcium Sodium Edetate (Taylor,
1988).

Synonyms for Disodium EDTA include Disodium
Edetate; Disodium N,N'-l,2-Ethanediylbis[N(Carboxymethyl)Glycine]; Disodium Ethylenediaminetetraacetate; Edetate Disodium; Gly-cine,
N,N'-1,2-Ethanediylbis[N-(Carboxymethyl)-,
Disodium Salt (Wenninger and McEwen, 1997);
Sodium Versenate; Disodium (Ethylene
dinitrilo) Tetraacetate Dihydrate (Gennaro,
1990); (Ethylenedinitrilo)-Tetraacetic Acid
Disodium Salt; Ethylenediaminetetraacetic Acid
Disodlum Salt; Ethylenebis(Iminodiacetic Acid)
Disodium Salt; Disodium Edathamil; EDTA
Disodium; Terrace-mate Disodium; Disodium
Ethylenediaminetetraacetate; Endrate Disodium; Versene Disodium Salt; Edathamil
Disodium (Budavari, 1989); and Sequestrene
(Sax, 1979).

Diammonium EDTA

Diammonium EDTA (CAS No. 20824-56-0) is a
substituted diamine that is also known as
Diammonium Edetate; Diammonium N,N'-I,2Ethanediylbis[N-(Carboxymethyl)Glycine];
Edetate Diammonium; Diammonium
Ethylenediaminetetraacetate; and Glycine, N,N'1,2-Ethanediylbis[N-(Carboxymethyl)-,
Diammonium Salt (Wenninger and McEwen,
1997).

TEA-EDTA

TEA-EDTA (CAS No. 60544-70-9) is a
triethanolamine (TEA) salt of EDTA (q.v.).
Synonyms for this ingredient are
Triethanolamine EDTA and Glycine, N,N'-1,2Ethanediylbis[N-(Carboxymethyl)- Compd. with
2,2',2"-Nitrilotris[Ethanol] (Wenninger and
McEwen, 1997).

Dipotassium EDTA
Tetrasodium EDTA

Dipotassium EDTA (CAS No. 2001-94-7) is a
substituted diamine. Synonyms for this

Tetrasodium EDTA (CAS No. 64-02-8) is a
3

substituted amine. The cosmetic-grade material
contains a minimum of 99.0% Tetresodium
EDTA as Na4EDTA ° 2H20 (Nikitakis and
McEwen, 1990b; Wenninger and McEwen,
1997).
Tetrasodium EDTA is also known as Edetate
Sodium; N,N'-1,2-Ethanediylbis[N(Carboxymethyl)Glycine], Tetrasodium Salt;
Glycine, N,N'-1,2-Ethanediylbis[N(Carboxymethyl)-, Tetrasodium Salt; Sodium
Edetate; Tetrasodium Edetate; Tetrasodium
Edetate Dihydrate; Tetrasodium Ethylene
Diamine Tetraacetate (Wenninger and McEwen,
1997); Ethylenediaminetetraacetic Acid
Tetrasodium Salt; Ethylenebis(Iminodiacetatic
Acid) Tetrasodium Salt; Tetrasodium
Ethylenebis(Iminodiacetate); EDTA Disodium;
Edetic Acid Tetrasodium Salt; Tetracemate
Tetrasodium; Tetracemin; Endrate Tetrasodium
(Budavari, 1989); Edathamil Tetrasodium; and
Tetrasodium Ethylenediamine-N,N,N',N'Tetraacetate [Hazardous Substances Data
Base (HSDB), 1998].
Tripotassium EDTA

Tripotassium EDTA (CAS No. 17572-97-3) is a
substituted diamine that is also known as
Edetate Tripotassium; N,N'-1,2-Ethanediylbis[N(Carboxymethyl)Glycine], Tripotassium Salt; and
Giycine, N,N'-1,2-Ethanediylbis[N(Carboxymethyl)-, Tripotassium Salt (Wenninger
and McEwen, 1997).
Trisodium EDTA

Trisodium EDTA (CAS. No. 150-38-9) is a
substituted amine. The cosmetic-grade material
contains a minimum of 98% of Trisodium EDTA
(Nikitakis and McEwen, 1990a; Wenninger and
McEwen, 1997).
Trisodium EDTA is also known as Trisodium
EDTA, Monohydrate (Nikitakis and McEwen,
1990a); Edetate Trisodium; N,N'-I,2Ethanediylbis[N-(Carboxymethyl) Glycine],
Trisodium Salt; Glycine, N,N'-1,2Ethanediylbis[N-(Carboxymethyl)-, Trisodium
Salt; Trisodium Edetate; Trisodium
Ethylenediamine Tetraacetate; Trisodium
Hydrogen Ethylene Diaminetetraacetate
(Wenninger and McEwen, 1997); Trisodium
Ethylenediaminetetraacetate;

Ethylenediaminetetraacetic Acid Trisodium Salt;
and Edetic Acid Trisodium Salt (Budavari, 1989).
HEDTA

HEDTA (CAS No. 150-39-0) is a substituted
amine. Synonyms for this compounds are N-[2[Bis(Carboxymethyl) Amino]Ethyl]-N-(2Hydroxyethyl)Glycine; Hydroxyethyl
Ethylenediamine Triacetic Acid; Glycine, N-[2[Bis(Carboxymethyl) Amino]Ethyl]-N-(2Hydroxyethyl)- (Wenninger and McEwen, 1997);
Hydroxyethylethylenediaminetriacetic Acid
(Lewis, 1993); HEEDTA (Hart, 1984; HSDB,
1998; RTECS, 1997); (N-Hydroxyethylethylenedinitrilo)Triacetic Acid; Oxyethylethylenediaminetriacetic Acid; (2-Hydroxyethyl)Ethylenediaminetdacetic Acid; N-(Beta-Hydroxyethylethylenediamine)-N,N',N'-Triacetic Acid; N(Hydroxyethyl) Ethylenediaminetriacetic Acid;
and N-(2-Hydroxyethyl)Ethylenediamine-N,N',N'Triacetic Acid (HSDB, 1998).
Trisodium HEDTA

Trisodium HEDTA (CAS No. 139-89-9) is a
substituted amine that is also known as N-[2Bis(Carboxymethyl)Amino]Ethyl]-N-(2Hydroxyethyl)Glycine, Trisodium Salt; Glycine,
N-[2-Bis(Carboxymethyl)Amino]Ethyl]-N-(2Hydroxyethyl)-, Trisodium Salt; Trisodium
Hydroxyethyl Ethylenediaminetriacetate;
Trisodium Hydroxyethyl Ethylenediamine
Triacetate (Dihydrate); and Trisodium
Hydroxyethyl Ethylenediamine Triacetate
Solution (Wenninger and McEwen, 1997).

Chemical and Physical Properties
EDTA

EDTA is a white, odorless, nonhygroscopic
crystalline powder. It decomposes over a
melting range of 234-250"C. it contains a
maximum of 50 ppm of heavy metals (as Pb),
and has a 0.5% maximum residue on ignition
(Nikitakis and McEwen, 1990a). The molecular
weight of this compound is ~292.24 (Budavari,
1989; Aldrich Chemical Company, 1992; U.S.
Pharmacopeial Convention, 1995). EDTA is
slightly soluble in water, soluble in solutions of
alkali hydroxides, and is insoluble in common
organic solvents. (Gennaro, 1990; Lewis, 1993).

Calcium Disodium EDTA

Tripotassium EDTA

Calcium Disodium EDTA is a white to off-white,
crystalline or granular powder with a faint, salinelike taste that is odorless and slightly
hygroscopic. It is soluble in water such that a
0.1 M solution (pH=7) can be prepared at 30"C;
it is "practically insoluble" in organic solvents.
The pH of a 1:5 or 1:100 solution is 6.5-8.0. The
molecular weight (anhydrous) is 374.27-410.3
and the melting point is >300"C [Budavari, 1989;
Gennaro, 1990; Aldrich Chemical Company,
1992; U.S. Pharmacopeial Convention, 1995;
National Academy of Sciences (NAS), 1996].

Tripotassium EDTA has a molecular weight of
442.56 and decomposes at 182"C (Aldrich
Chemical Company, 1992).

Trisodium EDTA
Trisodium EDTA is a white crystalline powder
with a molecular weight of -358.2 and a melting
point of >300"C. It is more soluble in water than
Disodium EDTA or the corresponding free acid,
and is insoluble in organic solvents. The pH of a
1% aqueous solution is 9.3-12 (Budavari, 1989;
Nikitakis and McEwen, 1990a; Aldrich Chemical
Company, 1992).

Diammonium EDTA
Diammonium EDTA has a molecular weight of
326.31 and decomposes at 218"C (Aldrich
Chemical Company, 1992).

Analytic Methods
DJsodium EDTA has been determined in
ophthalmic and contact lens care solutions using
reversed-phase high-performance liquid
chromatography (Hall and Takahashi, 1988) and
differential pulse polarography (Carlson and
Habeger, 1980). Hamano et al. (1985) used
column chromatography to perform a separative
determination of Disodium EDTA and EDTAmetals in foods.

Dipotassium EDTA
The molecular weight of Dipotassium EDTA is
404.47 and the compound decomposes at 272"C
(Aldrich Chemical Company, 1992).

Disodium EDTA

Ultraviolet A b s o r b a n c e

Disodium EDTA is a water-soluble, almost
odorless, white crystal or crystalline powder with
a molecular weight of 336.21-372.24. The pH of
a 1:100 solution is 4.3-4.7 and the p H of a 1:20
solution is 4.0-6.0. Disodium EDTA
decomposes at 252"C. The melting point of
Disodium EDTA is 240"C, the flash point is >
100"C, and it is soluble in water (-100g/I) at 20"C
(Yakuji Nippo, Ltd., 1979; Budavari, 1989;
Gennaro, 1990; NAS, 1996; BASF, 1996a).

Tetrasodium EDTA (4 mM in 20 mM HEPES
buffer; pH=7.4) had an absorption peak at 280
nm. When the salt was dissolved in water, the
absorption changed as a function of pH. A
concentration of 10 mM Tetrasodium EDTA was
titrated with HCI. At pH 11, the absorption
intensity (A24o)was 2.8; at pH 8, the A24o was
2.45; at pH 4, the A24o was 0.2; and at pH 2, the
A24o was 0.55. The further addition of HCI
precipitated EDTA as free acid (MOiler and
Haeberli, 1994).

Tetrasodium EDTA

Lee and Pirt (1979) reported that 1 g/I EDTA
decomposed (to 0.4%) when exposed to sunlight
for 53 h; the UV absorption peak occurred at
-210 nm. Culture media containing 0.25 g/I
(0.86 mmol) EDTA also decomposed. Fresh
media had three absorption peaks at 192 nm,
202 rim, and 250 nm, whereas exposed media
had no band at 250 nm.

Tetrasodium EDTA has a molecular weight of
-380.2 and a melting point of >300"C. It is a
powder with an apparent density of 6.9 Ib/gallon
and is very soluble in water (103 g/100 mr). It is
less soluble in alcohol than the potassium salt
(Budavari, 1989; Aldrich Chemical Company,
1992). The pH of a 1% Tetrasodium EDTA
solution at 25"C is 11-12 (J. Lowenstein and
Sons, Inc., 1996).

Reactivity
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MQIler and Haeberli (1994) reported that EDTA
can form supramolecular aggregates, the
formation of which was a function of pH. The
investigators based their conclusion on results of
UV-spectroscopy, gel permeation
chromatography, dialysis, and cry-electron
microscopy. At pH 4, EDTA had the maximum
number of charges (four negative from
carboxylates, two positive from the imino
moieties), which gave the molecule maximum
solubility and minimum UV absorption. The
removal of protons induced increases of UV
absorption, which was interpreted as the
formation of aggregates. At basic pH, the
molecule was strongly polarized, with each edge
having two negative charges separated by an
uncharged and apolar region. The aggregates
were present at pHs in the physiological range.
The molecular weights of the aggregates were
10,000-15,000 and 8000-14,000, as determined
using gel chromatography and dialysis,
respectively. Cry-electron microscopy produced
evidence of structures of 2-4 nm diameter.

EDTA, the Edetates, HEDTA, and Trisodium
HEDTA are chelating agents. They are
neutralized by alkali-metal hydroxides to form
water-soluble salts, or chelates, that contain
metal cations (Budavari, 1989; Gennaro, 1990;
Lewis, 1993). Chelating agents such as EDTA
are anionic. EDTA forms a tetranegative anion,
and is strongly attracted to alkaline earth and
transition metal ions. During a reaction with
EDTA, the metal ion is converted to an anionic
form as part of a metaI-EDTA complex; thus, the
oxidation-reduction potential of the metal ion is
altered and the partitioning of the metal to the
aqueous phase is enhanced (Hart, 1984). The
chelating action of EDTA occurs at alkaline pH
as long as metallic ions are available, until all the
EDTA molecules are utilized. One mole of
EDTA chelates one mole of metallic ions (Saquy
at al., 1994).
Generally, EDTA is stable as a solid and in
aqueous solution. Only strong oxidizing agents
can attack it chemically. The stability of EDTAmetal chelates increases according to the order:
Na ÷ < Ca2* < Fe2* < Co2* < Zn 2* < Cu 2* < pb 2÷<
Fe3.
The chelates are water-soluble, but are not
ionized in aqueous solution (Heindorff et al.,
1983). The affinity of HEDTA for divalent metal
ions is similar to that of EDTA in the acid pH
range, but metal chelates of HEDTA are much
more susceptible to metal hydrolysis and other
interferences in the alkaline pH range. In
general, the difference in metal ion affinity of
EDTA over HEDTA is greater for less basic ions
(Chaberek and Martell, 1955).

Method of Manufacture
All of the industrially used methods of
manufacture of EDTA and its salts have involved
the addition of formaldehyde and hydrogen
cyanide or an alkali metal cyanide to an aqueous
solution of EDTA. The salts, or edetates, are
then formed by hydrolysis (HSDB, 1998). EDTA
can also be formed by heating
tetrahydroxyethyl-ethylenediamine with sodium
or potassium hydroxide using a cadmium oxide
catalyst (Lewis, 1993).
EDTA and Trisodium EDTA were formed when
ethylenediamine was condensed with sodium
monochloroacetate in the presence of sodium
carbonate. An aqueous solution of the reactants
was heated to 90" for 10 h, then was cooled and
acidified with hydrochloric acid, whereupon the
acid precipitated (Gennaro, 1990).

EDTA can enhance the effects of natural
antioxidants (e.g. ascorbic acid) in vegetable oils
by eliminating or deactivating the effects of
metal-catalyzing autoxidation, but it has little to
no effect in animal fats (Swern, 1979).
EDTA is less stable than its salts and tends to
decarboxylate when heated to 150"C. It is stable
when stored and when boiled in aqueous
solution (Budavari, 1989). Calcium Disodium
EDTA is stable in air (Gennaro, 1990). Disodium
EDTA has some characteristics of weak acids; it
displaces carbon dioxide from carbonates and
reacts with metals to form hydrogen (Budavari,
1989).

Calcium Disodium EDTA was produced by
boiling an aqueous solution of Disodium EDTA
with slighfiy more than an equimolar quantity of
calcium carbonate until carbon dioxide was no
longer evolved. The resulting solution was
filtered while hot and crystallized (Gennaro,
1990).
Disodium EDTA was prepared by dissolving
6

could contain an unspecified amount of the
starting material, formaldehyde (Fregert and
Gruvberger, 1980). Disodium EDTA is not
expected to contain preservatives, antioxidants,
or sequestering agents for the purposes of
stabilization. Disodium EDTA is not expected to
contain pesticides, 1,4-dioxane, free ethylene
oxide, monochloroacetic acid, sulfite, organic
solvents, nitrosamines, or other substances.
The maximum concentration of heavy metals
and formaldehyde is 10 ppm and 100 ppm,
respectively (BASF, 1996b).

EDTA into a hot solution that contained two
equivalents of sodium hydroxide. The solution
was then allowed to crystallize (Gennaro, 1990).
Tetrasodium EDTA was formed by reacting a
basic solution of ethylenediamine with
formaldehyde and sodium or hydrogen cyanide,
followed by hydrolysis to form the salt (Lewis,
1993). It can also be produced by using excess
sodium hydroxide in the reaction. The
intermediate ethylenediaminetetracetonitrile can
be isolated and hydrolyzed to ammonium EDTA
in a separate step (HSDB, 1998). It was
supplied either in anhydrous form or hydrated
with two molecules of water per molecule of the
salt (Lewis, 1993).

USE
Cosmetic

Trisodium EDTA was formed by heating
tetrahydroxyethylethylenediamine with sodium or
potassium hydroxide with calcium oxide catalyst
(Lewis, 1993).

EDTA, HEDTA, and their salts function as
chelating agents in cosmetics (Wenninger and
McEwen, 1997). EDTA, Dipotassium EDTA,
Disodium EDTA, Tetrasodium EDTA,
Tripotassium EDTA, Trisodium EDTA, HEDTA,
and Trisodium HEDTA were used in a total of
4168 cosmetic formulations (Table 1); Calcium
Disodium EDTA, Diammonium EDTA, and TEAEDTA were not reported used [Food and Drug
Administration (FDA), 1998a].

Impurities
The Dow Chemical Company (1987) reported
that mixtures comprised mainly of pentasodium
EDTA or Trisodium EDTA can contain "very
small amounts" (not quantified) of nitrilotriacetate
(NTA). NTA is listed as a potential carcinogen
by the NTP. It was stated that:

Data submitted to the FDA in 1984 indicated that
EDTA and Tetrasodium EDTA were used
typically at concentrations up to 1%, but one
formulation each contained concentrations of
25%. Disodium EDTA and Trisodium were
reported used at concentrations of ~5%, but the
typical concentration used were ~ 1% and ~0.1%,
respectively. Trisodium HEDTAwas used at a
concentration of 10% in one formulation, but was
more often used at concentrations of ~1%.
Dipotassium EDTA and Tripotassium EDTA
were used at unknown concentrations, and
Calcium Disodium EDTA, Diammonium EDTA,
TEA-EDTA, and HEDTA were not reported used
(FDA, 1984). Data submitted by industry
indicate current concentration of use data for
EDTA and its edetates (see Table 2).

Although large dietary doses of [NTA] have
caused udnary tumors in laboratory animals, there
is little likelihood that it could cause cancer in
humans, especially at subtoxic doses....It is
evident from a review of the animal data that
extrapolation from data from rats to man is
inappropriate since NTA is readily absorbed from
the [G[] tract of the rat and poody absorbed from
the [GI] tract of man. The pdmary excretory route
for NTA in the rat is via the urine. At comparable
dose levels the 72 hour urinary excretions of NTA
given as a percent of administered dose are: rat,
95%; dog, 69%; rabbit, 23%; monkey, 14%. Man
has been reported to excrete NTA much like the
rabbit and monkey, approximately 90% of the oral
dose being excreted in 72 hours, 12% of which is
excreted in the udne and 77% in the feces. NTA
is not significantly biotransformed by mammals.
In the rat less than 1% was expired as CO z in 72
hours.

It was also reported that Tetrasodium EDTA
Table 1
Product Formulation Data
(FDA, 1998a)
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Product Category

Total No. Formulations in
Category

Total No. Formulations
Containing Ingredient

EDTA
Bubble Baths

200

1

Other Bath Preparations

159

2

Eyeliner

514

1

Eye Lotion

18

1

Eye Makeup Remover

84

2

Mascara

167

1

Colognes and Toilet Waters

656

1

Other Fragrance
Preparations

148

1

Hair Conditioners

636

3

Hair Straighteners

63

1

Permanent Waves

192

4

Rinses (Non-Coloring)

40

1

Shampoos (Non-Coloring)

860

58

Tonics, Dressings, and Other
Hair Grooming Aids

549

3

Wave Sets

55

2

1572

663

Hair Tints

54

20

Hair Shampoos (Coloring)

24

1

Hair Lighteners with Color

6

4

Hair Bleaches

113

34

Other Hair Coloring
Preparations

59

3

Face Powders

250

2

Foundations

287

2

Other Makeup Preparations

135

1

Basecoats and Undercoats

48

2

Nail Creams and Lotions

17

1

Bath Soaps and Detergents

385

7

Deodorants (Underarm)

250

3

Other Personal Cleanliness
Products

291

9

Hair Dyes and Colors

Table 1 (Continued). PRODUCT FORUMULATION DATA
Product Category

Total No. Formulations in
Category

Total No. Formulations
Containing Ingredient

Cleansing Preparations

653

17

Face and Neck (Excl.
Shaving) Preparations

263

7

Body and Hand (ExcJ.
Shaving) Preparations

796

8

Moisturizing Preparations

769

15

Night Preparations

188

5

Paste Masks (Mud Packs)

255

6

Skin Fresheners

184

3

Other Skin Care
Preparations

692

16

Suntan Gels, Creams, and
Liquids

136

9

Other Suntan Preparations

38

3

1998 Total

923

DIPOTASSlUM EDTA
=

.

Eye Makeup Remover

84

t

Cleansing Preparations
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3

Body and Hand (Excl.
Shaving) Preparations
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3
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1

Night Preparations

188

3

Paste Masks (Mud Packs)
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Other Skin Care
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1

Suntan Gels, Creams, and
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DISODIUM EDTA

Baby Shampoos

21

1

Baby Lotions, Oils, Powders,
and Creams

53

1

Other Baby Products

29

3

Bath Oils, Tablets, and Salts

124

3

Bubble Baths

200

24

9

Table I (Continued). PRODUCT FORUMULATION DATA
Product Category

Total No. Formulations in
Category

Total No, Formulations
Containing Ingredient

Other Bath Preparations

159

50

Eye Lotion

18

2

Eye Makeup Remover

84

10

Mascara

167

2

Other Eye Makeup
Preparations

120

19

Colognes and Toilet Waters

656

10

Perfumes

195

1

Other Fragrance
Preparations

148

22

Hair Conditioners

636

95

Permanent Waves

192

9

Rinses (Non-Coloring)

40

5

Shampoos (Non-Coloring)

860

131

Tonics, Dressings, and Other
Hair Grooming Aids

549

36

Wave Sets

55

3

Other Hair Preparations

276

23

Hair Dyes and Colors

1572

33

Hair Tints

54

1

Hair Shampoos (Coloring)

24

9

Hair Bleaches

113

27

Other Hair Colodng
Preparations

59

6

Foundations

287

13

Makeup Bases

132

2

Rouges

12

1

Makeup Fixatives

11

1

Other Makeup Preparations

135

3

Nail Polish and Enamel
Removers

34

1

Bath Soaps and Detergents

385

30

Deodorants (Underarm)

250

2

10

Table 1 (Continued). PRODUCT FORUMULATION DATA
Product Category

Total No. Formulations in
Category

Total No. Formulations
Containing Ingredient

Other Personal Cleanliness
Products

291

23

Aftershave Lot[o~

216

22

Shaving Cream

139

5

Shaving Soap

<4

1

Other Shaving Preparation
Products

60

6

Cleansing Preparations

663

73

Depilatories

28

1

Face and Neck (Excl.
Shaving) Preparations

263

32

Body and Hand (Exd.
Shaving) Preparations

796

88

Foot Powders and Sprays

35

5

Moisturizing Preparations

769

132

Night Preparations

188

27

Paste Masks (Mud Packs)

255

28

Skin Fresheners

184

27

Other Skin Care
preparations

692

67

Suntan Gels. Creams. and
Liquids

136

16

Indoor Tanning Preparations

62

16

Other Suntan Preparations

38

15

1998 Total

1165
TETRASODIUM EDTA

Baby Shampoos

21

7

Baby Lotions. Oils. Powders,
and Creams

53

1

Other Baby Products

29

6

Bath Oils, Tablets. and Salts

124

5

Bubble Baths

200

49

Bath Capsules

<4

1

Other Bath Preparations

159

50

Eyeliner

614

1

11

Table 1 (Continued). PRODUCT FORUMULATION DATA
Product Category

Total No. Formulations in
Category

Total No. Formulations
Containing Ingredient

Eye Shadow

506

5

Eye Lotion

18

2

Eye Makeup Remover

84

7

Mascara

167

7

Other Eye Makeup
Preparations

120

2

Colognes and Toilet Waters

656

6

Other Fragrance
Preparations

148

5

Hair Conditioners

636

48

Hair Straighteners

63

2

Permanent Waves

192

32

Rinses (Non-Coloring)

40

4

Shampoos (Non-Coloring)

860

254

Tonics, Dressings, and Other
Hair Grooming Aids

549

31

Wave Sets

55

3

Other Hair Preparations

276

33

Hair Dyes and Colors

1572

215

Hair Shampoos (Coloring)

24

2

Hair Lighteners with Color

6

1

Hair Bleaches

113

5

Other Hair Coloring
Preparations

59

2

Blushers (All Types)

238

12

Face Powders

250

1

Foundations

287

15

Lipstick

790

1

Makeup Bases

132

1

Other Makeup Preparations

135

3

Cuticle Softeners

19

3

Nail Creams and Lotions

17

1

Bath Soaps and Detergents

385

113

12

Table 1 (Continued). PRODUCT FORUMULATION DATA
Product Category

Total No. Formulations in
Category

Total No. Formulations
Containing Ingredient

Deodorants (Underarm)

250

9

Other Personal Cleanliness
Products

291

46

Aftershave Lotion

216

15

Shaving Cream

139

5

Other Shaving Preparation
Products

60

1

Cleansing Preparations

653

71

Face and Neck (Exd.
Shaving) Preparations

263

17

Body and Hand (Excl.
Shaving) Preparations

796

66

Foot Powders and Sprays

35

4

Moisturizing Preparations

769

43

Night Preparations

188

9

Paste Masks (Mud Packs)

255

7

Skin Fresheners

184

12

Other Skin Care
Preparations

692

33

Suntan Gels, Creams, and
Liquids

136

8

Indoor Tanning Preparations

62

2

Other Suntan Preparations

38

1

1998 Total

1285
TR[POTASSIUM EDTA

Eye Makeup Remover

84

1998 Total

1
1

TRISODIUM EDTA

Other Baby Products

29

1

Bath Oils, Tablets, and Salts

124

1

Bubble Baths

200

2

Other Bath Preparations

'~59

4

Eyebrow Pencil

91

1

Eyeliner

514

16

13

Table I (Continued). PRODUCT FORUMULATION DATA
Product Category

Total No. Formulations in
Category

Total No. Formulations
Containing Ingredient

Eye Shadow

506

59

Eye Lotion

18

4

Eye Makeup Remover

84

9

Mascara

167

24

Other Eye Makeup
Preparations

120

15

Colognes and Toilet Waters

656

2

Powders

247

2

Other Fragrance
Preparations

148

7

Hair Conditioners

636

8

Hair Sprays (Aerosol
Fixatives)

261

2

Shampoos (Non-Coloring)

860

12

Tonics, Dressings, and Other
Hair Grooming Aids

549

3

Wave Sets

55

3

Other Hair Preparations

276

1

Hair Dyes and Colors

1572

17

Other Hair Coloring
Preparations

59

1

Blushers (All Types)

238

4

Face Powders

250

9

Foundations

287

50

Lipstick

790

3

Makeup Bases

132

19

Rouges

12

1

Makeup Fixatives

11

1

Other Makeup Preparations

135

7

Cuticle Softeners

19

5

Nail Creams and Lotions

17

3

Other Manicuring
Preparations

61

2

Mouthwashes and Breath
Fresheners

49

1

14

Table 1 (Continued). PRODUCT FORUMULATION DATA
Product Category

Total No. Formulations in
Category

Total No. Formulations
Containing Ingredient

Bath Soaps and Detergents

385

10

Deodorants (Underarm)

250

1

Other Personal Cleanliness
Products

291

6

Aftershave Lotion

216

8

Shaving Cream

139

3

Other Shaving Preparation
Products

60

4

Cleansing Preparations

653

44

Face and Neck (Excl.
Shaving) Preparations

263

10

Body and Hand (Excl,
Shaving) Preparations

796

53

Foot Powders and Sprays

35

2

Moisturizing Preparations

769

74

Night Preparations

188

19

Paste Masks (Mud Packs)

255

12

Skin Fresheners

184

9

Other Skin Care
Preparations

692

51

Suntan Gels, Creams, and
Liquids

136

1

Indoor Tanning Preparations

62

8

Other Suntan Preparations

38

2

1998 Total

616

HEDTA
Permanent Waves

192

1

t

1998 Total

TRISODIUM HEDTA
Other Bath Preparations

159

2

Mascara

167

1

Permanent Waves

192

9

Shampoos (NomColodng)

860

13

15

Table 1 (Continued).
Product Category

PRODUCT FORUMULATION DATA

Total No. Formulations in
Category

Total No. Formulations
Containing Ingredient

Tonics, Dressings, and Other
Hair Grooming Aids

549

t

Hair Dyes and Colors

1572

98

Cuticle Softeners

19

2

Bath Soaps and Detergents

385

17

Deodorants (Underarm)

250

6

Other Personal Cleanliness
Products

291

3

Cleansing Preparations

653

4

Moisturizing Preparations

769

2

Other Skin Care
Preparations

692

1

1998 Total

159

TABLE 2
C O N C E N T R A T I O N O F USE D A T A
(CTFA, 1998a.,1998b and 1999a, 1999b)
Range of Maximum Concentrations
(%)

Product Type
EDTA
Other baby products

0.03

Eye makeup remover

0.03-0.05

Shampoos (noncoloring)

0.2-0.3

Tonics. dressings, and other hair grooming aids

0.05-0.1

Wave sets

0.05

Permanent waves

0.05

Hair dyes and colors (all types requiring caution
statement and patch test)

0.2-2

Hair tints

0.05

Hair lighteners with color

2.0

Hair bleaches

1.0

Other hair colodng preparations

0.02-2

Face powders

0.1

Foundations

0.%0.5
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TABLE 2
CONCETRATION OF USE (CON'T)

Product Type

Range of Maximum Concentrations
(%)

Bath soaps and detergents

0.0~0.3

Deodorants (underarm)

0.1-0,5

Other personal cleanliness products

0.2

Skin cleansing (cold creams, cleansing lotions, liquids
and pads)

0.05

Body and hand creams, lotions, powders, and sprays
(excluding shaving preparations)

0.05-0.5

Moisturizing creams, lotions, powders, and sprays

0.1

Other skin care preparations

0.1

Suntan gels, creams and liquids

0.05

Face treatment

0.03

Skin protectant

0.1

Disodium EDTA
Eyebrow pencil

0.2

Eyeliner

0.6

Eye shadow

0.2

Eye lotion.

0.1-0.2

Eye makeup remover

0.2-0.3

Mascara

0.1-0.2

Other eye makeup preparations

0.1

Hair dyes and colors (af( types mquidng caution
statement and patch test)
Hairsprays (aerosol fixatives)~

0.2-0.4
0.05

Permanenet waves

0.03-0,5

Hair conditioners

0.005-0,25

Hair sprays (aerosol fixatives)

0.03-0,5

Hair straighteners

0.2

Gels

0.1

Shampoos (noncoloring)

0.02-0.8

Other hair coloring preparations

0.05
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TABLE 2
CONCETRATION OF USE (CON'T)

Range of Maximum Concentrations

Product Type

(%)

Tonics, dressings, grooming aids

0.09-0.2

Face powders

0.02-0.05

Foundations

0.02-0.5

Lipstick

0.05

Makeup fixatives

0.02

Other makeup preparations

0.05-0.2

Nail creams and lotions

0.02

Other manicudng preparations

0,001

Dentifrices (aerosol, liquid, pastes, and powders)

0.1

Bath soaps and detergents

0.06-0.2

Bath oils, tablets and salts

0,1-1

Bubble baths

0.1

Other bath preparations

0.2

Deodorants (underarm)

0.2

Soap bars

0.2

Other personal cleanliness productsg

0.1-0.3

Colognes and toilet waters

0.2

Perfumes

0.05

Other fragrance preparations

0.1
0.01-0.5

Afterahave lotions
Preshave lotions (all types)

0.1

Other shaving preparation products

0.2

Skin cleansing (cold creams, cleansing lotions, liquids
and pads)

0.05-0.5

Skin fresheners

0.05-0.5

Astringents

0.1

Skin protectants

0.2

Other skin Care preparations

0.01-0.2

Face and neck creams, Iotioos, powders, and sprays
(excluding shaving preparations)

0.05-0.3
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TABLE 2
CONCETRATION OF USE (CON'T)

Product Type

Range of Maximum Concentrations

Face treatment

0.2

(%)

Body and hand creams, lotions, powders, and sprays
(excluding shaving preparations)

0.05-0.6

Body oils

0.05

FOOt powders and sprays

0.05

Moisturizing creams, lotions, powders, and sprays
Night creams, lotions, powders, and sprays

0.0~0.5
0.05

Paste masks (mud packs)

0.02-0.5

Indoor tanning preparations

0.02-0.1

Suntan gels, creams, and liquids

0.1-0.5
Trisodium EDTA

Eyebrow pencil

0.0~0.2

Eye[iner

0.0~0.2

Eyeshadow

0.05-0.1

Eye 1orion

0.0~0.1

Eye makeup remover

0.0~0.1

Mascara

0.1-0.2

Other eye makeup preparations

0.3

Bath oils, tablets, and salts

0.01

Bubble baths

0.05-0.4

Bath capsules

0.1

Colognes and toilet waters

0.00001

Perfumes

0.00001

Hair conditioners

0.03-0.1

Hair sprays (aerosol fixatives) ~

0.01

Shampoos (noncoloring)

0.2-0.4

Tonics, dressings, and other hair grooming aids

0.01-0.2

Hair dyes and colors (all types requiring caution
statement and patch test)

0.5

Other hair coloring preparations

0.1
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TABLE 2
CONCETRATION OF USE (CON'T)

Range of Maximum Concentrations
(%)

Product Type
Blushers (all types)

0.1-0.2

Face powders

0.07-0.2

Foundations

0.002-0.2

Makeup bases

0.05-0.3

Makeup fixatives

0.05

Other makeup preparations

0.05

Cuticle softeners

0.2

Nail creams and lotions

0.1

Bath soaps and detergents

0.1-2

Deodorants (underarm)

0.2

Aftershave lotions

0.01-0.05

Shaving cream (aerosol, brushless, and lather)

0,05-0.2

Other shaving preparation products

0.1

Skin cleansing (cold creams, cleansing lotions, liquids,
and pads)

0.05-0.2

Face and neck creams, lotions, powders, and sprays
(excluding shaving preparations)

0.02-0.2

Body and hand creams, lotions, powders, and sprays
(excluding shaving preparations)

0.03-0.2

Moisturizing creams, lotions, powders, and sprays

0.1-0.2

Night creams, lotions, powders, and sprays

0.05-0.1

Paste masks (mud packs)

0.05-0.2

Skin fresheners

0.05-0.2
0.1

Other skin care preparations
Suntan gels, creams, and liquids

0.02-0.2

Indoor tanning preparations

0.05-0.5

Hair conditioners

0.1
0.1-0.7

Shampoos (noncolodng)
Tonics, dressings, and other hair grooming aids

0.3

Other hair preparations (noncoloring)

0.1
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TABLE 2
C O N C E T R A T I O N O F USE ( C O N ' T )

Product Type

Range of Maximum Concentrations
(%)

Hair dyes and colors (all types requiring caution
statement and patch test)

0.1

Bath soaps and detergents

0.2-0.5

Oeodorants (underarm)

0.1-0.3

Face and neck creams, lotions, powders, and sprays
(excluding shaving preparations)

0.1

Moistudzing creams, lotions, powders, and sprays

0.1

Trisodium HEDTA
Other hair preparations (noncelodng)

0.1

Bath soaps and detergents

0.5

Deodorants (underarm)

0.1

Face and neck creams, lotions, powders, and sprays
(excluding shaving preparations)

0.1

Moisturizing creams, lotions, powders, and sprays

0.1

Tetrasodium EDTA
Face powders

0.04

Foundations

0.01-0.09

Makeup fixatives

0.01

Other makeup preparations

0.1

Eyebrow pencil

0.1

Eyeliner

0.2

Eye lotion

0.2-0.3

Eye makeup remover

0.0~-0.2

Mascara

0.05-0.2

Blushers (all types)

0.5

Other eye makeup preparations

0.05-0.2

Colognes and toilet waters

0.04

Dentifrices (aerosol, liquid, pastes, and powders)~

0,02

Other oral hygiene products

0.009

Baby shampoos

0.05-0.2
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TABLE 2
CONCETRATION OF USE (CON'T)

Range of Maximum Concentrations

Product Type

(°/o)
Baby lotions, oits, powders, and creams

0.1

Other baby products

0.3

Hair conditioners

0.02-0.1

Hair sprays (aerosol fixatives

0.08

Hair straighteners

0.2

Permanent waves

0.2

Shampoos (noncoloring)

0.05-1.3

Tonics, dressings, grooming aids

0.04-0.1

Other hair preparations (noncoloring)

0.05-0.2

Hair dyes and colors (all types requiring caution
statement and patch test)

0.3-0.4

Other manicuring preparations

0.2

Bath soaps and detergents

0.009-0.5

Bubbts baths

0.01-0.1

Other bath preparations

0.05-0.1
0.05

Soap bars
Deodorants (underarm)

0.04-0.3

Other personal cleanliness products

0.09-0.2

Affershave lotions

0.%0.3

Shaving cream (aerosol, brushless, and lather)

0.08-0.5

Skin cleansing (cold creams, cleansing lotions, liquids
and pads)

0.02-0.5

Face and neck creams, lotions, powders, and sprays
(excluding shaving preparations)

0.04-0.3

Body and hand creams, lotions, powders, and sprays
(excluding shaving preparations)

0,04-0.1

Moistudzing creams, lotions, powders, and sprays

0.05-0.1

Paste masks (mud packs)

0.02-0,1

Skin fresheners

0,04-0,09

Skin protectants

0.04
0.005-0.2

Other skin care preparations
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TABLE 2

CONCETRATION OF USE (CON'T)

Product Type

Rangeof Maximum Concentrations
(%)

Indoor tanning preparations

0.09

Suntan gels, creams, and liquids

0.2

Other suntan

preparations

0.08

Astringents

0.09

Face treatment

0.2

Gels

0.04

DipotassiumEDTA
Skin cleansing (cold creams, cleansing lotions, liquids,
and pads
Face and neck creams, lotions, powders, and sprays
(excJuding shaving preparations)

0.05-0.09

0.09

Body and hand creams, lotions, powders and sprays
0.09
(excluding shaving preparations)
In March 1999, CTFA asked companies that reported using EDTA or HEDTA chelators if they used them in spray products and, if
so, what was the maximum concentration used. The companies that responded indicated the following maximum concentrations in
spray products; Disodium EDTA 0.05-0.1%, Trisodium EDTA 0.012%, and Tetrasodium EDTA 0.2%. Other companies that
responded indicated that they did not use these chelators in spray products (CTFA, 1999a).

agent, and color retention agent (Budavari, 1989;
FDA, 1998b). Disodium EDTA is permitted in
the feed and drinking water of animals and/or for
the treatment of food-producing animals (Sax,
1979). EDTA controls corrosion of canned
carbonated beverages, suppresses off-flavor in
whole milk, enhances foaming properties of
reconstituted skim milk, and retards nitric oxidehemoglobin formation in cured meats (HSDB,
1998). It has been estimated that daily human
consumption of the EDTA salts are 1.5 × 104,
2.3 x 10-1 , and 3.4 x 10.2 mg/kg for Tetrasodium
EDTA, Calcium Disodium EDTA, and Disodium
EDTA, respectively (FDA, 1998b).

Noncosmetic
The use of EDTA and its salts as stabilizing and
chelating agents has been described as
"ubiquitous" (Rietschel and Fowler, 1995).
Originally, EDTA and the Edetates were
developed to counteract the effects of hard water
and heavy metal ions on dyestuffs used in textile
manufacture. Currently, these ingredients are
used in a wide number of applications. EDTA,
HEDTA, and their salts maintain clarity, protect
fragrance components, stabilize polymeric
thickeners and color additives, prevent rancidity,
and increase preservative effectiveness, among
other effects (Hart, 1984).

EDTA and the Edetates prevent discoloration
due to trace metals in antibiotics, antihistamines,
and local anesthetics. They are used to stabilize
solutions of ascorbic acid (vitamin C), hydrogen
peroxide, formaldehyde, folic acid, and
hyaluronidase and are used to increase

In foods, EDTA is an antioxidant [National
Toxicology Program (NTP), 1998]; Disodium
EDTA is a preservative, sequestrant, and
stabilizer; and Calcium Disodium EDTA is a
preservative, sequestrant (NAS, 1996), flavoring
23

antibacterial activity of components of
ophthalmic and contact lens care solutions (Hall
and Takahashi, 1988; Rietschel and Fowler,
1995). EDTA is a clarifying agent that prevents
the formation of calcium, magnesium, and iron
soaps that can cause turbidity (Lewis, 1993;
Rietschel and Fowler, 1995).

the body (Budavari, 1989). EDTA has been
used to treat alkali, particularly lime, burns of the
cornea (Praus et al., 1976). [5~Cr]-EDTA has
been used since 1966 as a radiotracer for the
assessment of glomerular filtration rate
(Monteiro et al., 1994). Chelation therapy using
EDTA has been used since 1955 to treat
atherosclerotic cardiovascular disease, but its
efficacy has been disputed in recent years
(Brouwers, 1984; Magee, 1985; Grier and
Meyers, 1993). Disodium EDTA is also used at
concentrations of 10-15% in dentistry to
eliminate the smear layer before applying dentin
adhesives and in root canal therapy for
chemomechanical enlargement of canals
(Segura et al., 1996).

EDTA and the Edetates are used in the
production or processing of rubber and textiles
(Grant, 1972). These ingredients are also used
in detergents and agricultural chemical sprays; in
metal cleaning, etching, cutting, and plating
operations; for the decontamination of
radioactive surfaces; as an etuting agent in ion
exchange reactions; as a bleaching agent in
color film processing; and in analytic chemistry
and spectrophotometric titrations (Lewis, 1993;
HSDB, 1998).

GENERAL BIOLOGY
Absorption, Metabolism, Distribution,
and Excretion

Clinically, EDTA and Calcium Disodium EDTA
are used intramuscularly (i.m.) or intravenously
(i.v.) for the diagnosis and treatment of heavy
metal poisoning, including exposure to lead,
vanadium, and cadmium (Done, 1979; Cantilena
and Klaassen, 1980; Taylor, 1988; Rietschel and
Fowler, 1995). EDTA and the Edetates are used
as anticoagulants in blood and to treat calcinosis
(Lewis, 1993), and Disodium EDTA is used
occasionally to terminate the effects of injected
calcium, to antagonize digitalis toxicity, or to
suppress tachyarrhythmias (Gennaro, 1990).
Calcium Disodium EDTA is also added to
pharmaceuticals to prevent calcium depletion in

Wynn et al. (1970) fed rats 1-10% Disodium
EDTA for 13 weeks (see "Animal ToxicologySubchronic Toxicity"). During this study, the
investigators determined the urinary
concentrations of chelated and free calcium,
then replicated the assay (Tabte 3). The
remainder of the administered chelate was
detected in the feces.
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TABLE 3
URINARY CONCENTRATIONS OF CALCIUM & ITS CHELATE"
(Wynn et al., 1970)
AFTER 8 WEEKS

AFTER 13 WEEKS

DIET
Bound Calcium
(mg/1OO ml)
Control

Free Calcium
(mglt00 ml)

Bound Calcium
(mg/100 ml)

12.0
13.0

Free Calcium
(mg/10O ml)
10.0
11.0

1% Disodium EDTA

6.0
7.0

12.0
14.0

3.3
4.2

12.0
13.6

5% Disodium EDTA

23,0
30,0

18.0
26.0

11.0
12.2

16.5
16.0

10% Disodium EDTA

18.0
24.0

27.0
25.0

9.8

..b

..

17,8

"data are averages of duplicative determina~ons for the
same two rats per group at different time periods and are
representative for each group
b only survivor in this group

McCay et al. (1994) reported that [S~Cr]-EDTA
moved passively across the epithelium of the GI
tract of dogs. The investigators treated musclestripped segments of the stomach, ileum, and
colon with 0.5 ml of the chelate at a
concentration of 9.0 mM. The rate of flux of the
chelate was greatest in the ileum, less in the
colon, and least in the stomach. No net
accumulation ofthe probe was observed. In
addition, the movement of the chelate across the
ileum was not affected by neuronal blockade
with tetrodotoxin. The investigators suggested
that [SlCr]-EDTA moved from the gut lumen via a
shunt pathway.

detection in the blood after either oral or topical
administration. The maximum activity in the
urine after topical administration of [14C]Calcium
Disodium EDTA was 0.001% of the dose. The
only apparent interaction with the body was the
combination of EDTA with di- and tetravaient
metal ions (Foreman and Trujillo, 1954).
Male Sprague-Dawley rats (26) were used in a
series of experiments that determined the
distribution and "balance" of Calcium 14C EDTA
after i.p., i.v., i.m., or oral administration. Female
rats were used in a series of experiments
inwhich blood and urine were collected. Urine
samples were obtained under ether anesthesia
with glass catheters. The animals received 2 cc
of saline i.p. a half hour before the start of each
experiment. The dose of Calcium 14C EDTA
was 50 mg/kg in 0.2 cc of water (pH 7) which
yielded 0.7 x 108 to 1.5 x 108 disintegrations/min
of 14C activity. Samples were obtained 1.5, 6
and 24 h after administration of Calcium 14C
EDTA (Foreman et al., 1953).

Healthy adult males (three/group) were treated
with [14C]Calcium Disodium EDTA to determine
its metabolism in humans after topical, i.v., and
i.m. administration. The investigators concluded
that Calcium Disodium EDTA passed through
the body unchanged, and was excreted almost
entirely through the kidneys by both glomerular
filtration and tubular excretion. A maximum of
5% of the dose was absorbed from the
gastrointestinal (GI) tract. After i.v. and i.m.
injection, 50% of the dose was excreted within 1
h and 2 V= h, respectively. EDTA mixed with the
body's water compartment, but did not pass into
erythrocytes and transferred slowly into the
spinal fluid compartment. Radioactivity never
reached sufficiently large amounts to allow

The average recovery of the administered dose
in the "complete balance studies" (26 rats) was
95.11 +/- 5.4%. After i.p. administration, at 1.5 h
most of the dose of Calcium 14 C EDTA was
found in the urine (85.22%), skin (2.38%), blood
(1.65%) and kidneys (1.36%) and at 6 and 24 h
most of the dose of 14 C Calcium EDTA had
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been excreted in the urine. Most of the oral
dose was recovered in the feces (88.32%) and
urine (10.30%) after 24 h. Administration of
Calcium 14C EDTA i.v. and i.m. revealed that
from 0.5 to 24 h the percent Calcium 14C EDTA
excreted in the urine increased, and at 24 h
96.91 and 95.92% of the i.v. and i.m. dose,
respectively, was recovered in the urine (results
are based on the average of 2-7 animals).
Kidney ligation and i.v. administration left a
considerable amount of activity of Calcium 14C
EDTA in the blood even at 26 h. In assays of
expired air less than 0.1% of the 14C activity was
exhaled as ~4CO2. Chromatography confirmed
that the compound is not metabolized and
passes through the body unchanged.

nonsmokers, and maintained the exposure for
16 min. Urine was collected for 24 h after
instillation. The median recovered amount of the
chelate in smokers was 0.07 mi, and the median
amount in nonsmokers was 0.16 ml. After
instillation was repeated with the addition of
0.6% dioctylsodium sulfosuccinate to the
solution, the median amount recovered for six
nonsmokers increased to 1.13 ml. The
investigators concluded that nasal airway
absorption was not increased in smokers
compared to nonsmokers. The investigators
also administered 5 MBq [SICr]EDTA and 0.6%
dioctylsodium sulfosuccinate in 2.0 ml saline to
four separate subjects to determine the
gastrointestinal absorption of EDTA. The mean
amount of the chelate recovered in the urine
corresponded to 1.4% of the dose.

Twenty male Sprague-Dawley rats were divided
into four groups of five animals each. Group 1
received i.p. injections of 14C Disodium EDTA,
group 2 received this compound on depilated
skin, group 3 received this compound on
depilated and abraded skin (abraded every 2 or
3 cm over treated area), and group 4 was the
control group. The specific activity of the 14C
Disodium EDTA was 21.6 mCi/mM and it was
dissolved in saline to yield a final solution of 50
IJCi/ml. Animals that received i.p. injections got
0.5 ml of this solution, or 25 ~JCiof 14C Disodium
EDTA. Animals that had the compound applied
to the skin received 25 pCi of 14C Disodium
EDTA in the form of an ointment (modulan,
mineral oil, petrolatum, cetyl alcohol
35:21:25:12) spread over an area of 50 cm2
spread over a sheet of thin polyethylene. This
sheet was taped to,the trunk of each animal. A
collar was fixed around the neck of the rats. All
animals were decapitated 24 h after treatment.
The tissue distribution (per 100 mg wet organ
weight) of 14C Disodium EDTA 24 h after i.p.
administration was as follows: liver 577 + 13,
small intestine 631 + 25, large intestine 696 + 19
and kidney 1964 + 220. Twenty-four hours after
application on normal skin the tissue distribution
was as follows: liver 6 + 4, small intestine 99 +
22, large intestine 107 + 24 and kidneys 29 + 12.
Twenty-four hours after application on abraded
skin the tissue distribution was as follows: liver
139 + 34, small intestine 214 + 76, large intestine
309 + 115 and kidneys 222 + 30 (Fudani and
Vertua, 1970).

The glomerular filtration rate was determined by
assaying the normal clearance of [~ICr]-EDTA in
a study using children (Piepsz et al., 1994). The
investigators selected 256 patients with past or
present urinary tract infections, normal
technetium-99M dimercaptosuccinic acid
(DMSA) scintigraphy, and normal relative uptake
of DMSA (54-55A% for each kidney). [SICr]EDTA was injected Lv., based on an adult dose
of 1.85 MBq. Clearance results were obtained
using analysis of one or two blood samples,
using 131 and 125 patients, respectively. For
the two sample (second exponential) method,
the samples were drawn 2 and 4 h after injection
of the radioactive tracer. Chantler's correction
(constant=0.87) was used to correct the
clearance value for having neglected the first
exponential. For the one sample procedure, the
sample was taken 115-125 min after injection. A
progressive increase with age of [5~Cr]-EDTA
clearance was observed, such that the mean
adult clearance value was reached between 15
and 24 months. After correction for body surface
area, the mean [SlCr]-EDTA clearance increased
to 54.6 ml/min/1.73 m2 by one month of age. A
plateau was reached at18 months of age. From
18-24 months, the clearance values "were not
different from those observed later." From 2-17
years, the values were constant; the mean
clearance value was 113.9:1:24.4 ml/min/1.73
m2. No significant differences were observed
between males and females.

Greiff et al. (1994) instilled a solution containing
5 MBq [S~Cr]EDTA (in 14 ml of isotonic saline) in
the nasal cavity of six smokers and 12

Yang and Chan (1964) reported that rats fed 0.5,
1.0, and 5.0% Disodium EDTA for 12 weeks
excreted 82.2, 44.5, and 45.4%, respectively, of
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the dose. The linear relationship suggested that
EDTA was absorbed from the GI tract by a
process of diffusion (Yang and Chan, 1964).

the ingested dose in the urine and feces. The
feces contained 99.4, 98.2, and 97.5% of the
excreted material and the urine contained 0.6,
1.8, and 2.5% of the material for the respective
doses.

Volf et al. (1971) gave i.v. injections of Calcium
Disodium EDTA to female albino Heiligenberg
rats. Stock solutions of"unpurified" 14C EDTA
was prepared by dissolving this substance in
distilled water and adding 1 or 100 pmol of stable
calcium. The radiochemical purity of the
unpurified solution was 99 and 97% when
analyzed on two separate occasions with paper
chromatography. Purified EDTA was separated
by chromatography and is referred to as "peak
1". The two separate forms of EDTA were
labeled at the following positions: -*COOH
(position 1); *CH2COOH (position 2); *CH2CH2
(position 3). The amount of radioactive
unpurified Calcium Disodium EDTA (100 pM)
was greater in the serum, liver and expired air
than the peak 1 fraction. Both unpurified and
purified (peak 1) Calcium Disodium EDTA
labeled at position 2 were present in the greatest
percentages of the dose in serum, liver and
expired air, while the edetates labeled at position
1 and 3 came in second and last, respectively.
The distribution of the two forms of Calcium
Disodium EDTA in plasma, liver and skeleton are
located in Table 4. The unpurified and peak-1
forms of Calcium Disodium EDTA labeled at
position 2 had total serum concentrations of
0.058% and 0.031% of the 14C dose/ml 2 h after
injecting Calcium Disodium EDTA. The peak-1
form labeled at position 3 had a totalserum
concentration of 0.017% of the 14C dose/ml 2 h
after injecting Calcium Disodium EDTA. The
volume of distribution for unpurified and peak-1
Calcium Disodium EDTA is 19.2 ml/g (based on
values 7.5 and 30 min after injection) and 21.8
ml/g (based on values 7.5 and 120 min after
injection), respectively. The total clearance for
unpurified and peak-1 Calcium Disodium EDTA
was 1.11 ml/min/g and 0.92 ml/min/g,
respectively.

In another study, the equivalents of 1%
Disodium EDTA and/or Calcium Disodium EDTA
were administered via oral intubation to weanling
and adult rats. After 48 h, the adults given
Disodium EDTA excreted 5.3 and 89.9% in the
urine and feces, respectively. Adults given
Calcium Disodium EDTA excreted 4.6 and
88.5%. Weanling rats given Disodium EDTA
excreted 8.5 and 88.6%. Five and three percent
of the dose were recovered from the intubation
syringe and cage, respectively. The
investigators concluded that almost all of the
administered dose was eliminated from the body
within 48 h of dosing.
The investigators also treated a rat with a single
oral dose of 95 mg Disodium EDTA. At regular
intervals up to 32 h after dosing, the GI tract was
removed, and the EDTA concentrations in the
stomach, small intestine, and colon were
determined. The maximum concentrations of
EDTA in the small intestine and urine were found
approximately 4 h after dosing. Six percent of
the administered dose was excreted in the urine
during the 32-h period. Within 12 h of dosing, all
of the EDTA had passed through the stomach
and 93% was recovered in the colon after 32 h.
Similar findings were reported when adult rats
were treated with 95 mg/day Disodium EDTA for
seven days. The investigators concluded that
EDTA was poorly absorbed and rapidly excreted
from the GI tract.
In an additional study, rats were given single
doses of 47.5, 95.0, and 142.5 mg Disodium
EDTA. For all groups, urinary excretion peaked
at 4 h after ingestion. The amount of EDTA
recovered from the urine following a single dose
of Disodium EDTA was directly proportional to
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TABLE 4
DISTRIBUTION OF ~4 C AFTER I.V. INJECTION OF Ca- EDTA OF
"I3NO DIFFERENT PURITIES
(Volf et al., 1971)
Percentage of 14 C Dose I

Organ

Plasma

Liver

Skeleton (1 femur
x 20)

Time after
injection
(hours)

1 pM

100 pM

Unpurified
EDTA

Peak-1
EDTA

Unpurified
EDTA

Peak-1
EDTA

1.5

0,079 ¢ 0.016

0.055 ± 0.006

0.076 ± 0.030

0.058 + 0.024

4

0,022 ± 0.002

0.024 ± 0,006

0.023 + 0.002

0.028 + 0.001

24

0,013 ¢ 0.002

0.0014 + 0,0002

0.013 ± 0.001

0.0011 ±0,0002

1.5

1.32 + 0.85

0.24 ± 0.10

0.63 ± 0.06

0.26 ± 0.05

4

1.03 ± 0.48

0.23 ¢ 0.09

0,38 + 0.03

0.21 ± 0.02

24

0.36 ± 0.09

0.26 ± 0.09

0.21 ± 0.03

0.056 ± 0.008

1.5

0.31 ± 0.07

0.11 ¢ 0.01

0.43 ± 0.22

0,17 ± 0.10

4

0.20 ± 0.02

0.045 ± 0.007

0.26 ± 0.03

0.07 ± 0.01

24

0,11 ± 0.01

0.036 ± 0.009

0.13 ± 0.02

0.031 ± 0.004

arithmetic mean of 5 rats +/- S.E.M.
After subcutaneous (s.c.) injection (1.11 MBq;
0.5 ml), the mean renal clearance of [SICr]-EDTA
was 117.0 + 20.0 mVmin using 32 normal human
subjects. In 20 patients with glomerulopathies,
the value was 75.0 + 38.0 ml/min (Monteiro et
al., 1994).

57-70% excess excretion of calcium,
respectively. Approximately 60-80% of the
excess calcium was excreted within 4 h of
administering Sodium EDTA. When radioactive
doses (dose not specified) of Calcium EDTA
were given to 3 persons, 100% of the chelate
was excreted within 24 h. Calcium EDTA and
Sodium EDTA (6 g/day for 6 days) administered
orally were poorly absorbed from the GI tract in
humans. However, those persons that received
Calcium EDTA had increased amounts of
calcium present in their stool (Spencer, 1960).

Radioactive Calcium Disodium EDTA was
administered i.p. to rats in doses of 300-436
mg/kg/day for 10 days. The total activity
recovered in the urine was 66.4-92.3%. The
fecal excretion was usually less than 5% of the
total injected. The mean of the combined activity
of radioactive Calcium Disodium EDTA in urine
and feces was 94%. The investigators suggest
that a rapid and complete elimination of Calcium
Disodium EDTA occurs within 24 h. The activity
of both kidneys 24 h after the last injection was
less than 0.1%. Grade 4 microscopic changes
were observed in the rats that received the
largest dose and grade 2 microscopic changes
were observed in the other groups (Doolan et al.,
1967).

Penetration Enhancement
Sodium EDTA (50 and 500 mg/kg; 10 ml/kg i.p.)
enhanced the absorption of two lipid-insoluble
acids, heparin and sulfopolyglucin, from the GI
tract of rats and dogs (Windsor and Cronheim,
1961 ). Schanker and Johnson (1961) reported
that Disodium EDTA (10 mg/ml) also increased
the intestinal absorption of neutral, basic, and
acidic compounds in the male Sprague-Dawley
rat. The chelating agent increased the
absorption of [14C]mannitol and [14C]inulin from
<2% to 7-11%, the absorption of [14C]-N-methyldecamethonium from 2-3% to 11-15%, and the

Intravenous infusion of 4 g of Calcium EDTA or
Sodium EDTA slowly over a 4 h period in four
normocalcemic persons resulted in 75-88% and
28

absorption of sulfanilic acid from 11-14% to 2632%. Plasma concentrations of the drugs were
increased as much as five- or six-fold, compared
to controls. Yamamoto et al. (1996) reported
that 20 mM EDTA enhanced the intestinal
absorption of phenol red (a poorly orally
absorbed drug) in male Wistar rats. In the same
study, EDTA also caused significant release of
protein and phospholipids from the intestinal
membrane.

the cornea from the epithelial side was
considered unlikely due to the charged nature of
the EDTA molecule (Grass et al., 1985).
Using Caco-2 cell monolayers, Tomita et al.
(1994) reported that 0.25% Disodium EDTA
increased the epithelial permeabilJty of PEG
4000 to 14-times the control value. In calciumfree media, the EDTA-enhancing effect was
increased to 29-times the control value.

In a study using male New Zealand White
rabbits, [14C]-Disodium EDTA at concentrations
of 2X10 .3 M or 0.5% were applied directly onto
the cornea of both eyes. The volume was 25 FI.
After dosing with 2X10 .3 M, significant amounts
of EDTA were found in the cornea and
conjunctlva; EDTA was also detected in the
iris/ciliary body of rabbits killed 20 min after
treatment. When either glycerol or 0.5%
Cromolyn was co-- administered with 0.5%
EDTA, the concentration of the drug increased in
the aqueous humor and cornea and decreased
in the iris and conjunctiva. Reduced
concentrations of glycerol were observed in the
iris and conjunctival concentrations if 0.5-2%
Cromolyn was used as the chelating agent
rather than EDTA, but no increasesof glycerol
were observed in the aqueous humor or cornea.
Instillation of calcium after dosing with EDTA
reduced concentrations of glycerol in aqueous
humor to near that obtained when glycerol alone
was instilled, and the glycerol concentration was
not decreased in the iris/ciliary body. In this
study, 0.5% EDTA promoted the corneal
penetration of either glycerol or Cromolyn,
although the latter drug (a chelating agent) also
increased penetration of glycerol. EDTA
appeared to affect the endothelial tissue of the
cornea, conjunctiva, and iris/ciliary body, as well
as the capillaries of the latter two structures
(Grass et al., 1985).

Feldman and Gibaldi (1969) reported that 25 mM
EDTA increased by -20% the transfer of
salicylate across averted rat intestine, but not the
transfer of salicylamlde. The effect was greater
at pH 7.4 than at pH 6.0, but double the
concentration of EDTA did not produce a further
increase of the transfer rate at pH 6.0. The
investigators concluded that EDTA altered the
membrane structure and suggested that the
chelating agent would increase permeability of
the small intestine to other ionized drugs.
Disodium EDTA at a concentration of 1% (w/v;
24 mM) increased the in situ drug absorption of
acetazolamide from the small intestine of male
Charles River rats when administered with '1%
(w/v) reduced glutathione (Schoenwald and
Ward, 1976). Intestinal absorption was
increased by 1.5-2 times; however, absorption
from the stomach was not affected by treatment
with EDTA and glutathione. The investigators
suggested that Disodium EDTA altered the
aqueous permeability of the intestinal epithelium
by the chelation of magnesium and calcium ions,
thereby separating the epithelial cells.
Disodium EDTA (25-50 mM) caused rapid s.c.
absorption of human epidermal growth factor in
male Sprague-Dawley rats (Murakami et al.,
1993). The chelating agent also increased the
plasma area under the curve value of the growth
factor, but the inhibitory effect against
aminopeptidase activity was small. The
investigators suggested that the increased
absorption due to EDTA was attributed to the
increase of capillary permeability to the growth
factor and/or its diffusion through the s.c.
tissues.

.Disodium EDTA (1-10 mM) induced the gradual
decrease of membrane resistance in the jejunum
of Wistar rats. The primary effect of EDTA was
likely at the intercellular junctions. The chelating
agent increased the flux rate of sulfanilic acid
and decreased the flux rate of L-phenylalanine.
EDTA also caused dose-dependent damage to
the transport systems of the cells (Yamashita et
al., 1987).

Disodium EDTA had no significant promoting
effect on the absorption of insulin through the
nasal and buccal mucosa of Lewis rats, but it did
increase absorption via the rectal route (Aungst
and Rogers, 1988). Similar results were

EDTA was able to penetrate the cornea via the
endothelial side, but penetration into and through
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reported for the absorption of sodium cefoxitin
(Nishihata et al., 1985; 1987).

After 24 h of treatment, a concentration of 5.3
mM Tetrasodium EDTA induced a 50%
reduction in cell protein content of cultured Hep
G2 cells (Dierickx, 1989).

EDTA enhanced the activities of antibacterial
agents, particularly against drug resistant gramnegative microbes. The investigators concluded
that EDTA increased the permeability of the
cellular membranes, thereby increasing the
amounts of the antimicrobial agents that
penetrated the barriers. EDTA reversed
completely the resistance of tetracyclineresistant Pseudomonas aeruginosa, Escherichia
coil, and Proteus mirabilis, and of penicillin- and
ampicillin-resistant strains of P. aeruginosa.
The chelating agent enhanced the activities of
polymyxin B sulfate, benzalkonium chloride, and
chlorhexidine diacetate against P. aeruginosa,
and partially reversed resistance of E. coil and P.
mirabilis to chloramphenicol, penicillin, and
ampicillin (Brown and Richards, 1965; Weiser et
al., 1968; Smith, 1970). EDTAwas a strong
enhancer of Lauricidin against gram-negative
bacteria, but had little antimicrobial activity alone
(Kabara, 1980). Eagon and Carson (1965)
reported that EDTA lysed both cell walls and
intact cells of P. aeruginosa strain 64. Similar
results occurred when lysozyme was used in
combination with EDTA.

The cytotoxic LDso of Trisodium EDTA in
BALB/c-3T3 cells was 1.98 mmol when tested
using the co-culture survival assay. Trisodium
EDTA was classified as moderately cytotoxic
(Matthews at al., 1993).
At concentrations <100 ~M, Tetrasodium EDTA
and Cu-EDTA caused cell necrosis and reduced
the colony-forming ability of normal rat kidney
cells in culture. Cytotoxicity was not observed
when the cells were exposed to 100 p.M ZnEDTA or Fe-EDTA, or to 5 p.M Tetrasodium
EDTA or Zn-EDTA for as long as 7 weeks
(Hugenschmidt et al., 1993).
Borenfreund and Shopsis (1985) investigated
the cytotoxicity of EDTA in 3T3, Hep G2, and
WI-38 cells. The greatest tolerated doses of
EDTA at 24 h were 620.0 i~g/ml and 900.0 i~g/ml
in 3T3 and Hep G 2, respectively. The
concentrations of EDTA that induced 50%
inhibition in the uptake of [3H]uridine after 4 h
were 610.0 pg/ml in WI-38 cells and 200 pg/ml in
3T3 cells. In contrast, the highest tolerated
doses of a moderate-severe ocular irritant,
sodium dodecyl sulfate (SDS), were 85.0 p_g/ml
in 3T3 cells and 80.0 pg/ml in Hep G 2 cells. The
concentration of SDS that inhibited 50% of
uridine uptake was 85.0 i~g/ml.

Braide and Aronson (1975) reported that male
Long-Evans rats treated with Calcium EDTA (6
mmol/kg/24 h for 48 h; i.v.) were more
susceptible to the anesthetic effect of
pentobarbital. The data suggested that
enhanced distribution of the drug had not
occurred; rather, Calcium EDTA had an effect on
the central neurons.

Effects on Mucosa
Yonezawa (1977) induced morphologic changes
of the intestinal mucosa in adult male albino
rabbits using 10% aqueous EDTA. The rabbits
(-3 kg each) were fasted for 24 h and
anaesthetized via i.p. injection. The intestine
was ligated to give a blind loop, into which 20 ml
of the EDTA solution was injected. Five minutes
later, the intestine was ligated again (3 cm
proximal to the blinded section), and further
arterial and venous vessels were ligated to cut
the blinded section of the intestine. Similar cuts
were made and removed at 15, 30, 60, 120,
180, and 240 minutes. The preparations were
fixed and stained for microscopic examination.
The villi secreted excess mucus from goblet cells
from 5-60 min, but the morphology was not
significantly affected. From 120-240 min,
however, the villi had marked epithelial

Mitchell and Gilbert (1984) investigated the
effects of pretreatment with EDTA on the
sensitivity of E. Coil CM891 to a variety of
mutagens. EDTA (2.5% w/v) was added to give
a solution of 0.025%. The suspension was
shaken and left to stand for 3 min at room
temperature before each mutagen was added.
EDTA pretreatment had no significant effects on
the cytoxicity of 2-aminopurine, methylmethane
sulphonate, cyclophosphamida, 9-aminoacridine,
acriflavine, 2-nitrofluorene, and gentamicin.
However, the toxic effects of benzo[a]pyrene and
chloramphenicol were increased relative to the
controls.

Cytotoxicity
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was observed such that the connective tissue
was "especially prominent." At 36 h, few
intestinal glands were present and the villi were
"shrunken beyond recognition." The
mitochondria in the crypt and villous epithelial
cells were swollen and had intercristal foci of
flocculent electron-dense material. Although the
outer membrane appeared intact, the
endoplasmic reticulum had marked dilatation and
the number of free ribosomes was decreased.
The investigators concluded that DNA synthesis
was inhibited due to interference with cellular
respiration, and that the subsequent
regeneration of intestinal mucosal cells was
prevented.

desquamation. Mild lytic degeneration ofthe
lamina muscularis (15-120 min) and tunica
muscularis (120-240 min), mild to moderate
edema of the tela submucosa (15-240 min), mild
cellular infiltration (120-240 min), and mild (5-60
min) to severe hemorrhages (120-240 min) were
observed.
Calcium chelating agents such as EDTA were
toxic to the urothelium (Oosterlinck et al., 1992)
due to the calcium-binding mechanism itself.
Dipotassium EDTA buffered with triethanolamine
(TEA; pH 8-8.5) induced severe lesions to the
urothelium of the rat and dog, such that erosion
of <20 to >80% of the urothelium was observed
(Oosterlinck et aL, 1991). At a concentration of
3.125 mM, Dipotassium EDTA caused severe
lesions of the urinary bladder mucosa; slow
perfusion rates and alternating treatment with
physiological solution did not decrease the
toxicity (Verplaetse et al., 1985; 1986).
Oosterlinck et al. (1992) perfused rat urinary
bladder with various chelating solutions for 6 h at
1.4 ml/h. Magnesium HEDTA (25-200 mM,
buffered with TEA), Disodium EDTA (12.5 mM,
buffered and unbuffered), and Potassium EDTA
(12.5 mM, buffered) compared to 0.9% saline,
significantly increased the number of lesions.
The number of lesions produced by unbuffered
Potassium EDTA and buffered or unbuffered
Calcium EDTA did not differ from the control.
TEA reduced surface tension, and could have
enhanced the contact between the urothelium
and the calcium ligand, thereby increasing the
toxicity.

Miscellaneous Effects
Disodium EDTA inhibited binding of vasoactive
intestinal peptide to macrophages obtained from
Wistar rats. Inhibition was dose-dependent, and
the ICs0 was 5.4 mM. Concentrations of EDTA
100 mM "abolished" the interaction between the
peptide and the macrophage cell surface
(Segura et al., 1996).
At a concentration of 1 mM, EDTA increased the
binding affinity of [12Sl]angiotensin IV to AT 4
receptors in the bovine adrenal cortex (Jarvis
and Gessner, 1994). In a study by Peart et al.
(1977), 1-2 mmol/I EDTA produced a significant
increase of renin release in the isolated perfused
kidneys of the male Wistar rat. When calcium
and magnesium were omitted from the perfusion
fluid, EDTA still increased the secretion of renin.

Braide and Aronson (1974) treated male LongEvans rats via i.v. infusion with Calcium EDTA
for up to 72 h at a rate of 6 mmol/kg/24 h. Rats
of the control group were infused with 0.9%
saline. The permeability of the proximal small
intestine was determined at 24, 36, and 48 h,
using [~ICr]-EDTA as a marker. Segments of the
duodenum were examined for lesions using light
and electron microscopy. Intestinal absorption
of the radioactivity did not differ between rats of
the control group and those infused with Calcium
EDTA for 24 h. Rats treated for 36 and 48 h had
six- and seven-fold increases in the absorption
of the marker, respectively, compared to
controls. Within 12 h of treatment, fulminent
lesions in the intestinal epithelium were
observed; numerous and large cytoplasmic
hyaline bodies and cytoplasmic vacuolization
were observed. At 24 h, advanced "atrophy"

EDTA and HEDTA (500 pmol/kg) alleviated
nickel-induced biochemical and trace metal
alterations of the serum, liver, and kidneys of
female albino rats (Mlsra et al., 1988).
Gogate et al. (1965) reported that EDTA
decreased peripheral utilization of glucose in
dogs, possibly via the stimulation of beta cells to
produce more insulin, when administered i.v.
every 4 days for total doses up to 5.5 g (500
mg/day in 100 ml 0.9% saline).
Disodium EDTA bound to cell surfaces of human
and sheep erythrocyte interfered with
agglutination patterns. Binding was enhanced
by mild trypsinization of the erythrocytes prior to
incubation with the chelating agent. EDTAbound erythrocytes agglutinated in the presence
of divalent cations (Pillai, 1982). EDTA also
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induced platelet agglutination in EDTAanticoagulated whole blood, possibly via the
stabilization of platelet membranes (Ryo et al.,
1994).

were required to inhibit enzyme activity as the
pH was decreased. EDTA was more effective at
pH 6 than at pH 4.5. A concentration of 1 mM
EDTA completely inhibited iodide oxidation
(Bhattacharyya et el., 1994).

The membrane permeability and placental
transfer of lead in rats was increased with leadchelate complexes, including complexes of lead
with EDTA (McClain and Siekierka, 1975). After
treatment with EDTA, fetal lead content was
approximately 50% greater than with lead alone,
but this difference was not significant; in
contrast, lead-nitrilotriacetic acid and leadpenicillamine increased placental transfer by
400-500% over a 4 h period. The investigators
reported that more rapid maternal excretion
limited placental transfer by terminating fetal
exposure, thereby decreasing lead-induced
teratogenesis.

The topical application of 0.27 M Disodium
EDTA to the cerebral cortex of a rat produced
localized epileptic spikes that eventually
progressed to general seizures (Harmony et el.,
1973).
The intragastric administration of 60 mg/100 g
EDTA or another Ca 2÷chelator, ethylene glycolbis-(~-aminoethyl ether)-N,N,N',N'-tetraacetic
acid (EGTA), attenuated both acid-dependent
and acid-independent gastric lesions in SpragueDawley rats. The chelating agents reduced
experimental gastric mucosal damage induced
by restraint, cold stress, or treatment with 1.0 ml
of 75% ethanol. Gastroprotection was
decreased or prevented completely when the
rats were vagotomized or adrenalectomized prior
to EDTA or EGTA treatment, suggesting that the
mechanism of protection involved vagal and
glucocorticoid/catecholamine mediation (Glavin
and Szabo, 1993).

When eight hypercholesterolemic patients were
treated with Disodium Calcium EDTA for ten
days, marked increases were observed in the
renal excretion of zinc (tenfold) and lesser
increases were observed for cadmium,
manganese, lead, and vanadium. The patients
were treated with 1.0-4.0 g of the chelating agent
dissolved in 500 ml of 5% glucose in water. The
untreated control group consisted of 24 normal
subjects, who each provided a 24-h sample.
Day-to-day variations and the effects of pH
changes and dilution were determined using an
additional subject. The urinary excretions of
titanium, chromium, tin, molybdenum, silver, and
nickel were not changed. In addition, the
average decrease in plasma cholesterol
concentration was 96 mg/100 ml (Perry and
Perry, 1959).

Anghileri (1968)incubated human serum
albumin with 0.1 M EDTA (pH=5.1) and dialyzed
against distilled water. It was then incubated
with 59FECI3 and the unbound Fe3÷ ion was
eliminated with a cation exchange resin. The
anionic form of the ~Fe (as Fe complexed by
EDTA) was adsorbed on an anion exchange
resin. The activity that remained in the liquid is
the 59re firmly bound to protein. Pretreatment of
albumin with EDTA passed through the anion
exchange resin and then incubated with 59re,
considerably reduced the anionic form of SgFe
which was still higher than normal albumin. This
was used as an indication that EDTA was bound
to serum albumin. The percent 59re radioactivity
bound to albumin, EDTA pretreated albumin and
EDTA pretreated albumin passed through the
anion exchange resin was 0.8, 98.7 and 30.6,
respectively and the percent protein was 22.2,
0.5 and 10.6.

Calcium Disodium EDTA almost completely
inhibited serum dopamine-~,-hydroxylase in three
lead workers treated i.v. with 500 mg of the
chelating agent. The Cu÷÷-dependent enzyme
converts dopamine to noradrenaline; the
mechanism of inhibition involved the chelation of
Cu ÷* ions from the active site of the enzyme. In
vitro, the inhibitory concentration (IC5o) of
Calcium Disodium EDTA was 3.8 mol/L (De
Paris and Caroldi, 1995). EDTA at a
concentration of 200 p_l inhibited lipid
peroxidation in rat brain homogenates (Kozlov et
el., 1994). EDTAinhibited horseradish
peroxidase-catalyzed iodide oxidation. This
inhibition was both pH- and concentrationdependent; greater concentrations of EDTA

In a second experiment human serum albumin
was incubated with 0.1 M EDTA (pH=5.1). After
dialysis against distilled water it was incubated
with 59re (50 and 120 tJg FeCI3) in a 0.05 M
acetate buffer, dialyzed against an acetate buffer
and then saline. The percent radioactivity for
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albumin pretreated with EDTA was 0.3 and the
iron bound to protein was 1.1 x 10.3 pg/mg. The
investigators stated that EDTA was bound to the
protein and that this bond is broken by anion
exchange resin or dialysis.

macromolecular chains, (3) impairment of DNA,
RNA, and protein synthesis due to interference
with required zinc, manganese, and iron, (4)
direct or indirect degradation of proteoglycans in
the connective tissue matrix, and/or (5) inhibition
of procollagen synthesis through the chelation of
intracellu~ar iron.

Effects on Collagen Biosynthesis

EDTA and HEDTA stimulated the enzymatic
activity of prolyl hydroxylase by 1.5- to three-fold
at equimolar concentration with ferrous iron in
vitro (Takeda et al., 1979). The enzyme
hydroxylates proline residues of protocollagen;
the reaction requires ferrous iron, (~ketoglutarate, ascorbate, and atmospheric
oxygen. Iron chelating agents, therefore,
remove the necessary cofactor and inhibit
hydroxylation both in vitro and in vivo.

Calcium Disodium EDTA increased the urinary
excretion of hydroxyproline after i.p. or i.v.
dosing, indicating that "mature" collagen was
degraded (Braide, 1984). In this study, male
Sprague-Dawley rats were given either i.v.
infusions of 6 mmol/kg/24 h for 48 h, or i.p.
injections of 4.8 mmol/kg/day for 10 days. Twoto six-fold increases in urine excretion of the
imino acid were observed. Rats infused with
Calcium Disodium EDTA for 36 h had gradual
decreases of the concentration of hydroxyproline
in the urine, after cessation of the infusion. The
urinary excretion of trace metals (Zn, Mn, Cu,
and Fe) was also enhanced. When Braide
(1984) administered the metals to rats and
terminated infusion of the chelating agent,
hydroxyproline excretion returned to normal.
These results indicated that the metals could
alter collagen content by making the protein less
susceptible to degradation.

The effect of Disodium EDTA on four strains of
Pseudomonas aeruginosa were investigated in
vitro in a special protein (0.2% casein, 0.3% beef
extract, 0.5% tryptone, 0.1% glucose, and 1.5%
agar) and gelatin medium. Disodium EDTA had
no inhibitory effect on proteolysis in the protein
or gelatin medium at a concentration of 2.5 x 10.3
M. At a concentration of 5 x 10.3 Disodium
EDTA inhibited gelatin liquification but not
proteolysis. No proteolysis occurred in the
media incorporating 10.2 M Disodium EDTA.
Collagen strips of rabbit achilles tendon were
incubated with 10.2 M Disodium EDTA. No
enzymatic digestion of the strips occurred by the
end of 48 h. However, in collagen strips
incubated with no Disodium EDTA hydrolysis
was complete from 36-48 h (Wilson, 1970).

Calcium EDTA, when administered i.v., caused
marked depletion of collagen fibrils in the skin of
male Sprague-Dawley rats (Braide et al., 1988).
Rats of the experimental group were infused with
0.9% saline for 24 h and 6 mmol/kg/24 h
Calcium EDTA for the remaining 48 h. Rats of
the control group were infused with the saline
solution for the entire 72 h period. The rats were
anesthetized and the dorsal skin was shaved. A
2 cm2 skin biopsy was collected from the lumbar
region, minced into small pieces, and prepared
for examination by transmission electron
microscopy. In rats treated with the chelating
agent, remnants of collagen fibrils appeared to
be in varying degrees of degradation and were
loosely arrayed in an extracellular matrix. Most
of the fibrils in the matrix had approximately 40%
larger average diameters than those of the
saline-treated rats. Significant increases (~30%)
were observed in the distances between cross
striations (D-spacing) of the fibrils. The
investigators suggested various explanations for
the effects of Calcium EDTA on collagen: (1)
lability or reduction of intermolecular
crosslinkings, (2) inhibition of crosslinking
synthesis or defective synthesis of the

Female Sprague-Dawiey rats were divided into
two experimental and two control groups of 10
animals each. A 5 cm dorsal midline skin
incision was made in each animal and closed
with interrupted 6-0 nylon sutures. Group 1
received 6 mmoles/kg/24 h Calcium EDTA i.v.
for 48 h on postwounding days 13 and 14.
Group 2 rats received the same dose of Calcium
EDTA i.p. daily for 14 days. Each control group
received saline in a comparable manner to each
treatment group. Urine was collected and
analyzed in all groups. After 14 days, three 0.5
cm wide strips were taken from each wound and
burst strengths measured. In both treatment
groups, urinary hydroxyproline and zinc
excretion were enhanced compared to control
groups (p < 0.001). A deficiency in serum zinc
was observed in both experimental groups. No
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of this group. However, expression of the
breaking strength of the skin wound as a percent
of the breaking strength of non-wounded skin
demonstrated no different between control and
treated rats. The breaking strength of wounded
or unwounded skin was not affected by Calcium
EDTA treatment alone for 14 days or from
vitamin A treatment. However, urinary
hydroxyproline excretion was significantly
increased. Calcium EDTA administration with or
without vitamin A significantly lowered the
content of zinc in urine, serum and hepatic
tissue.

effect was observed on the burst strengths of the
wounds compared to controls (Tobin et al.,
1974a).
Tobin et al. (1974b) studied the effects of
Calcium EDTA on skin wound healing and
urinary hydroxyproline secretion in male and
female Sprague-Dawley rats. A 5 cm midline
skin incision was made over the cervicothoracic
spine and was closed with 6-0 nylon sutures.
One group of rats had a colostomy performed in
addition to the skin incision. A 2 cm longitudinal
incision was made in the ascending colon and
closed with 6-0 silk sutures. Twelve days after
the skin incision was made 3 rats/group were
infused with either 0.9% NaCI or Calcium EDTA
at a rate of 1.08 ml/h and a dose of 6
mmole/kg/24 h. Rats were infused continuously
for 48 h during which time they were fasted.

ANIMAL T O X I C O L O G Y m
Acute Toxicity

In a seperate experiment, Tobin et al. (1974b)
administered 6 mmole/kg/day Calcium EDTA Lp.
to male rats (10/group) for 14 days. Control rats
were given 0.9% NaCl. One group received
vitamin A and Calcium EDTA and were treated
as the controls were except they were given
250,000 IU/kg vitamin A palmitate
subcutaneously every other day because of the
reported synergism between vitamin A and
Calcium EDTA on collagen degradation. In
another chronic experiment, skin and colon
wounds were made and the rats were fed a fluid
diet orally to avoid weight loss observed after
high doses of CaTcium EDTA. This group was
dosed i.p. with 4.8 mmole/kg/day in two divided
doses for 14 days. Controls received 0.9%
NaCI.

Oral

The acute oral LD~oof Disodium EDTA was -3.7
g/kg for both male and female Wistar rats. Signs
of toxicity included ataxia, convulsions, and
diarrhea. Changes in tissues were not reported
during this study (Hasegawa et al., 1989).
Brendel et al. (1953) reported the LD~ of
Disodium EDTA in mice as 400 mg/kg and the
oral LD~ in rats of Sodium EDTA was 10.0 g/kg.
In studies using dogs and rabbits, the oral LDso'S
of Sodium EDTA were 12.0 g/kg and 7.0 g/kg,
respectively (FDA, 1998b). The oral LDsofor
Trisodium EDTA was 4.0-8.0 g/kg in studies
using rats (Dow Chemical Company, 1987). The
oral LD~ of Disodium EDTA in rats was
>2.0 g/kg. Additional details were not available
(BASF, 1996a).

Rats infused for 2 days with Calcium EDTA 12
days after wounding had about 4 times more
hydroxyproline in the urine than controls.
Breaking strengths of the skin and gut wounds
were not significantly different between control
and Calcium EDTA treated rats. More than 50%
of the control and experimental animals died
when both wounding of the skin and colon were
made. The animals treated with 4.8
mmole/kg/day and fed the liquid diet were
unclean, depressed and had diarrhea. However,
no change in the breaking strength of either
wound was found after treatment with Calcium
EDTA. The investigators stated that the
unwounded skin of Calcium EDTA treated rats
had a significantly lower breaking strength than
the wounded skin due to the greater weight toss

The acute oral LDs0 in Wistar rats of Disodium
EDTA was between 2.0 and 2.2 g/kg (Yang and
Chan, 1964). Rats treated with greater doses of
the chelating agent had intestinal hemorrhages,
especially in the small intestine. In another
study, adult rats were given 95 mg doses of
Disodium EDTA at 2-h intervals via intubation.
No signs of toxicity were observed after
ingestion of 190 mg EDTA (950 mg/kg), but
diarrhea occurred when the total dose was 285
mg (1425 mg/kg).
Intravenous

The effects of Disodium EDTA as a blood
preservative was investigated using dogs.
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Seven dogs per group had blood collected from
the femoral artery at a rate of 2 ml/kg/min for a
total loss of 30 ml/kg. Thirty minutes later, the
blood was added to 4.5% isotonic Disodium
EDTA, and the blood was returned to the right
femoral vein at rates of 4.6-10 ml/kg/min. The
final EDTA concentrations were 0.09% and
0.18%. The dogs were evaluated for 15 min and
24 h after the termination of retransfusion. None
of the dogs of the low dose group died as a
result of treatment. Venous pressure did not
"rise unduly" and arterial pressure returned to
normal. Five of the seven dogs of the high dose
group did not have increased arterial pressure,
but the venous pressure increased such that the
dogs died. In the remaining two dogs of this
group, the arterial pressure returned to normal
after transfusion and the venous pressure
increased only for ~10 min, then decreased
(Skala, 1968; Skala and Posp{~il, 1968).

the fraction that appeared in the sediment
increased over the first 3-6 h period at all doses.
The percent cortical activity decreased from
peak levels by 24 h. The percent injected
activity in the medulla also decreased rapidly
during the first 3 h after administration.
Isopycnic density gradient experiments
demonstrated no change in density in acid
phophatase particles between control and
treated animals (Schwartz et al., 1967).
Intravenous administration of Calcium Disodium
EDTA in rabbits indicated that the LDso was less
than 4 g/kg and greater than 2 g/kg because no
deaths occurred at this dose. Additional details
were not available (Bauer et al., 1952).

Intraperitoneal
The i.p. LDso in rats of Tetrasodium EDTA was
>2.0 g/kg. Brendel et al. (1953) reported the
LD~'s of several forms of EDTA after i.p.
injection in mice: Tetrasodium EDTA as 350
mg/kg, Dipotassium EDTA as 450 mg/kg, and
Calcium EDTA as 500 mg/kg.

The i.v. infusion of 4.7% Disodium EDTA (1.65
ml/kg/h) into calves resulted in the chelation of
circulating Ca2÷such that progressive
hypocalcemia occurred (Desmecht et al., 1995).
Payne and Sansom (1964) determined the lethal
dose of Disodium EDTA when administered as a
single i.v. injection to rats under ether
anesthesia. Disodium EDTA always caused
death within 1 min. The calcium equivalent of
the lethal dose was 0.45 mg Ca/100 g rat.
Chronic infusion of Disodium EDTA at a rate of
0.05 ml every 20 sec for 2-80 min resulted in
0.96-1.76 mg Ca/100 g of rat calcium "chelated
or removed" before death.

Srivastava et al (1986) investigated the acute
toxicity after intraperitoneal (i.p.) dosing of EDTA
and HEDTA, as well as other
polyaminocarboxylic acid chelators, using female
albino rats. Ten rats per group were dosed with
266-900 mg/kg of either EDTA (0.72-2.42
mM/kg) or HEDTA (0.77-2.62 mM/kg). All rats of
the high dose groups died as a result of
treatment. None of the rats dosed with 266-400
mg/kg EDTA or 266-423 mg/kg HEDTA died.
The LDso's were 512.9 mg/kg EDTA (1.38
mM/kg) and 645.1 mg/kg HEDTA (1.87 mM/kg);
the 95% confidence limits were 414.2-635.0
mg/kg (1.11-1.71 mM/kg) and 528.1-788.0
mg/kg (1.53-2.29 mM/kg), respectively. All the
chelating agents tested in this study caused
irritation, convulsions, and aggressiveness.
Congestion of the liver, kidneys, and lungs were
observed. The investigators concluded that the
toxicity of this class of chelators was inversely
related to the number of carboxyl groups present
in the molecule; for example,
triethylenetetraminehexacetic acid with six
carboxyl groups was less toxic than EDTA with
four groups. The replacement of a carboxyl
group with a hydroxyl group decreased the
toxicity such that HEDTA was less toxic than
EDTA (Srivastava et al., 1986).

Male, albino, Sprague-Dawley rats were dosed
with a single i.v. injection of 10 end 100 mg/kg
radioactive Calcium Disodium EDTA. Animals
that were dosed with 1000 mg/kg Calcium
Disodium EDTA were given four divided doses
over 30 min to avoid death and acute toxic
effects. The kidneys were removed at 30 min, 1,
2, 3, 6, and 24 h after injection by differential
centrifugation experiments, activity of the
radioactive chelate was found in the renal cortex
30 min to 24 h after dosing that decreased with
time. The peak concentration of Calcium
Disodium EDTA appeared in the cortical
sediment within 30 min at all three doses. The
cortical supematant had a sharp decrease in
activity over the first 2-3 h, whereas the cortical
sediment activity did not decrease until after 6 h.
Of the total activity that appeared in the cortex,
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The i.p. LD~o of Calcium Disodium EDTA in mice,
rats and rabbits exceeded 4.5, 7, and 6 mg/kg,
respectively (Bauer et al., 1952).

acid ribonuclease activity occurred in the
150,000-g and supernantant fractions at 24 h.
The high dose of Calcium Disodium EDTA
produced a significant decrease in the relative
specific activity of acid ribonuclease in the 300and 650-g fractions and an increase in the
150,000-g and supernatant fractions.

Schwartz et al. (1966) administered Calcium
Disodium EDTA i.p. in single doses of 1.0 or 2.5
g/kg. Control animals received a corresponding
volume of 0.9% saline i.p. The kidneys were
removed 2 or 24 h after injection. Microscopic
lesions included vacuolization of predominantly
the tubular part of the outer cortex of the kidney,
fine vacuolization focally located 2 h after
administration of 1.0 g/kg Calcium Disodium
EDTA, and changes in the proximal cells of the
affected nephron. Vacuolization became more
diffuse throughout the proximal convoluted
tubule cells and the vacuoles were much larger
24 h after administration of 1,0 g/kg Calcium
Disodium EDTA. The same lesions were
observed with the higher dose of Calcium
Disodium EDTA; however, sometimes severe
cell damage, characterized by the disruption of
the brush border and the presence of free nuclei
in the tubular lumens, was noted at 24 h.

Schwartz et al. (1966) performed separate
experiments in which the same solution of
Calcium Disodium EDTA that was administered
to rats was added to control homogenates,
yielding final concentrations of 20-200 IJmoles
chelate/ml homogenate. Calcium Disodium
EDTA had no effect on the assay of the three
enzymes studied.

Short-term Toxicity
Oral

Kawamata et al. (1980 or 1981) compared the
toxicities of 1-5% Disodium EDTA and 5.5%
Calcium Disodium EDTA in a one-month feeding
study using 15 rats/sex/group. Some of the rats
fed 5% Disodium EDTA died (number not
available) and others had marked suppression of
body weight gain, decreased leucocyte and
lymphocyte counts, decreased calcium serum
concentration and decreased weights of the
liver, spleen, and thymus. Microscopic changes
included parakeratosis of the esophagus and
nonglandular stomach. Similar but milder effects
were observed in rats fed Calcium Disodium
EDTA.

Using differential centrifugation, Schwartz et al.
(1966) also examined the renal enzymatic
changes (aryl sulfatase, acid phosphatase, and
acid ribonucJease) that occurred as a result of a
single ip injection of 1.0 or 2.5 g/kg Calcium
Disodium EDTA. No changes in the enzyme
activity of any fractiorl or in the total specific
activity (total recovered activity/total recovered
protein) occurred at either dose at 2 h.
However, significant changes in lysosomal
enzymes were observed in both dose groups 24
h after administration of Calcium Disodium
EDTA. Aryt suffatase activity of the various
fractions was significantly decreased at a dose
of 1.0 g/kg along with a decrease of total aryl
sulfatase activity. Similar results were obtained
for aryl sulfatase activity when the dose was 2.5
g/kg. Acid phosphatase activity was decreased
in all fractions and the total acid phosphatase
activity decreased more than the total aryl
sulfatase activity at 1.0 g/kg. In the high dose
group, statistically significant decreases in
activity occurred in three fractions of acid
phosphatase at 24 h. Acid ribonuclease activity
was evaluated using the relative specific activity
(the degree of enzyme concentration in the
component fraction as compared to that in the
combined fraction). Therefore, at the lower
dose, a significant decrease occurred in the 300and 650-g fractions and a significant increase in

Fisher 344 rats and B6C3F 1 mice
(five/species/sex/group) were fed 4649, 6800,
10,000, 14,700, or 21,600 ppm Trisodium EDTA
Trihydrate over a period of seven weeks,
followed by a seven-day observation period (see
"Carcinogenicity"). Male rats fed 210,000 ppm
and female rats fed 214,700 ppm had soft stools,
considered a sign of compound-related toxicity.
After the observation period, the body weights of
the treated rats (all doses) were comparable to
those of the matched controls. No evidence of
organ toxicity was found. Male mice fed 21,600
ppm and female mice fed 26800 ppm had
decreased body weights compared to controls.
One male mouse of the high dose group died.
No gross lesions were observed at necropsy
(NTP, 1977).
When administered in drinking water to white
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mice, EDTA, Disodium EDTA, Tetrasodium
EDTA, and Calcium Disodium EDTA produced
changes in the mineral content of the tissues
(Sprague, 1974-6). EDTAwas administered at a
concentration of 3.4 mM (due to its low solubility
in water) and the salts were administered at
concentrations of 25 mM. The mineral content
of bones, kidneys, liver, and muscles was
determined using atomic absorption
spectrophotometry. Hepatic calcium and renal
magnesium concentrations were decreased in
mice given Calcium Disodium EDTA. After
treatment with Tetrasodium EDTA, calcium was
reduced in bone, liver, and muscle; zinc was
reduced in the kidneys, muscle, and liver; and
magnesium was reduced in bone and liver. Mice
given Disodium EDTA had increased renal
calcium and magnesium; mice given EDTA had
increased muscle calcium; and mice treated with
Tetrasodium EDTA had increased renal
magnesium. Similar results were reported by
Krari and Allain (1991) after oral administration
of 1 mmol/kg/day EDTA for 35 days in a study
using 42 male Wistar rats.

SlCr was significantly increased in the small
intestine of the 7 animals evaluated. A marked
increase in urinary total hydroxyproline occurred
in those animals treated with Calcium EDTA. In
the first twelve hours, hydroxyproline content
increased almost 2-fold and by 48 h the increase
was almost 6-fold over the preJnfusJon level of
excretion. Control animals had a slight increase
in urinary hydroxyproline related to reduced feed
intake and loss of body weight. The excretion
pattern of free hydroxyproline differed from total
hydroxyproline in that a significant increase was
seen at 24 and 48 h.
In a separate study, 3 male rats received 50 IuCi
L-proline-14C in 3 daily i.v. injections. Four
weeks later 2 of the rats were infused with
Calcium EDTA and the third with NaCI solution
as described previously. An immediate increase
in urinary hydroxyproline-14C radioactivity
occurred upon administration of Calcium EDTA.
The specific activity of total hydroxyproline
excreted in the urine did not change from the 24
h control period preceding the infusion of
Calcium EDTA. A similar pattern was observed
in the control rat.

Intravenous

Male Sprague-Dawley rats (-19) were infused
with a toxic dose of Calcium EDTA continuously
over a 48 h period. Initially, all rats were infused
with a solution of 0.9% NaCI for 24 h. A total
dose of 12 mmoles/kg Calcium EDTA was
administered with plasma concentrations ranging
between 300-600 pM. The control animals (~18)
received 0.9% NaCI for 72 h. Rats infused with
Calcium EDTA were depressed and had
diarrhea and blood in their urine by the end of
the treatment. Weight loss was significantly
greater in treated animals than in control
animals. Weight loss may also have been due to
restraint because only minimal amounts of feed
were offered at this time. The intestinal tract,
especially the duodenum, of rats treated with
Calcium EDTA appeared congested. The
intestinal wall was thin, the lumen was filled with
gas, and the intestinal weight was significantly
less than that for control animals (Aronson and
Rogerson, 1972).

In another study, urine samples from eight rats
were selected based on the gross appearance of
blood in the urine and were analyzed for amino
acid content. Increased excretion of certain
amino acids occurred 36 hours following infusion
of Calcium EDTA compared to the 12 hours
preceding the infusion. Rats that did not have
any gross appearance of blood in the urine had
either unchanged or slightly increased amounts
of amino acids characteristic of collagen present
following Calcium EDTA infusion. The increase
in proline excretion after Calcium EDTA infusion
paralleled the increase in hydroxyproline
excretion (Aronson and Rogerson, 1972).
Forland et al. (1966) studied the renal excretion
of EDTA in 38 dogs. The experiments were
performed in the postabsorptive, hydropenic
state. Anesthesia was induced and maintained
with sodium pentobarbital. Inulin and paminohippurate (PAH) were given i.v. throughout
the experiment. EDTA plasma concentrations
ranged from 0.01 to 0.10 M given at a rate of 1.6
or 3.2 ml/min in 6 of the studies. The remaining
6 dogs received 0.125 M EDTA i.v. at a rate of
1.6 ml/min. In the six studies, the following
solutions were given i.v. in addition to EDTA: 5
dogs received Probenecid, 40 mg/kg/h in 0.85%

Dogs (20) challenged twice daily with 150, 250
and 500 mg/kg i.v. had LTs0's of 40, 18.5, and 13
days, respectively (Bauer et al., 1952).
The permeability of the small intestine was
measured by EDTA-51Cr. Absorption of EDTA37

saline, following a 35 mg/kg priming injection; 6
dogs received N'-methylnicotinamide chloride
(NMN), 0.25 mg/kg/min in 0.85% saline following
a 0.25-0.50 mg/kg priming injection; 5 dogs
received Cyanine 863, 1.5-4.0 mg/kg in 0.85%
saline over 3 min; 6 dogs received 0.5 M sodium
bicarbonate following a 50 ml priming injection; 5
dogs received 0.03 N hydrochloric acid in 0.85%
saline following the injection of 2 g of ammonium
chloride in 0.85% saline over 5 min. Five
additional dogs studied at various plasma EDTA
concentrations received 6 g of methionine and 4
g of ammonium chloride daily for 3 days before
the experiment and 0.05 N hydrochloric acid was
infused at 3.2 ml/min throughout the study.
Control animals (27 dogs) were given tubular
competitive or inhibitory agents.

Disodium EDTA and 35 mg/kg inulin followed by
the infusion of 1.39 IJmoles/kg/min Calcium
Disodium EDTA and 1.1 mg/kg/min inulin when
simultaneous measurments of Calcium Disodium
EDTA were made. When clearance ofpaminohippurate (CpAH)and tubular maxima
(TmpAH)concentrations were determined priming
doses were 7 and 120 mg/kg followed by a
constant i.v. infusion of 0.22 and 2.5 mg/kg/min,
respectively. Sustaining solutions were
delivered at a rate of 3.5 ml/min. Steady state
conditions were established about 40 min after
the start of infusion. Probenecid (20 mg/kg) was
administered to dogs and calves as a single
injection after the third of six consecutive
clearance periods in 5 experiments.
Calves were not fasted and were hydrated with
30 mg/kg tap water p.o. The priming dose was
the same as used in the dogs, but the infusion
rate of Calcium Disodium EDTA was 0.745
pmole/kg/min and 0.5 mg/kg/min for inulin.
Determination of CpAH had the same priming
injection as the dogs; however, the infusion rate
was 0.3 mg/kg/min. Sustaining solutions were
delivered at 7 ml/min.

The glomerular filtration rate (GFR) was
measured using inulin and 60 simultaneous
determinations in 6 dogs; the renal clearance of
EDTA closely approximated the inulin clearance.
Probenicid selectively inhibited and reversed the
organic tubular transport mechanism of PAH. In
this study, it failed to alter significantly the renal
clearance of EDTA over 30 experimental periods
in 5 dogs. NMN has a functionally separate
tubular secretory mechanism which is neither
competitive with PAH nor suppressed by
Probenecid. Infusion of NMN did not diminish
EDTA clearance. Although increases in CEDTA
were observed in 4/6 dogs, they were not
considered significant. Cyanine 863, a marked
and prolonged inhibitor of NMN that does not
alter PAH secretion, caused a decrease in the
GFR with a comparable decrease in the renal
clearance of EDTA. Acidification and
alkalinization had no significant effect on renal
EDTA clearance. A slightly increased clearance
ratio at low plasma EDTA concentrations
occurred with pretreatment of methionine and
ammonium chloride.

Rats were fasted overnight before the
experiment. Incorporation of 20% mannitol in
the infusion solution ensured adequate urine
flow. A priming dose of 20 mg/kg inulin and 75
IJmoles/kg Calcium Disodium EDTA was infused
with subsequent infusion rates of 12 mg/kg/min
and 3 IJmoles/kg/min, respectively. The
sustaining solution was delivered at a rate of
0.05 ml/min and urine samples were collected at
30 min intervals 40 min after infusion. Urine was
quantitatively collected for 6 h following the renal
clearance study. NMN and probenecid were
incorporated into the infusion solution and
administered to 3 or 11 rats at a rate of 1.2
mg/min, respectively.
The clearance ratio over 65 periods in 9 dogs
and 45 periods in 4 calves of simultaneously
administered inulin and Calcium Disodium EDTA
closely approximated each other over a wide
range of pH values but was not significant. The
clearance of Calcium Disodium EDTA was
independent of the rate of urine flow. The
administration of probenecid or NMN did not
measurably alter Calcium Disodium EDTA
clearance in dogs, calves or rats. The i.v.
administration of 0.3 M sodium acetate at a rate
of 7 ml/min to dogs did not enhance Calcium

Aronson and Ahrens (1971) administered
Calcium Disodium EDTA to female mongrel
dogs, female Holstein-Friesian calves (weight
71-124 kg) and male Sprague-Dawley rats. The
dogs were fasted 18 h prior to the experiment
and hydrated with 20 ml/kg tap water p.o. 45 min
before the experiment to produce a mild water
diuresis. Sodium bicarbonate (2.5 mmoles/kg)
or ammonium chloride (dogs, 2.5 mmoles/kg and
calves, 6 mmoles/kg) were given in the hydrating
solution when appropriate to dogs end calves.
The priming dose was 75 IJmoles/kg of Calcium
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infusion of 3 mmoles/kg/day Calcium EDTA.
After 36 h of Calcium EDTA infusion, about 20%
EDTA-51Cr was absorbed and excreted in the
urine while glucose absorption stopped. Net
fluxes of water and electrolytes from the
duodenal loop were not significantly changed.

Disodium EDTA clearance. CpAH and C~,u,.
measurements in 4 dogs and 3 calves were
unaffected by Calcium Disodium EDTA. TmpAH
measurements in dogs were also unaffected by
Calcium Disodium EDTA. PAH had no
significant effect on the volume of distribution or
the disappearance half-time of Calcium
Disodium EDTA in plasma as studied in 4 dogs
and 3 calves.

Morphologic changes of the intestine of severe
congestion and hemorrhage occurred in all dogs
given Calcium EDTA. Focal hemorrhages of the
colon occurred in one-half of the dogs. Kidneys,
adrenal glands, and mesenteric lymph nodes
were frequently congested. Biopsies of the
intestine taken prior to the experiment were
normal. Microscopic changes in tested dogs
included degeneration and sloughing of epithelial
cells and loss of villous structure, as well as
vacuolation and necrosis of the epithelial cells
lining the proximal convoluted tubules of the
kidneys.

Ahrens and Aronson (1971) studied the effects
of Calcium EDTA in female mongrel dogs
infused i.v. with Calcium EDTA at 1.5
mmoles/kg/day continuously for 48 h. Renal
function studies used 6 dogs, 3 of which had
plasma electrolytes measured. Intestinal and
renal function were studied in an additional 14
dogs before and after Calcium EDTA
administration. The dose for Calcium EDTA in
these studies was 3 mmoles/kg/day continuously
for 36 h. The dogs had two intestinal cannulas
and a urinary bladder cannula surgically placed
two weeks prior to the experiment. Biopsies of
the small intestine were taken at this time. An
additional intestinal function study was
performed using 3 dogs 24 h prior to the start of
infusion. Renal function studies measured inulin
and PAH clearance, as well as tubular maxima
for glucose (TmG) and PAH (TmpAH). Five
experiments on the effects of sodium acetate on
TmpAHwere also conducted. The priming doses,
injected i.v., for inulin, PAH and glucose were
35, 7 and 400 mg/kg, respectively. The
sustaining infusion doses for inulin, PAH and
glucose were 1.1,0.22 and 60 mg/kg/min,
respectively. A second primer of 120 mg/kg
PAH and sustaining infusion of 1.1 and 2.5
mg/kg/min were used for inulin and PAH.

Intraperitoneal
In a 30-day study using female Wistar rats
(10/group), the i.p. LDsowas 3850 mg/kg
Calcium Disodium EDTA. The rats were treated
with 500-7000 mg/kg; it was not reported if this
was the total dose or the daily dose
(Dagirmanjian et al., 1956).
Reuber (1969) treated female Buffalo rats with
daily i.p. injections of Calcium Disodium EDTA
for 21 days. The test concentration was 20%
and the dosage was 500 mg/kg. Each treatment
group consisted of 12 rats of varying ages. The
control group consisted of six untreated rats. On
Day 21, the rats were killed and the kidneys,
liver, heart, and spleen were removed, weighed,
and examined for lesions. Prior to death after
five to seven days, 52-week-old rats "lost weight,
had brownish and crusty material over the
nostrils." Rats, 24-weeks of age when treated,
lived for 18-21 days. The youngest animals lost
weight compared to animals of the control group
and died after an average period of 13 days.
Survival time for the remaining two groups was
not affected, but the mean weights were
decreased compared to the control group. Mild
to severe microscopic changes were observed,
particularly in the kidneys (Table 5).

Signs of toxicity included vomiting, depression,
some bloody diarrhea, and moribund state.
Metabolic acidosis developed in the last 6 h of
infusion and blood pressure decreased at the
end of the infusion. Dogs infused with 3
mmoles/kg/day had plasma Calcium EDTA
concentrations of 450-550 pM. Small,
statistically significant reductions, relative tO
preinfusion of Calcium EDTA, in GFR, renal
plasma flow, Tm G and TmpAHwere observed.
Sodium acetate produced a 12% increase in
TmpAH in the postinfusion period.

Reuber (1967a) treated male Buffalo rats using
the same procedure. Twenty-four- and 52-weekold rats had severe acute tubular necrosis and
died within 7 and 5 days, respectively. These

Intestinal permeability increased as toxicity
developed as evidenced by the appearance of
the volume marker EDTA-51Cr in the urine after
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Reuber (1967b) carried out an experiment in
which 13 four week old male rats and 12 four
week old female rats received daily i.p. injections
of Calcium Disodium EDTA for 21 days. Animals
were dosed with a 20% solution of 500 mg/kg
Calcium Disodium EDTA. Laparotomy and
hepatic biopsy were done on day 22 and
biopsies were taken again 21 and 42 days after
treatment stopped. Animals were sacrificed on
day 63. Hydropic changes of hepatocytes were
observed in the first biopsy and this lesion
decreased in severity in later biopsies until it was
absent at day 63. Foci of inflammatory cells
were still present.

rats also had crusty material over the nostrils as
did the females of the study reported above.
Rats injected at 4 weeks of age had minimal
focal hydropic change of the proximal convoluted
tubules; rats treated at 12 weeks of age had
moderate focal hydropic change within 21 days.
Rats treated at 4- and 12-weeks of age survived
to the end of the study. The 4-day-old rats
treated with Calcium Disodium EDTA that
survived to Day 13 of the study had extensive,
moderate hydropic change, but also had
regeneration of the epithelial cells of the proximal
convoluted tubules.
Similar results were reported by Reuber and Lee
(1966) in a study using male Fischer, Buffalo,
ACI, and Marshall rats. Marshall rats were the
least affected and ACI rats the most affected.
Marshall and Buffalo rats had minimal to
moderate hydropic swelling of the proximal
convoluted tubules. More severe lesions were
observed in the tubular cells of both Fischer and
ACI rats. However, the ACI rats also had
regeneration of the epithelial cells.

Doolan et al. (1967) evaluated the nephrotoxiclty
of Calcium Disodium EDTA in male and female
Long-Evans and Sprague-Dawley rats. Calcium
Disodium EDTA (300-500 mg/kg) was
administered i.p. daily for 10 consecutive days.
Each study had a control group that received the
same number of injections of normal saline.
Animals were

TABLE 5
CALCIUM DISODIUM EDTA-INDUCED LESIONS IN RATS
(Reuber, 1969)
AGE
4 days

RESULTS (all animals dosed i.p. with 500 mg/kg)

Kidneys: Moderate hydropic change of the calls of PCT=; tubules lined with regenerating epithelial cells;
flattened cells with increased no. nuclei & occasional mitotic figures

4 weeks

Kidneys: Small, clear vacuoles in cytoplasm of calls of a few PCT of outer cortex
Live~' Reversible hydropic change of parenchymal calls

12 weeks

Kidneys: Occasional, mild to moderate hydropic change of calls of PCT

24 weeks

Kidneys: Moderate hydropic change in focal PCT beneath capsule; smaller tubules deeper in cortex lined by
large calls with clear cytoplasm, vesicular nuclei, and nucleoli; no brash border; swollen cells filled lumen
Lungs: Usually focal congestion and edema of lungs

52 weeks

Kidneys: Focally, severe hydropic change of the PCT of the outer cortex; other tubules had mild to moderate

hydropic change; small granules of lipid in tubules without hydropic change
Lungs: Usually focal congestion and edema of lungs
"PCT=proximal convoluted tubules

and control group, respectively.

sacrificed 24 h after the last injection. The
radioactive Calcium Disodium EDTA was
injected at 300 mg/kg/day for 10 days.

Microscopic changes varied within each kidney
and among the animals in a group. Changes
were most pronounced in the outer and middle
zones of the cortex, and in the mildest form
(grade 1) small, clear, randomly dispersed, well
demarcated vacuoles in the cytoplasm of the
epithelial cells of the proximal tubules occurred.

The groups receiving Calcium Disodium EDTA
had a 4.3% decrease in body weight (% of initial
weight), while the control group gained 6.2% in
weight. During the experiment, 6/109 and 1/97
rats died in the Calcium Disodium EDTA group
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When grade 2, the changes consisted of
increased numbers of vacuoles within a clear
cytoplasm. In grade 3 changes the vacuoles
were larger and had replaced the cytoplasm, but
did not displace the nucleus. Grade 4 changes
included, extrusion of cell contents through the
disrupted apical border and displacement of the
cell nuclei; these changes were not observed
very often in groups treated with Calcium
Disodium EDTA. The blood vessels and
glomeruli appeared normal. The serum urea
nitrogen was not significantly affected by
treatment with Calcium Disodium EDTA.

occlusion of collecting tubules with debris. Rats
of the 3,000 mg/kg group developed severe
hydropic degeneration of the proximal
convoluted tubules, no preexisting cells or their
component parts were observed, the distal
convoluted tubules had parenchymatous
degeneration, hydropic change was observed in
some cells of the Henle's loops, hyaline and
amorphous casts were present in the co!lecting
tubules, dilatation of the proximal tubules was
seen, and glomerular tufts appeared edematous
with proteinoid precipitate in the glomerular
space. Control animals did not develop any
lesions (Foreman et al., 1956).

Urine volume and protein excretion were
measured daily in rats that received Calcium
Disodium EDTA, 600 mg/kg, or a comparable
volume of normal saline for 10 days. Urine
volumes of the treated groups decreased during
the first 5-7 days, then increased but remained
less than that of the control group. The total
amount of protein excreted was less than the
control group. At microscopic examination, the
kidneys had grade 2 and 3 changes.

In a subsequent study, Foreman et al. (1956)
determined the median effective dose (EDs0) in 4
groups of five rats each that were injected i.p.
daily for 16 days with Calcium Disodium EDTA at
doses of 62.5, 125, 250, and 500 mg/kg.
Another group of rats was treated with 500
mg/kg/day for 16 days and allowed to recover for
30 days. Finally, a third group of rats was fed
0.25% ammonium chloride and 0.25% sodium
bicarbonate and treated with 1000 and 3000
mg/kg Calcium Disodium EDTA to determine if
pH of the urine affected the development of renal
lesions.

A marked increase in renal zinc and calcium
content and a decrease in manganese was
observed in the treated group. The changes in
metal content of the kidneys were not correlated
with the microscopic changes that had occurred.
Additionally, potassium analyses were
performed but the treated group values were not
significantly different from control values (79.4
+/- 3.1 vs. 74.0 +/- 2.6). Grade 1-4 changes
were present in the treated rats, while the control
rats had no microscopic changes.

Rats of the 125, 250 and 500 mg/kg/day groups
developed lesions between 4 and 16 days;
however, some animals of this group did not
develop any lesions. Rats of the 62.5 mg/kg/day
group did not develop any lesions. The EDs0
was estimated as 203 mg/kg. Animals treated
with 500 mg/kg for 16 days and then allowed to
recover had normal appearing renal tubules. No
differences were found between the urinary
findings of treated animals and the controls with
respect to pH, volume, and albumin content,
However, the urine of the treated animals had
casts and epithelial cells.

Male Sprague-Dawley rats were used in a series
of studies to determine the nephrotoxicity of
Calcium Disodium EDTA. Initially, 2 groups of 6
rats each were given 1000 mg/kg or 3000 mg/kg
Calcium Disodium EDTA plus 1% procaine i.p.
for 6 days. Urinewas collected and examined
and animals were killed on day 6 of treatment.
Control animals were injected with procaine
alone. Animals that received the high dose
developed lesions within 48 h, while those in the
lower dose group had signs of renal damage
after 4 days of injection. Microscopic lesions in
the 1,000 mg/kg group included: hydropic
degeneration of almost the entire proximal
convoluted portion of the renal tubular system
with the formation of huge vacuoles and some
rupture of the cell walls and occasional
obstructive nephrosis was observed with

Microscopic lesions of the lower dose groups
were limited to the proximal convoluted tubules.
Treatment with 250 mg/kg resulted in
microscopic changes in the loops of the tubule
adjacent to the glomerulus and further along the
proximal convoluted tubule the cytoplasm had
many smaller, irregular vacuoles. The 500
mg/kg dose rats had severe changes with half
the proximal convoluted tubule having hydropic
degeneration. Animals receiving 3,000 mg/kg on
a normal diet or with ammonium chloride added
to the diet died within 3-6 days, while animals
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that received sodium bicarbonate died or were
moribund by day 6 of the experiment. No
additional details were given.

a single large vacuole and a pyknotic nucleus.
Inflammatory changes were absent and the
glomeruli and distal tubules were without lesions.
Other tissues did not have significant changes in
any of the groups. The rats dosed with 600
mg/kg/day developed renal lesions after 4 or 5
days of test material administration. The renal
changes were similar to and no more severe
than those in the 300 mg/kg/day group. Rats in
the high dose group were moribund after 4 or 5
days and did not survive longer than 6 days.
Neither procaine nor chlorpromazine significantly
potentiated the renal toxicity of Disodium EDTA
in the doses used in this study.

Dalvi et al., (1980) determined the effect of
Calcium Disodium EDTA on drug metabolizing
enzymes in male Sprague-Dawley rats. The
animals were divided into 7 groups of 3 rats
each, five groups received 0.11 mmol/kg
Calcium Disodium EDTA i.p. daily for 7 days.
The remaining two groups were controls and
received either the vehicle, normal saline, or
DMSO (the vehicle for another chelating agent).
The animals were killed 24 h after the last
injection. In an in vitro experiment, these
investigators incubated an equimolar (1.0 M)
concentration of Calcium Disodium EDTA with
liver microsomes from phenobarbital pretreated
rats.

Reuber and Schmieler (1962) studied renal
lesions caused by Calcium and Sodium EDTA in
155 male Sprague-Dawley rats. The animals
received daily i.p. injections of either edetate in
doses of 250, 400 (only animals that received
Sodium EDTA) or 500 mg/kg. The high dose
was divided into 2 i.p. injections of 250 mg/k9
each given in the morning and afternoon.
Surviving animals were killed after 3, 6, 9, 14,
and 21 days. Additional groups of rats received
21 daily injections followed by 2 weeks of a nontreatment period and then the rats were killed.
Rats dosed with 500 mg/kg Sodium EDTA lost
weight, were lethargic, and some died within one
hour after the injections. The rats that received
400 and 500 mg/kg Sodium EDTA were dead by
day 14 and 9 respectively. Rats in the Calcium
EDTA groups gained weight throughout the
experiment. The bowel was moderately dilated
in rats given 400 and 500 mg/kg Sodium EDTA.

Hepatic microseme preparations from the rats
pretreated with Calcium Disodium EDTA were
incubated with benzphetamine. The rate of
metabolism of the drug in the microsomes was
significantly lower compared to control animals.
However, the amount of cytochrome P450
present was not significantly affected. The
amount of cytochrome P450 was not significantly
changed when Calcium Disodium EDTA was
incubated with microsomes from phenobarbital
pretreated rats.
Male albino rats (10 rats/group) were dosed with
Disodium EDTA i.p. over a 4 h period using an
"automatic injection apparatus". Group 1
received 300 mg/kg/day Disodium EDTA, group
2 received the same dose plus 10 mg/day
procaine, group 3 received the same dose plus
0.5 mg/day chiorpromazine, and group 4
received 600 mg/kg/day Disodium EDTA. Rats
were killed on day4, 8, 10, 12, or 15. Control
rats received daily i.p. injections of procaine and
chlorpromazine equivalent to the dose of the
treatment animal for 15 days (Altman et al.,
1962).

Microscopic changes were present in all rats of
the 400 and 500 mg/kg groups. The high dose
rats had mild hydropic changes in one-half of the
proximal convoluted tubules in the outer cortex
by day 4 and marked degeneration that involved
two-thirds of the tubules by days 7 and 8. The
400 mg/kg dose rats had severe changes in onehalf of the same area of the kidneys by day 6,
and by day 9, two-thirds of the tubules in the
entire cortex had marked changes. By 14 days,
one-half of the tubules had lesions. The 250
mg/kg dose rats had mild to moderate
degeneration in the tubules after 6 days in 30%
of the animals, and after 9 days the changes
were marked in one-half of the tubules of all rats.
Two weeks after withdrawal of the drug, lesions
were absent. Tubule regeneration had not
occurred at any of the doses of Sodium EDTA.

Renal tubular damage occurred in all rats treated
with 300 mg/kg/day by day 12 and was present
in all animals treated for 15 days. At
microscopic evaluation of the kidneys, a patchy
involvement with severe hydropic degeneration
was observed in the epithelium of the proximal
convoluted tubules. Some tubular epithelial cells
had small, irregular cytoplasmic vacuoles without
nuclear changes and other tubules had cells with
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Lesions developed in 58% of the animals that
received 500 mg/kg Calcium EDTA. Mild
hydropic changes of the proximal tubules were
observed in rats killed during the first 21 days of
dosing and occasionally moderate hydropic
degeneration was present in the tubules of the
outer cortex. After 2 weeks of non-treatment,
focal mild subscapular swelling and mild focal
regeneration in the loops of Henle were
observed. No changes were observed after 21
days or 2 weeks after discontinuing Calcium
EDTA.

during a tonic seizure. The LDs0 was 6.25
mmol/kg. Rats of the high dose group also had
slightly pale livers at necropsy, but no other
lesions of toxicity were observed (Wynn et al.,
1970).
Groups of three albino rats per sex were fed a
low-mineral basal feed (see "Animal Toxicology-Short-Term Toxicity"). Rats of Group 1 were fed
basal diet only and rats of Groups 2-4 were fed
diet containing 0.5% Disodium EDTA, 1.5%
Disodium EDTA, and 1.5% Calcium Disodium
EDTA, respectively. Weight gain was
significantly decreased in rats of Groups 3 and 4,
but no other signs of toxicity were observed
(Yang and Chan, 1964).

Subchronic Toxicity
Oral

Intravenous

Eighty male Holtzmann rats (10/group) were fed
1.0-10.0% Disodium EDTA for 13 weeks (Wynn
et al., 1970). Body weights and average daily
feed consumption were determined weekly, and
hematologic studies were performed at the end
of the fourth and thirteenth weeks. The urinary
concentrations of chelated and free calcium
were determined (see "General BiologyAbsorption, Metabolism, Distribution, and
Excretion"). Half of the survivors were killed and
tissue collected for microscopic examination.

When 10 rabbits were injected i.v. with 20 mg/kg
Calcium Disodium EDTA on atternate days for
six months, only slight changes occurred in the
blood and blood-forming organs (Sroczy~ski,
1966). Erythrocytes with basophilic stippling
were observed in the peripheral blood, and the
erythroblastic tissue of five of the treated rabbits
had lesions of stimulation and impaired
maturation. The amount of hemoglobin and the
erythrocyte count were not significantly affected,
despite slight initial decreases. The reticulocyte
count increased slightly as did the amount of
serum iron. The amount of copper in whole
blood and serum phosphatase activity both were
decreased significantly. Other parameters were
not affected by treatment with Calcium Disodium
EDTA.

Rats fed 5.0% or 10.0% Disodium EDTA had
significantly decreased feed consumption (1030% less than controls and 40-70% less,
respectively) and body weight gains compared to
controls. Rats of the high dose group appeared
"emaciated." Rats fed 5% or 10% Disodium
EDTA had diarrhea by the third day that lasted
throughout the study. Water consumption of rats
of the 5% dose group was greater than two
times the value of the control group. All of the
rats of the high dose group and 20% of the 5%
dose group had priapism within the first four
weeks to the end of the study. Rats of the high
dose group had slightly decreased hematocrit
and hemoglobin values during the fourth week,
but these parameters returned to normal by the
end of the thirteenth week. The investigators
noted that, although the total concentration of
calcium was approximately two times the control
value, no evidence was observed of bone
erosion or mobilization of calcium reserves.
Mortality was 60% in the high dose group and
20% in the 5% group. The first death of the 10%
group occurred during the third week of
treatment; one rat of the 5% group was "highly
irritable" for several days prior to death and died

Intraperitoneal
Daily i.p. doses of 0.1,0.2, 0.3, 0.5, 1.0 g/kg
Calcium Disodium EDTA five days per week for
14 weeks to Wistar rats (6/dose) produced a
graded weight reduction.
When twenty guinea pigs of both sexes were
injected i.p. daily for up to six months with 0.8-1
ml of 6% Disodium EDTA, the animals died of
either a rupture of the ventricular wall or of right
ventricular failure (Yamaguchi et al., 1993a;
1993b). Those guinea pigs that died of the latter
cause had "remarkable dilatation resulting in
extraordinary thinning of the wall." Moderate
constriction of the pulmonary arteries was
observed, with a few narrowly formed elastic
elements in the wall. Severe narrowing of the
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vascular lumens was observed in the peripheral
arteries; the constriction was such that individual
erythrocytes could "barely" pass through the
vessels. Using electron microscopy, the
investigators observed irregularly thickened and
fragmented internal elastic lamellae of the
pulmonary artery. Severe coiling of the internal
elastic lamellae and vacuolar formation were
observed in the smooth muscle cells. The
lamellae were barely stained by tannic acid, a
change suggestive of degenerative change in
the elastic components. Focal or total expansion
and hemorrhage of the vascular wall, as well as
plexiform-like lesions of the thin-muscular-type
arteries, were also observed. In a subsequent
six-month study (Yamaguchi et al., 1994),
dilatation of the left ventricle with a moderately
thin ventricular wall, as well as right ventricular
changes, were observed. The investigators
concluded that these changes were due to
EDTA-induced calcium deficiency. The lowcalcium content "loosened" the molecular
structure of glycosaminoglycans and
glycoproteins, which are components of the
intercellular matrix and elastic lamellae. This
change in the components' viscous characters
accelerated the detachment of endothelial cells,
but did not adversely affect the joining of
endothelial cells (Yamaguchi et al., 1994b).

(1963) fed Calcium EDTA to Wistar-derived rats
(25/sex/group). Weanling rats were treated with
0.25-4% for 12 weeks, mated, then treated with
0.25% for 18 months. The actual dosages of
Calcium EDTA were 50-250 mg/kg. Offspring
were fed their respective parents' diets. The
feeding of the chelate salt had no adverse
effects on survival, growth, hematologic
parameters, reproduction, or lactation. No gross
or microscopic abnormalities were observed.
The same investigators fed 50-250 mg/kg
Calcium EDTA to groups of four dogs each. All
dogs survived to the end of the one-year
treatment period. The feeding of the chelate salt
had no adverse effects on growth or organ
weights. Evidence was not observed of either
osseous changes or other gross and
microscopic lesions. Hematologic findings
suggested that all dogs treated with Calcium
EDTA were in "an even better state of health
after 1 year of test feeding than they were
initially" (Oser et al., 1963).
Albino rats (total=33) were fed diets containing
Disodium EDTA (Yang and Chan, 1964). Rats
of Groups 1 and 5 were fed basal diet only. Rats
of Groups 2, 3, and 4 were fed diets having
0.5%, 1.0%, and 5.0% Disodium EDTA,
respectively. Rats of Groups 4 and 5 were litter
mates born of a dam that had been fed 0.5%
EDTA for eight months. At 12 weeks, the only
signs of toxicity were diarrhea and decreased
feed consumption in rats of Group 4; none of the
treated rats died. The study was continued for
two years. Feed consumption, growth,
hematologic parameters, and ash content of the
tibia and femur did not differ significantly from
controls. Early deaths were attributed to
pneumonia; the greatest number of deaths
occurred in Group 1 and, in decreasing order,
Groups 2 and 3. None of the rats of Group 4
died before scheduled necropsy. No lesions of
toxicity were observed at gross and microscopic
examination.

Chronic Toxicity
Oral
When rabbits were treated orally with 250
mg/kg/day Calcium Disodium EDTA, no
evidence of toxicity was observed at the end of
the two-year study, or during interim necropsy at
365 and 546 days. Doses of 375 mglkglday
Trisodium EDTA were not toxic to rats after 721
days of treatment. In a similar feeding study
using mice, the only observed effect after
treatment with Trisodium EDTA was decreased
body weight gain in males. For this study, the
lowest effect level (LEL) was 1125 mg/kg/day,
and the greatest no-observed effect level
(NOEL) was 563 mg/kg/day (FDA, 1998b).

Fifty weanling albino rats were given a lowmineral basal feed contained one-half the normal
salt mixture (Yang and Chan, 1964). Rats of
Groups 1-5 were fed basal diet only, 0.5%
Calcium Disodium EDTA, 1.0% Calcium
Disodium EDTA, 0.5% Disodium EDTA, and
1.0% Disodium EDTA, respectively. At 90 days,
the only signs of toxicity were diarrhea and
growth retardation in rats of Group 5. When the

Fischer 344 rats and B6C3F 1 Mice
(50/sex/group) were fed 3750 and 7500 ppm
Trisodium EDTA Trihydrate for 103 weeks (see
"Carcinogenicity"). During the study, no
compound-related signs of toxicity were
observed (NTP, 1977).
During a multigeneration (F3) study, Oser et al.
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study was continued for a further 115 days,
males of Group 5 and females of Group 3 had
reduced growth. An apparent growth stimulation
was observed in males of Group 4 over the first
few months. Feed consumption did not differ
significantly between groups, although the most
favorable feed efficiency ratio occurred in rats of
Group 3. The only signs of toxicity during the
study were diarrhea and "anemic appearance"
for rats of Group 5. These rats had statistically
decreased erythrocyte and leucocyte counts, but
the individual values were within the normal
range for an adult rat. Rats of Group 5 also had
longer blood coagulation time, compared to
controls, which indicated that complexing of the
free ionic calcium in the blood could have
interfered with the coagulation mechanism. In
addition, the Group 5 serum calcium values were
slightly increased compared to controls. The
total ash content of tibia was normal for Groups
1-4. In Group 5, the ash content of the tibia was
decreased, indicating possible decalcification,
and "considerable erosion" was observed in the
molars. Males were more susceptible than
females to dental erosion and the number of rats
with erosion could be correlated with the
decreased ash content of the tibia. In contrast,
no evidence of erosion was observed in rats fed
normal basal diet (containing adequate minerals)
to which 1% Disodium or Calcium Disodium
EDTA had been added. No gross lesions were
observed at necropsy and no lesions were found
at microscopic examination of the liver, kidneys,
and spleen. Rats of Group 5 had "somewhat
dilated" hepatic sinusoids and a slightly
increased number of Kupffer cells; the renal
tubular epithelium had "an indistinct appearance"
in some of the treated rats.

intracutaneously with a volume of 0.1 ml, then
nine volumes of 0.2 ml Disodium EDTA on
alternate days. A challenge injection (0.1 ml)
was given two weeks after the last induction
injection, and the treatment sites were evaluated
24 h later. The guinea pigs had no signs of
allergic reactions (Yang and Chan, 1964).
Henck et al. (1980) determined the skin
sensitization potentials of Trisodium EDTA and
ethylenediamine in a study using male Hartley
guinea pigs (10/group). The positive control was
the diglycidyl ether of 2,2-di(p,p'-hydroxyphenyl)
propane. The three test compounds were
applied as 10% solutions in dipropylene glycol
methyl ether and Polysorbate 80 (9:1). Test
volumes of 0.1 ml were applied topically to the
clipped and depilated backs of the guinea pigs,
four times in 10 days. At the time of the third
application, 0.2 ml Freund's adjuvant was
injected intradermally adjacent to the application
site. The guinea pigs were challenged on
clipped flanks two weeks after the fourth
treatment. Animals that had received Tdsodium
EDTA or ethylenediamine during the induction
phase of the study were challenged with both
compounds, one per flank. The treatment sites
were examined for irritation and sensitization at
24 and 48 h. Under the conditions of this study,
EDTA did not cause sensitization in any of the
10 guinea pigs and did not cross-sensitize with
ethylenediamine. Ethylenediamine caused slight
to marked erythema and slight edema, as well
as sensitization in all 10 guinea pigs.

Intraperitoneal
The time-50% mortality (LTso) of Calcium
Disodium EDTA was 78 days for rabbits and
cats when given daily (5/week) i.p. injections of
Calcium Disodium EDTA at doses of 0.5 g/kg
(rabbits) and 0.25 g/kg (cats).

Skin Irritation and Sensitization
Disodium EDTA was classified as a non-irritant
in a primary skin irritation test in rabbits.
Additional details were not available (BASF,
1996a).
Five male guinea pigs were injected
45

Ocular Irritation

hemorrhages and hemorrhagic iritis. No
damage occurred when a 0.1 M solution was
dropped once on the normal human conrea. A
0.1 M solution dropped continuously for 15 min
on rabbit cornea with the corneal epithelium
removed caused a little more corneal edema,
chemosis, and hyperemia of the iris than did the
removal of the epitherium itself. Healing was
complete in three days which was comparable to
de-epithelialized controls. The exposed corneas
were as clear as the control corneas. A 0.01 M
solution of EDTA dropped on the human cornea
produced almost no discomfort. Repeated
droppings for up to 15 minutes caused no
damage, only mild, pale edema of the
conjunctiva. The same concentration dropped
on deepithelialized rabbit corneas caused mild,
pale conjunctival edema and mild edema of the
corneal stroma. The eyes returned to normal in
2 to 4 days. A 0.01 M solution injected
intracorneally produced a pronounced, bluish
swelling of the cornea at the injection site that
disappeared in two weeks. A 0.01 M solution of
EDTA injected into the anterior chamber caused
a diffuse corneal edema and marked hyperemia
of the iris and conjunctiva. These observations
led the investigators to conclude that a 0.01 M
neutral solution of EDTA was safe and
nonirritating for dropping on the denuded human
cornea for 15 min, but not for injection into the
globe.

Disodium EDTA was classified as a non-irritant
in a primary mucous membrane irritation test
using rabbit eyes. Additional details were not
available (BASF, 1996a).
Meyer and McCulley (1991) investigated the
effects of chelation on biocompatibility of various
pharmaceutical vehicles using rabbit stratified
corneal epithelial cultures. I=DTA (0.05 and
0.1%) was added to balanced salt solutions,
acetate/citrate-buffered saline, phosphatebuffered saline, and saline at both pH 5 and 7.5.
Acute cytotoxicity was indicated by the percent
release of [3H]-nucleotides after a 32-min
exposure and surface damage was evaluated by
phase contrast microscopy. Protracted
cytotoxicity was indicated by the residual release
of 3H, evidence of penetrating damage
(perforation or necrosis of deeper layers of
stratified tissue), tissue loss, and decreased
protein synthesis. The exposure time causing
50% tissue damage (CDTs0) was determined for
both acute and protracted cytotoxicity.
Balanced salt solutions (both pHs) were not
cytotoxic, with or without the addition of EDTA.
At pH 5, EDTA slightly decreased the toxicity of
the acetate/citrate-buffered vehicle, but
enhanced the toxicity of the vehicle at pH 7.5.
EDTA did not increase the toxicity of the
phosphate-buffered solution or the unbuffered
saline solution at pH 5, but the cytotoxicity was
increased at pH 7.5. EDTA slightly reduced the
toxicity of the acidic acetate/citrate-buffered
solution, but at alkaline pH, the chelating agent
increased both acute and protracted injury. In
general, the acidic solutions were relatively
nontoxic compared to the acidic acetate/citratebuffered solution, and EDTA was tolerated more
in acidic solutions than in alkaline solutions.
The investigators suggested that EDTA either
inhibited the penetration of citrate into the
epithelial cells or competitively inhibited the
binding of divalent ions to citrate (also a
chelating agent), thereby decreasing citrate's
effect on intracellular pH.

Sugar and Waltman (1973) injected
intrastromally varying concentrations of a 0.1 ml
solution of Calcium Disodium FDTA into the
central cornea of 10 rabbit globes. The animals
were sedated with chloropromazine and
anesthetized with topical proparacaine. The eyes
were examined daily and scored on a scale of 04+. A 0.2 M solution of Calcium Disodium EDTA
caused very mild persistent central haze and
edema. This same solution of Calcium Disodium
EDTA produced a 0.2 score for opacity and
edema on day 2 and a 0.3 and 0.2 scores for
opacity and edema, respectively, on day 10.
In a second experiment, these investigators
denuded the corneas of rabbits by repeated
scaping. One drop of a 20% 0.2 M solution of
Calcium Disodium EDTA was applied to each of
10 corneas four times daily for 10 days. A
"balanced salt solution" was applied the same
way to 6 corneas. Topical EDTA plus
poiymyxin-B-bacitracin or EDTA alone was
applied to an additional 14 corneas (7 corneas

Grant (1952) dropped a 1 M solution of EDTA
onto the rabbit cornea; the solution produced
pain and chemosis. Repeated exposure for 15
minutes of de-epithelialized eyes caused marked
swelling or the corneal stroma, intense
conjunctival chemosis with small conjunctival
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each). Topical applications of 0.2 M Calcium
Disodium EDTA caused a diffuse superficial
groundglass appearance in the stroma of 8/10
corneas at 6 and 10 days. The haze persisted in
5/8 eyes two weeks after stopping the treatment.
None of the animals that received the balanced
salt solution had corneal opacity. No significant
differences occurred after 5 days between the
groups treated with the EDTA plus antibiotic or
EDTA alone.

micro- or anophthalmia (18%), micro- or
agnathia (63%), clubbed legs (92%), fused or
missing digits (57%), or tail malformations (curly,
short or missing tail; 98%). In contrast, none of
the 81 offspring of Group 6 had gross
malformations. The investigators concluded that
Disodium EDTA was teratogenic to rats, possibly
due to an induced deficiency of zinc (Swenerton
and Hurley, 1971).
Brownie et al. (1986) evaluated the teratogenic
potential of Calcium EDTA at dosages one-half
to twice the recommended maximal daily dose
for children (1500 mg/m2/day). ZnCaEDTA and
ZnEDTA were dosed at 8 and 20 mmol/m2/day,
respectively. The investigators injected s.c.
pregnant Long Evans rats with Calcium EDTA,
ZnEDTA, or ZnCaEDTA at 12-h intervals on GD
11-15 (Table 6). Twelve dams per group were
used for plasma and hepatic zinc analysis and
for evaluation of intestinal and renal lesions; six
per group were killed on GD 16, and the
remainder were killed on GD 21. For the other
dams, the pups were removed by cesarean
section on GD 21 and were examined for
skeletal and visceral abnormalities~

REPRODUCTIVE AND
DEVELOPMENTAL
TOXICITY
Pregnant Sprague-Dawley rats were fed 2-3%
Disodium EDTA, with and without zinc
supplementation (Swenerton and Hurley, 1971 ).
Feed and water were available ad libffum (Table
6).
All dams fed EDTA had moderate to severe
diarrhea. The fetuses were removed by
cesarean section and fixed for gross
examination on GD 21. The eyes and brain
were examined in razor cut sections of the head,
but the fetuses were not examined for other
internal abnormalities. All dams of Group 2 had
living young at term, and the litter size did not
differ from the control. The incidence of
malformations was 7% for offspring of this group.
None of the mated females of Group 3 had
grossly visible implantation sites at term. Most
of the mated females of Groups 4 and 5 had
implantation sites, but nearly one-half had dead
or resorbed fetuses. The incidence of
malformations in the fetuses of Group 4 was
87%. The litter size for Group 5 was reduced by
>50%, and the mean body weight was
decreased significantly (1.8 g compared to 5.3 g
for the control offspring). Dams of Group 5 had,
83 living young at GD 21. These offspring all
had gross malformations: cleft lip
(incidence=1.2%), cleft palate (57%), brain
malformations (hydrocephalus, anencephalus
hydranencephalus, or exencaphalus; 44%),

Females of Group 2 had decreased weight gain
and dams of Groups 3 and 4 had diarrhea as
well as decreased feed consumption, water
intake, urine production, and weight gain. One
rat each of Groups 3 and 4 died on GD 17, also
animals of those two groups had mild renal
lesions. No other microscopic abnormalities
were observed. All fetuses were resorbed in one
and four dams of Groups 3 and 4, respectively.
Thirteen of 19 litters of Group 4 had at least one
resorbed fetus, compared to nine of 30 litters of
the control group (Group 11). Fewer live births
per female were reported in Group 4, compared
to controls. Offspring of females treated with 48 mmol/m2/day Calcium EDTA had dose-related
decreases of mean body weight and mean
crown-rump length. The developmental
abnormalities observed in this study are
described in Table 7. In this study,

47

TABLE 6
TERATOLOGY
STUDY TREATMENT
(Swenerton and Hurley, 1971; Brownie

Group No.

No. Rats Mated

GROUPS
e t al., 1 9 8 6 )

Treatment

Exposure
Days (GD')

Results (%
Gross
MalformaUons)

(ORAL ADMINISTRATION) Swenerton and Hurley, 1971
1

11 (11/11)~

0% Na2EDTA, 100 ppm Zn

2

5 (5/5)

2% Na2EDTA, 100 ppm Zn

0-21

7

3

8 (0/0)

3% Na2EDTA, 100 ppm Zn

0-21

N/A

4

11 (10/8)

3% NazEDTA, 100 ppm Zn

6-14

87

5

16 (16/11)

3% Na2EDTA, 100 ppm Zn

6-21

100c

8 (7/7)

3% Na2EDTA, 1000 ppm Zn

6-21

O

6

i

0

*

(SUBCUTANEOUS ADMINISTRATION) Brownie et al., t686
1

20

2 mmol/m2/day CaEDTA

11-15

see table 7

2

20

4 mmol/m2/day CaEDTA

1 t -15

see table 7

3

20

6 mmol/m2/day CaEDTA

11-15

see table 7

4

20

8 mmol/m2/day CaEDTA

11 o15

see table 7

5

20

8 mmol/m2/day ZnCaEDTA

11-15

see table 7

6

20

20 mmol/m2/day ZnCaEDTA

11-15

see table 7

7

20

8 mmol/m2/day ZnEDTA

11-15

see table 7

8

20

20 mmol/m2/day ZnEDTA

11-15

see table 7

9

20

Saline, pair-fed to Group 4

11-15

see table 7

10

20

Hypertonic saline

11-15

see table 7

11

30

0.9% NaCI solution

11-15

see table 7

= GD, gestational days
b no. in parentheses= no. rats with implantation sites/no• rats with living young at term
c % of each gross malformation is indicated in the text

TABLE 7
TERATOGENiC
EFFECTS OF CALCIUM
( B r o w n i e e t al., 1 9 8 6 )
Group (No.
Litters)

EDTA

Abnormalities: No. Observed (No. Litters)

control

submuceus cleft (palantine bone space) 1(1); missing sternebrae 7(4); split stamebrae 7(4); no other
abnormalities were observed

1 (20)

cleft palate: 1(1); submucous cleft: 7(4); curly tail: 1(1); missing sternebrae: 8(2); split sternebrae: 7(4)

2 (20)

cleft palate: 10(2); submucous cleft: 24(6)=; curly tail: 7(1); adactyly-syndactyly: 7(1); missing stemebrae:
14(5); split stemebrae: 13(5)
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TABLE 7 (Cont'd).
TERATOGENIC EFFECTS OF CALCIUM EDTA
Group (No.
Litters)

Abnormalities: No. Observed (No. Litters)

3 (18)

cleft palate: 25(3)'; submucous cleft: 20(5)'; curly tail: 18(2); adactyly-syndaetyly: 18(2); missing
stemebrae: 14(5); split stamebrae: 12(6); fused stemebrae: 2(1); brachygnathia: 1(1)

4 (15)

cleft palate: 47(8)'; submucous cleft: 7(4); curly tail: 31(7)=; anasarca: 22(5)"; adactyly-syndactyly: 30(8)=;
hydrocephalus: 2(2); hernia: 2(2); wavy ribs: 16(2); missing stemebrae: 25(8)"; split stemebrae: 3(2); fused
stemebrae: 1(1); brachygnathia: 6(3)"; missing cantnJm vertebrae: 10(2); split vertebrae: 3(1); fused
vertebrae: 1(1)

5 (20)

curly tail 2(1); missing sternebrae 1(1); split sternebrae t 0(6); no other abnormalities were observed

6 (20 dams
treated)

submucous cleft (platine bone space) 16(6); missing stamebrae 2(2); split sternebrao 15(8);no other
abnormalities were observed

7 (20)

missing sternebrae 2(2); split sternebrae 11(7); split vertebrae 1(1); no other abnormalities were observed

8 (20 dams
treated)

submucous cleft (palantine bone space) 4(1); split sternebrse 10(4); no other abnormalities were observed

9 (20)

submucous cleft (palantine bone space) 6(3); anasarca 1(1); missing sternebrae 2(2); split stemebrae
5(4); no other abnormalities were observed

10 (20 dams
treated)

missing sternebrae 3(3); split sternebrae 7(7);no other abnormalities were observed

11 (30)
submucous cleft: 1(1); missing stemebrae: 7(4); split stemebrae: 7(4)
significantly different from control (x 2 test of homogeneity with continuity correction, at the 5% level, for the0 2X2 contingency
table containing no. litters with and without abnormality for the control and treated groups)

maternal and fetal toxicity were not observed for
groups treated with ZnEDTA or the low dose of
ZnCaEDTA. Submucous cleft was observed in
six of 2O litters of Group 5. The investigators
concluded that Calcium EDTA was teratogenic
to rats at non-maternotoxic doses (except for
decreased weight gain) and that zinc had a
protective effect when incorporated into the
chelate (Brownie et al., 1986). Kimmel (1975)
reported gonad dysgenesis in offspring of
pregnant CD rats treated with EDTA on GD 714. EDTA was administered to the rats in feed,
by gavage, or by s.c. injection at concentrations
of 1000 mg/kg/day, 1250 mg/kg/day, or 325
mg/kg/day, respectively. The feeding of EDTA
caused maternal toxicity, but none of the
females died. Seventy-one percent of the
offspring had severe malformations similar to
those observed by Swenerton and Hurley
(1971). Of the dams treated by gavage, 36%
died as a result of treatment; malformations
were observed in 21% of the offspring. When
injected s.c., EDTA killed 24% of the dams, but
was not teratogenic. Typically, the sex of the
malformed offspring could not be determined
except by microscopic examination. The gonads
were not well differentiated and the number of

germ cells was decreased significantly. Male
offspring had small, cryptorchid testicles with few
seminiferous tubules; few spermatogonia were
observed. The investigator reported that the
testicular changes were similar to those reported
in the offspring of zinc-deficient rats and
suggested that the observed changes were the
result of the effect of EDTA on the concentration
of the metal.
In another study, zinc concentrations were not
changed significantly in maternal plasma and
embryos during 3% EDTA treatment on GD 7-14
(Kimmel and Sloan, 1975). Within two days after
termination of treatment, however, the zinc
concentrations were increased 20-40%
compared to controls. In studies where 6SZn was
injected (i.v.) on GD 6, little or no change
occurred after GD 10, whereas the zinc
concentration decreased significantly in control
rats. The investigators suggested that EDTA
bound free zinc, making it unavailable for
exchange with incorporated zinc. The EDTAproduced a zinc deficiency that resulted in
teratogenic effects.
Apgar (1977) reported that Calcium Disodium
EDTA decreased the endogenous zinc supply in
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pregnant Long Evans and Sprague-Dawley rats
by increasing the excretion of the metal. Female
rats deprived of zinc from GD 18 underwent
stress at parturition, evidenced as prolonged
parturition and/or failure to consume the
afterbirth. Stress, hematocrit parameters, and
the loss of body weight were increased when the
females were also injected i.p. with 5 ml (0.1 M)
Calcium Disodium EDTA, compared to females
that were not given the chelating agent.

available (Yang and Chan, 1964).
During an in vivo-in vitro teratogenicity study,
pregnant Alderley Park Strain I rats were
injected (i.p.) with various chemicals, including
40 mg/kg Sodium EDTA (Flint et al., 1984) on
GD 12. The uteri were removed 16 h later, and
the embryonic limb bud and midbrain cells were
cultured. Growth was determined by assaying
the total protein per cell island, and
differentiation was determined as the number of
differentiated foci and the incorporation of 3H-7aminobutyric acid (GABA) or 3SSO4. The vehicle
control was 0.5% aqueous polysorbate 80 for
rats treated with Sodium EDTA. Sodium EDTA
increased the number of differentiated foci in
both types of cultures; the values were 105%
and 128% of the control values for the midbrain
and limb bud cells, respectively. Growth was
decreased in the midbrain cells (67% of control)
and increased in the limb bud cells (132%). The
incorporation of 3H-GABA and 35SO4 were 7980% of the control values for both cultures.
Sodium EDTA inhibited culture development by
less than 20%, but was classified as a teratogen
under the conditions of this study.

Schardein et al. (1981) evaluated the
teratogenicity of EDTA and its disodium,
trisodium, calcium disodium, and tetrasodium
salts using CD albino rats. Twenty inseminated
rats were intubated with 2.3-2.4 ml of the test
compounds (equivalent to 1000 mg/kg EDTA),
equally divided, twice daily on GD 7-14. The
rats of the vehicle control group received 1.0
ml/kg doses of phosphate buffer twice daily. An
additional untreated group served as the control
group.
Females of all treatment groups had diarrhea;
the incidences were 80% (EDTA), 65%
(Disodium EDTA), 35% (Trisodium EDTA), 10%
(Calcium Disodium EDTA), and 90%
(Tetrasodium EDTA). On the first day of dosing,
three females of the EDTA group and one of the
Trisodium EDTA group had transient episodes of
decreased activity. Three females given
Disodium EDTA died during treatment, but had
no gross abnormalities. The females were killed
on GD 21, and each fetus was examined for
external anomalies. The test compounds did not
significantly affect litter size, postimplantation
loss, or the sex ratio compared to controls. Onethird of the fetuses were inspected for visceral
abnormalities and two-thirds were examined for
skeletal abnormalities. No pattern was observed
regarding treatment with a particular compound
or the incidence of anomalies. The investigators
concluded that EDTA and its salts were not
teratogenic under the conditions of this study,
even at maternally toxic doses (Schardein et al.,
1981).

Disodium EDTA had no effect on either the
testicular or epididymal weights and microscopic
structure when the salt was administered in
water to Swiss albino (CFT) mice at doses of 515 mg/kg/day for five consecutive days. Caudal
sperm counts and the incidence of sperm-head
abnormalities did not differ from controls. In
addition, the incidence of post-implantation
embryonic deaths was not increased after males
treated with 10 mg/kg/day for five days were
mated with untreated females (Muralidhara and
Narasimhamurthy, 1991 ).
In an oral study using CD-1 mice (Gray and
Kavlock, 1984), resorptions and malformations
were not observed in offspring of dams treated
with 1000 mg/kg/day EDTA on GD 8-12. The
chelating agent also had no effect on litter size,
sex ratio, organ and body weights, or the
percentage of viable offspring, compared to
controls.

In a feeding study, four groups of weanling rats
(two males and four females per group) were
given 0.5-5.0% Disodium EDTA. The rats were
mated after 100 days, and mating was repeated
10 days after weaning the first litters. Rats of the
high dose group failed to produce litters, even
though they had been mated for two months.
Rats of the untreated control group and those
fed 0.5-1.0% of the test chemical had normal
first and second litters. Detailed results were not

Oser et al. (1963) reported that feeding a diet
containing 0.25-4% Calcium EDTA had no
adverse effects on reproduction or lactation
during a multigeneration study (F3) using Wistarderived rats (see "Animal Toxicology-Chronic
Toxicity").
In an oral study using Alpk:AP (Wistar-derived)
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rats, treatment with 1 g/kg EDTA on GD 7-16 did
not cause differences in the group mean weight
changes of the dams, number of viable litters,
mean litter size, number of live pups, percentage
survival of the pups, mean pup weights, and
mean percent weight gain per litter, compared to
treatment with physiological saline
(Wickramaratne, 1987).

resorptions was not increased significantly
compared to controls. Fewer young (20.5%) of
this group were malformed, compared to the
offspring of dams fed EDTA. When administered
s.c., the females were in shock and had
vocalizations that indicated pain, 24% died.
Maternal and fetal body weights were decreased
significantly. The incidence of malformations
was not significantly different from controls. For
all groups, the typical gross malformations
included cleft palate, umbilical hernia,
phocomelia, micrognathia, clubfoot, short curly
tail, meningocoele, and microphthalmia. Visceral
abnormalities included great vessel
abnormalities, interventricular septal defects,
small or missing lung lobes, missing thymus,
small kidneys with hydronephrosis and
hydroureter, and small, undifferentiated gonads
situated lateral to the kidneys. Skeletons of
deformed fetuses had extreme dysplasia,
including shortened, missing, or wavy ribs;
misaligned and fused centra; and anomalies
associated with external defects.

Gasset and Akaboshi (1977) investigated the
embryopathic effects of EDTA at the
concentrations used in ophthalmic drops.
Pregnant albino rabbits (four per group) were
treated with 0.1% and 3% EDTA, freshly
prepared from a 5% solution of Disodium EDTA.
Two drops of the test concentrations were
instilled into the conjunctival sac six times per
day from GD 6-18. The rabbits were killed on
day 29, and all fetuses were removed and
examined for external, skeletal, and microscopic
abnormalities. The rabbits of the low dose group
had 23 live fetuses and three dead, aborted, or
resorbed fetuses were also observed. The
rabbits of the high dose group had eight live
fetuses and 19 dead, aborted, or resorbed
fetuses were also observed. Neither group had
living, anomalous fetuses, and the percentages
of normal progeny were 89% and 30% for the
low and high dose groups, respectively. If the
test compound was fully absorbed by the ocular
tissue, the doses were 0.3-9 mg/day. The
investigators concluded that 0.1-3% EDTA was
nonteratogenic, but the larger dose had a
significant embryocidal effect.

Fetal resorptions were not reported after
pregnant Sprague-Dawley rats were fed 3%
Disodium EDTA from GD 3-13. In contrast,
another copper-chelating agent, disulfiram,
induced fetal resorptions when fed to the rats at
a concentration of 1% (Salgo and Oster, 1974).
Koshakji and Schulert (1973) studied the effects
of Disodium EDTA on pregnant Sprague-Dawley
rats. Day 0 of pregnancy was designated as the
day spermatozoa were detected in the female's
vagina and the presence of a copulatory plug
further confirmed pregnancy. On day 9 of
pregnancy, 380 mg/kg of Disodium EDTA was
administered subcutaneously to 10 rats. Marked
maternal body weight loss during the advanced
stages of pregnancy, as well as, loss of appetite,
complete relaxation, weakness, drowsiness,
muscular limpness, inactivity and accelerated
respiration rate occurred. Rats also had signs of
shock, pain and abnormal behavior during and
immediately after injection. While no maternal
loss or fetal malformations occurred after
treatment, administration of Disodium EDTA
produced much fetal resorption. Of 115
implantations, only 30 fetuses were born alive.
The mean fetus weight was not significantly
different from controls. Significantly increased
amounts of Zn, Fe and Mn were observed in the
urine when Disodium EDTA was administered on
day 9 of pregnancy. Significant decreases in the
maternal-fetal uptake of Zn, Fe and Mn occurred
6 h after 200 mg/kg Disodium EDTA was

The effect of the route of administration on
teratogenicity was evaluated by Kimmel (1977)
using pregnant CD rats. On GD 7-14, EDTA
was administered in the diet at doses of 954
mg/kg/day (3% of diet; 42 dams), by gastric
intubation at 625 or 750 mg/kg/day (twice daily;
22 and 8 dams), or subcutaneously at doses of
375 mg/kg (25 dams). Thirty-eight, 20, and 14
females served as untreated controls for the
three routes of administration, respectively. The
females were killed on GD 21, and only live
fetuses were examined for external, visceral,
and skeletal malformations. When rats were fed
EDTA, none of the dams died, but maternal
toxicity was severe. Marked maternal weight
loss, decreased feed consumption, and severe
diarrhea were reported. Seventy-one percent of
the offspring had malformations, and the
average fetal weight was decreased significantly.
Of the rats given EDTA i.p., 87.5% died after
dosing with 750 mg/kg/day, and 36% died after
dosing with 625 mg/kg/day. The number of
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administered to 4 16-day pregnant rats.
Significant decreases were observed in whole
blood, kidneys, liver, fetus, yolk sac, fetalplacental unit and urine at this time. The
investigators suggested that the teratogenic
activity attributed to Disodium EDTA could be a
result from metal chelation subsequently
resulting in metal suppression that deprived the
developing embryo of these minerals.

mostly negative results (Table 9).
EDTA more than doubled the frequency of
streptomycin-resistant and phage- producing
cells in B. megatherium 20t~. EDTA caused the
induction of bacteriophages in B. megatherium
20A and S. typhimurium, but not in lysogenJc
strains of E. coil or Corynebacterium diphtheriae
(Eisenstark and Kirchner, 1956; Northrop, 1968;
Kozak and Dobrzar~ski, 1970).

EDTA had a synergistic effect with gramicidin
(an antiviral and antibiotic) in inhibiting sperm
motility and cervical mucus penetration in vitro
(Bourinbaiar and Lee, t 995). At a concentration
of 0.1%, EDTA decreased the IC10o of gramicidin
from 4 ~g/ml to 10 ng/ml; the gramicidin/EDTA
combination was 100,000 times more potent
than a nonoxynol-9/EDTA combination in a
sperm penetration assay.

In studies using grasshopper germinal cells,
murine bone marrow and splenic cells, and
human lymphocytes, Disodium EDTA and EDTA
caused chromosomal breakage by the chelation
of divalent calcium and/or magnesium ions and
depleted heavy metal ions from the chromosome
(Basrur and Baker, 1963; Manna and Dos, 1971;
Saha and Chakrabarty, 1973; Saha, 1974).
Tetrasodium EDTA- and Disodium EDTAinduced cation deficiency did not cause
aberrations in Chinese hamster ovary cells or
murine germ cells, but the chelating agents had
effects on mitosis and meiosis (Thompson et al.,
1990; Russo and Levis, 1992).

ENHANCEMENT OF
TERATOGENICITY
Coadministration of calcium chelating agents
resulted in the enhancement of teratogenicity
induced by other chemicals (Wilk et al., 1978).
The teratogens chlorcyclizine and
norchlorocyclizine induced high incidences of
cleft palate and skeletal malformations in fetal
Sprague-Dawley rats; the chemicals competed
with calcium to bind tightly and reversibly to
embryonic glycosaminoglycens of cartilage. The
test compounds were absorbed onto small
pieces of Millipore filters, which were inserted
into the uterus onto the intact amniotic sac on
GD 15. The test concentrations did not result in
maternal toxicity and embryo survival was
greater than or equal to 60%. The dams were
killed on day 20 and the fetuses were examined
for cleft palate and skeletal abnormalities. The
coadministration of a chelating agent increased
both the frequency of malformations and the
retention of the teratogen (Table 8).

EDTA (10 -~ M) completely dispersed D.
melanogaster salivary chromosomes into
particles ~400 nm in length; chromosomes
treated with 0.1 M EDTA appeared normal, and
0.01 M EDTA had an intermediate effect (Mazia,
1954). When Kaufmann and McDonald (1957)
treated D. melanogaster chromosomes with up
to 10"1 M EDTA, dispersion was not observed.
Swelling of nuclei and lateral deformation of the
chromosomes were observed, however, after
treatment with 10.3 M for 2-24 h. Permanent
impairment of the integrity of the isolated
chromosome was not reported by Cole et al.
(1970), who measured the swellingcondensation properties after treatment with
5X10" M EDTA. Deformation

MUTAGENICITY
In a review of available genotoxicity studies,
Heindorff et al. (1983) classified EDTA as a
weak mutagen in microbial systems. EDTA and
its salts have been evaluated for the potential to
cause chromosomal aberrations, semi-lethals,
crossovers, forward mutations, replicative DNA
synthesis, DNA strand breaks, dominant lethals,
inhibition of metabolic cooperation and contact
feeding, and sister-chromatid exchanges with
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TABLE 8
ENHANCEMENT OF TERATOGENIClTY
(Wilk et al., 1978)
Test Compound(s)

Fetal
Survival/Sites
Implanted

Malformations in Surviving Embryos (%)
Cleft Palate

Malformed Limbs"

60 p.g norchiorocyclizine

63/79

5

O

60 pg norchlomcyelizine + 20 pg Na4EDTA

68/111

32b

12~

60 p,g norchlomcyclizine + 20 I~g Ca=EDTA

49/76

2

0

60 l~g chloreyclizine

66/88

0

0

60 ~g chlorcyclizine + 20 ~g Na,EDTA

60/94

7~

3

20 pg Na4EDTA

61/83

O

O

20 ~.g Ca2EDTA

50/62

0

0

O

O

Filter-control
150/188
"all fetuses with malformed limbs had cleft palate as well
b Ps0.gl compared to teratogen alone
¢ Ps0.g5 compared to teratogen alone

TABLE 9
G E N O T O X ! C l T Y OF E D T A A N D ITS S A L T S

COMPOUND
(DOSE, IF SPECIFIED)

EDTA

TEST SYSTEM
(TYPE OF ASSAY)

Bacillus megathedum 20t~
Eschedchia coil

RESULTS

+ (>2X T)

REFERENCES

Northrop,1968

(phage induction, streptomycin resistance)
semi~'le
EDTA (0.05 M)

EDTA
(10.1-30.4 mmol/I)

~

Mouse bone marrow cells

+ (T10:5%)

Manna& Das, 1971

Mouse spleen cells
(chromosomal aberrations)

+

Das & Manna, 1972

Mouse lymphoma cells
(alkaline DNA unwinding & hydroxyapatite
elution for DNA strand breaks)

(40.5-50.6 mmol/I)

Garberg et al., 1988
+
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TABLE 9 (Cont'd).
GENOTOXlClTY
OF EDTA AND ITS SALTS
COMPOUND
(DOSE, IFSPECIFIED)

EDTA (added to liquid
medium)

TES~ SYSTEM
(TYPE~FASSAY)

RESULTS

D. melanogaster
larvae
adults
(crossovers)

(crossovers/
Na3EDTA

Na3EDTA

+

Levine, 1955
Steffensen et al., 1956

-

~ e v ~ e ~ l ~ , ~

BALB/c-3T3 cells
(transformation assay )
T
(

~

REFERENCES

Matthews et al., 1993

~

~

es t~-~ti

i~

S. typhimufium TA97, TA98, TA100,
TA1535, TA1537, +# metabolic activation
(Ames test)

i~ED'F/~(60~-5000~l)il~5~l!7.8,Ydmouselly_~noma[cel]sl~,.. / -

Zeiger et al, 1988

"

-

MSGregor et al., 1988

Na=EDTA (500 mg/kg,
1000 mg/kg by gavage)

B6C3F~ Mice
(in vivo-in vitro replicetJve DNA synthesis &
mean cell viability)

Miyagawa et al., 1995

CaNazEDTA (0.01-0.8 M)

B. subtilis H17, M45
S. typhimurium TA1978, TA1538
(rec-assay)

Gentile et al., 1981

Na4EDTA (0.1-0.8 M)

B. subtilis H17, M45
(rac-assay)

Gentile et al., 1981

1'537

o "c

ation

•

Na2EDTA (186 mg/kg, i.p.)

BALB/c mouse germ cells
(chromosomal aberrations)

Russo and Levis, 1992

wate~ fo~ 5~d~'~s)

IbOne marrow micronucleus assay)

÷

Na2EDTA (10"= M, 0.020.03 ml, pH;.7.5 via
injection)

Male grasshopper, Spathostemum
prasiniferuro,
germinal cells
(chromosomal abe[rations)

weak +
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arasi~hamu
Saha & Chakrabarty, 1973
Saha, 1974

COMPOUND
(DOSE, IF SPECIFIED)
NazEDTA

TEST SYSTEM
(TYPE OF ASSAY)

RESULTS

Gesonula punctifronsgerminal ceils
(chromosomal aberrations)

REFERENCES
Ray-Chaudhuri, 1961
.

+

.

.

.

i
/

Chaudhry et al., 1988

Na=EDTA (10 ppm, added
to medium)

Mosquito, Anopheles stephens/Liston,
larvae salivary chromosomes
(chromosomal aberrations)

Na2EDTA (50, 500 p.M)

E. coil, HeLa, Ehdich ascites cells, +/metabolic activation
(DNA-cell-binding)

Kubinski at al., 1981

Na2EDTA (up to the toxic
dose)

Chinese hamster V79 cells, HGPRT+and
HGPRT"
(inhibition of metabolic cooperation/centact
feeding)

Umeda at al., 1980

Na2EDTA (0•2-1.0 mM)

Tradescantia-micronucleus; 15 plant
cuttings/group, 6 h exposure in Hoagland's
nutdent solution OR gaseous exposure for 6
h

Ma et al., 1984

K3EDTA (added to blood)

Human peripheral lymphocytes
(sister-chromatid exchanges)
(cell-cycle kinetics/growth)

Tucker & Chdstensen, 1987
+

In studies using Neurospora crassa and Zea
mays, certain areas of the chromosomes had
decreased crossover frequencies or absences of
modification; typically, however, the overall
recombination frequencies were concomitantly
increased (Steffensen et al., 1956; Prakash,
1963; Ladner, 1972; Ihrke and Kronstad, 1975;
Dishler, 1976). EDTA increased the crossover
frequency in the euchromatinic region of the
chromosome, where there was less spiralization
of the chromatids, rather than in the
heterochromatinic region (Sinkha, 1965)• The
position of EDTA-induced aberrations were nonrandom; most of the observed break-points were
found in the middle and distal regions of the
chromosome (Manna, 1971 ).

and swelling were reported, as well as other
cytological abnormalities (e.g., C-meiotic effects,
formation of anaphase and telophase bridges,
"sticky" chromatin) in studies using plant
chromosomes (Hyde, 1956; Kaufmann and
McDonald, 1957; McDonald and Kaufmann,
1957; Hyde and Paliwal, 1958). The increase of
meiotic crossovers induced by EDTA depended
upon the developmental stage of the test
organism, concentration of EDTA, and the
chromosome region tested. Conflicting data
were reported for studies using green algae and
higher plants (Heindorff et al. 1983). EDTA
increased the recombination frequency in female
D. melanogaster larvae (Levine, 1955;
Steffensen et al., 1956; Sinkha, 1965), but not in
adult females (Levine, 1955; Steffensen et al.,
1956). In a study by Sinkha (1965), the
recombination frequency did not increase when
the larvae were exposed to EDTA for the entire
developmental period or when 80-h-old larvae or
adults were treated. Disodium EDTA induced
aberrations in the salivary chromosomes of
Anopheles stephensi larvae (Chaudhry et al.,
1988); these aberrations included paracentric
heterozygous inversions, deletions, end an
unidentified complex aberration. In early
Drosophila larvae, the increase of crossing-over
frequency was dose dependent (Kaufmann et
al., 1957). Full induction occurred at
approximately one-half the maximal uptake
concentration of EDTA (Colwell and Burdick,
1959).

Mummery et al. (1984) screened EDTA for
induction of differentiation in mouse N 1 E-115
neuroblastoma cells. These investigators
reported EDTA as a non-teratogen giving
negative results. The toxic concentration and no
effect dose of EDTA were reported as 1 x 10.3 M
and 1 x 10"S M.
The effect of EDTA on mixed-function oxidase
activity was evaluated using the liver microsomal
assay (LMA) with $9. EDTA (0-40 mM) was
preincubated with $9 fractions from mice
induced with Acrolor 1254 (AC) and and sodium
pentabarbital (PB) plus [B-naphthoflavone (13-NF).
The maximum mean specific activity for
aminopyrine (APD) and p-nitroanisol O55

Drosophila was slightly less than the sum of the
agents' individual effects and that EDTA did not
induce sex-linked recessive lethals. In a study
by Sinkha (1965), the crossover frequency did
not differ for radiosensitive D. melanogaster
larvae exposed to EDTA, compared to controls.
Only radioresistant larvae had a significantly
increased recombination frequency compared to
controls with a comparatively small percentage
of spontaneous crossing over. The fertility index
in radiosensitive larvae was, however, reduced
compared to radioresistant larvae. Treatment
with both EDTA and the mutagens 1-methyl-2nitro-l-nitrosoguanidine and triethylenemelamine
did not increase the frequency of aberrations
(Gichner et al., 1963; Rieger et al., 1963). It was
concluded that EDTA was not an efficient
modifying agent with respect to point mutations
induced by irradiation or chemical mutagens
(Heindorff et al., 1983).

demethylase (pNAD) from AC induced mice
occurred at 5 mM EDTA and increased 29% and
43%, respectively. A significant inhibition of lipid
peroxidation (LP) occurred at 1 mM EDTA in the
LMA mixture, Similar results were obtained with
$9 fractions from PB + [~-NF induced mice. The
LMA was performed with the premutagen
cyclophosphamide (CP) using the D7 strain of S.
cerevisiae with and without EDTA. In the
presence of EDTA, significant increases occured
in the frequency of mitotic gene conversion,
mitotic crossing-over and point reverse mutation
induced by CP. These increases are observed
when the $9 fractions from PB ~- ~-NF and AC
induced mice are used (Paolini et al., 1988).

MODIFICATION OF
MUTAGENICITY
EDTA treatment before or during treatment with
y-rays, !3-rays, X-rays, and chemical mutagens
often increased the frequency of chromosome
aberrations in plant root tip meristems or seeds,
although negative results and protective effects
were also reported (Heindorff et al., 1983).
Calcium Disodium EDTA and other chelating
agents reduced the mutagenicity of Cr2032" in
rec-assays using B. subtilis, and S. typhimurium
(Gentile et al., 1981). EDTA had a synergistic
effect with radiation in the induction of dominant
[ethals in the female wasp (Habrebracon
juglandis) after the feeding of 0.09 M EDTA.
From Days 1-7, the incidence of eggs with at
least one dominant lethal was 3,4% (control),
26.7% (2500 r), 12.5% (EDTA), and 42.7%
(EDTA+2500 r). The significant increase in
mutations, compared to controls, was observed
up to the seventh day of treatment, after which
the effect was decreased (LaChance, 1959).
EDTA plus radiation and EDTA plus ethanol,
triethylenemelamine, maleic hydrazide, and the
mammary gland carcinogen N-methyi-Nnitrosourea increased the frequency of
aberrations in the meiotic cells of Tradescantia
and Vicia faba, respectively (Delone, 1958;
Michaelis et al., 1962; Michaelis and Rieger,
1965; 1968). Basrur and Baker (1963) reported
that the number of chromosomal aberrations
was increased significantly after irradiation with
X-rays (250 IV, 259 r), compared to treatment
with 10"4to 10 "3 M Sodium EDTA alone.

EFFECTS ON DNA
SYNTHESIS AND
REPAIR'
In a number of studies using mammalian test
systems, EDTA inhibited DNA synthesis.
Inhibition was observed in primary cultures of
rabbit adrenal cortex cells after the addition to
the medium of 5X10 ~ M for 60 h (Lieberman and
eve, 1962; Lieberman et al., 1963) or 1.5 ~M
EDTA for 4 h (Kishimoto and Lieberman, 1964).
Inhibition also occurred after infusion of 5X10 .2 M
EDTA for 22 h into partially hepatectomized rats
and the addition of EDTA to human, rat, and pig
phytohemagglutinin-stimulated lymphocytes and
neonatal rat ventricular cardiac myocytes (Alford,
1970; Chesters, 1972; Duncan and Dreosti,
1975; Kanemaru et al., 1992). Inhibition was not
noted in cell lines such as HeLa, L cells, or
several-day-old rabbit kidney cultures
(Lieberman and eve, 1962). In a study by
KrishnamurtJ et al. (1980), EDTA at a
concentration of 120 nm/mg Cell protein
(3.02X10 .6 M) caused a 10g-fold decrease of cell
numbers in Erhlich ascites cells, relative to
controls, and caused significant cell death. The
investigators noted that little EDTA accumulated
in the cells during either short- or long-term
incubations. As a result, EDTA (up to 3 mM)
had little, if any, effect on DNA synthesis or
thymidine uptake after incubation for 1 h. Zinc
ions were the only cations tested that reversed
the effect of the chelating agent, although

In other studies (Ond~ej, 1965; 1970), however,
the effect of EDTA plus X-ray irradiation on
56

and Johnson, 1971). Induction of PCC resulted
from the fusion of a mammalian cell in mitosis
with another in interphase. PCC was similar to
mitosis and was characterized by the
condensation of the chromatin of the interphase
nucleus into recognizable chromosomes and the
dissolution of the nuclear membrane; however,
no mitotic spindle was formed and the
chromosomes have no means of transportation
to the poles. In this study, the incidence of PCC
in binuclear was 39.4%, relative to the control,
after the addition of EDTA.

magnesium enhanced the effect of zinc
(Lieberman and Ove, 1962; Fujioka and
Lieberman, 1964).
Inhibition of intestinal DNA synthesis was
reported when Long Evans rats were infused i.v.
with 3-6 mmol/kg/day Calcium EDTA for 24 h
(Braide and Aronson, 1974; Rosenblatt and
Aronson, 1978). This effect was attributed to the
impairment of zinc uptake, as supplementation
with the metal protected completely against
inhibition and enhanced recovery in rats
previously treated with Calcium EDTA alone.
Another factor in DNA synthesis inhibition could
have been interference with cellular respiration
(see "General Biology-Effects on Mucosa"). The
mitotic index was similarly decreased when
Rosenblatt et al. (1978) treated (i.v.) rats with 6.0
mmol/kg/24 h. In this study, marked
morphological changes were also observed,
including shortening of the villi, reduced height of
the epithelium, and degeneration of the brush
border.

August strain male rats were given a single i.p.
injection of 250 mg/kg folic acid and 0.75
mmole/kg Disodium Calcium EDTA before, at
the same time or after the folic acid injection.
Each animal received an i.p. injection of 250
pCi/kg of 3H-thymidine. The animals were killed
26 h after the folate injection. There was a
control group and a group of animals that
received only folate. The treated groups had a
marked reduction in the rate of DNA synthesis in
the kidneys 26 h after folate treatment. However,
the rate of DNA synthesis in the intestinal
mucosa was not significantly altered (Taylor and
Jones, 1972).

The results of these studies suggested that the
inhibition of DNA synthesis occurred when
replication enzymes were impaired by the
chelating action of EDTA. The activities of DNA
polymerase and thymidine kinase were inhibited
in rabbit hepatocytes, but the activities of
dehydrogenases and adenosine deaminase
were not affected (Alford, 1970; Chesters, 1972;
Lieberman and Ove, 1962; Lieberman et al.,
1963; Duncan and Dreosti, 1975). The content
of diadenosine tetraphosphate decreased in
cells treated with EDTA. Zinc chloride stimulated
the synthesis of diadenosine tetraphosphate and
inhibited its hydrolase. Zinc was considered a
putative second messenger of mitogenic
induction, hence the observed reversal of DNA
synthesis inhibition by the cation (Grummt et al.,
1986).

CARClNOGENICIT
EDTA Salts
The carcinogenic potential of Trisodium EDTA
Trihydrate was assayed during a feeding study
using 28-day-old Fischer 344 rats and B6C3F 1
mice (NTP, 1977). In order to estimate the MTD,
five animals per species per sex per group were
fed 4640, 6800, 10,000, 14,700, or 21,600 ppm
over a period of seven weeks, followed by a
seven-day observation period. Matched control
groups were comprised of 20 animals per sex
per species.

EDTA can interfere with repair of irradiation- or
chemical mutagen-induced DNA lesions. The
investigators concluded that this interference
was due to the direct impairment of repair
enzymes or to the modification of chromatin
structure (i.e., preventing unwinding of
chromatin) such that the accessibility of lesions
to repair enzymes was decreased, or to a
combination of these two mechanisms (Heindorff
et al., 1983).

In this study, male rats fed 210,000 ppm and
female rats fed 214,700 ppm had soft stools,
which was considered a sign of compoundrelated toxicity. After the observation period, the
body weights of the treated rats (all doses) were
comparable to those of the matched controls.
No signs of organ toxicity were observed. Male
mice fed 21,600 ppm and females fed 26800
ppm had decreased body weights compared to
controls. One male mouse of the high dose
group died. No gross lesions were observed at
necropsy.

A concentration of 0.1% EDTA inhibited strongly
the induction of premature chromosome
condensation (PCC) in hybrid HeLa cells (Rao
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and DMSO increased the accumulation of
protoporphyrin IX in the skin and implanted
carcinomas compared to treatment with ALA
alone (Malik et al., 1995).

Based on these results, the low and high
concentrations for the chronic feeding study
were set at 3750 and 7500 ppm, respectively.
The experimental groups were comprised of 50
animals per sex per species, and the matched
control groups were comprised of 20 animals per
sex per species. The treated rats and mice were
fed Trisodium EDTA for 103 weeks, followed by
a one-week observation period. All animals
were observed twice daily for signs of toxicity; in
addition, they were weighed regularly and
palpated for masses at each weighing. Animals
appearing moribund were killed for necropsy and
collection of tissues for microscopic examination.

CLINICAL ASSESSMENT
OF SAFETY
Short-term Studies
When 130 children were treated with chelation
therapy (dimercaprol and Calcium Disodium
EDTA, 25 mg/kg every 12 hours for five days) for
asymptomatic lead poisoning, 16% of the
children had biochemical evidence of transient
nephrotoxicity and 3% had acute oliguric renal
failure (Moel and Kumar, 1982). Two patients
with hypercalcemia who received one or more
large doses (6-13.5 g over -1 h) of Disodium
EDTA had renal tubular vacuolization and
hydropic degeneration at microscopic
examination (Holland et al., 1953). In another
study using two hypercalcemic patients, two to
seven daily doses (2-6 g) of Disodium EDTA
resulted in engorgement of tubular cells with
eosinophilic granules and the presence of
hemorrhages (Dudley et al., 1955).
Studies with 1"C EDTA were performed in a
similar manner to studies with 14C
Diethylenetriamine Pentaacetic Acid (DTPA).
~4C DTPA, 10-15 mg with a ~4C activity of 15-20
IJC, was administered i.v. to 4 patients. Oral
doses of ~4C EDTA, either 3 mg with a ~4C
activity of 5-10 pC or 50 mg 14C EDTA with a ~4C
activity of 75-100 pC, were administered to 2
patients. The urinary excretion pattern for ~4C
EDTA was similar to that of ~4C DTPA. The
kidneys were the major route of excretion for ~4C
DTPA after i.v. injection. At the end of 24 h, 90100% of the dose of 14C DTPA was excreted in
the urine. Oral doses of ~4C DTPA passed
through the intestine and 95-100% of the dose
was recovered in the stool within 2-5 days. The
urinary excretion was < 8% in the 7 patients that
received ~4C DTPA orally. Results for ~4C EDTA
were similar, although it was administered orally
to 2 patients. Additionally, blood samples taken
from 1 h to 3 days after oral administration of ~4C
DTPA did not have any 14C activity. Similar
results were obtained for ~4C EDTA (Stevens et
al., 1962).

No compound-related signs of clinical toxicity
were noted. A variety of neoplasms occurred in
both treated and control groups of both species,
but were not considered related to the
administration of the test compound. The
investigators noted that the lack of appearance
of treatment-related neoplasms or other lesions
could not be attributed to early mortality, as the
survival rate was great for all groups. The
investigators concluded that Trisodium EDTA
was not carcinogenic to rats or mice under the
conditions of this study (NTP, 1977).
The elimination of intercellular communication
has been correlated to tumor promoting activity.
Umeda et al. (1980) investigated the ability of
various chemicals to cause inhibition of
metabolic cooperation. Wild-type (HGPR'I')
Chinese hamster V79 cells were grown in
contact with 6-thioguanine-resistant clones
(HGPRT'). If contact feeding was inhibited, the
resistant phenotype was expressed. Under the
conditions of this study, Disodium EDTA did not
inhibit metabolic cooperation.
EDTA can enhance 5-aminolevulinic acid (ALA)induced accumulation of protoporphyrin IX in
cells, possibly through the inhibition of
ferrochetalase activity and the decrease of heme
availability (Brooker et al., 1982; Hanania and
Malik, 1992; Malik et al., 1995). ALA, a
precursor of endogenous porphyrins in the heme
synthesis pathway, has been used in conjunction
with photoirradiation as a treatment for human
basal and squamous cell carcinomas. Female
BALB/c mice had C26 colon carcinomas
transplanted s.c. prior to 2-6 h treatment with
topical creams containing 20% ALA, 2% DMSO,
and 2% Disodium EDTA (volume=0.1 ml; shaved
skin site area=l cm2). Laser-induced
fluorescence analysis indicated that both EDTA

Chronic Studies
Meltzer et al. (1961) treated 81 subjects (normal
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or with cardiac arrhythmias) with 2000
consecutive infusions of Disodium EDTA over a
two-year period. The chelating agent was
administered as a 3 g dose and infused as e
0.5% solution in saline. The test solution was
injected over a 2 ½ to 3 h period on alternate
days, three days per week. After the first 20
injections, treatment was discontinued for 6-8
weeks. The procedure was then repeated until
2000 injections had been given. Four patients
died after receiving 60, 33, 22, and 8 infusions of
Disodium EDTA; at necropsy, no evidence of
nephrosis was observed. Hypotension,
hypocalcemia, burning at the injection site,
thrombophlebitis, and GI symptoms were
reported by the remaining subjects. The
investigators did not observe systemic reactions,
histamine-like reactions, anemia, dermatitis,
hyperglycemia (or glycosuria), or bone
decalcification.

Basketter et al (1997) investigated the irritancy
potential of Disodium EDTA using a 4-h patch
test. A mass of 0.2 g of the powder was applied
to the skin of the upper outer arm using a 25 mm
Plain Hill Top Chamber containing a moistened
Webril pad. To avoid the production of"high
reactions", the test material was applied
progressively from 15-30 min to 4 h. The
treatment sites were evaluated at 24, 48, and 72
h after patch removal for signs of irritancy and
graded using a four-point scale. The positive
control was 0.2 ml of 20% sodium dodecyl
sulfate. None of the 26 volunteers treated with
Disodium EDTA had irritation, compared to 21 of
the 26 volunteers treated with SDS.
Meynadier et al. (1982) investigated sensitivity to
EDTA 2% in vaseline in 465 individuals (235
men and 230 women) that "most often" suffered
from eczema. EDTA caused 1 positive patch
test reaction. No additional details were
available.

Disodium EDTA was administered i.v.
intermittently in 5 day courses over a 15 month
period to four patients with severe, non-calcific
acrosclerosis. Each patient received 0.5 g/30
Ibs body weight dissolved in 500 cc of 5%
glucose water and infused slowly over an hour.
The total dose ranged from 132-212 g. Side
effects were minimal and did not require
discontinuation of therapy. Eight patients with
progressive systemic sclerosis (PSS) served as
untreated histologic controls. Five patients
served as untreated chemical controls and skin
from the forearms of 11 individuals without
scleroderma were also chemically analyzed
(Keech et al., 1966).

Raymond and Gross (1969) patch-tested 50
subjects with 0.01-10% aqueous Calcium
Disodium EDTA (pH 4.6-4.8). The test group
included both normal volunteers and patients
with assorted dermatoses. The test sites were
covered with occlusive patches for 48 h and
were examined 30 min, 24 h, and 48 h after
patch removal. One normal volunteer and two
patients had positive reactions (Table 10), and
were subsequently tested with 0.1-1% EDTA in
petrolatum. For the two patients, second
challenge was performed "several weeks" after
the acute dermatitis subsided. Two of the three
subjects also cross-reacted with 0.01-10%
aqueous ethylenediamine and/or ophthalmic
drops containing 0.01-0.1% EDTA. The
investigators concluded that Calcium Disodium
EDTA was a weak sensitizer.

The four patients treated with Disodium EDTA
cooperated well and had subjective and
objective softening of the skin. At microscopic
examination, untreated cases of scleroderma
had severe changes. Three of the four patients
treated with Disodium EDTA had a return toward
normal in their skin. All EDTA cases had definite
softening of the skin clinically. Microscopically,
this was observed as increased vascularity,
return of fixed tissue cells and the loosening of
the collagen bundles in the dermis and the
stratum corneum of the epidermis. Normal
calcium values from the 11 donors were not
statistically significant from the scleroderma
average. The magnesium values for the normal
donors were 0.19 +/- 0.05 pg/mg dry tissue and
for the scleroderma group, 0.17 +/- 0.05 pg/mg
dry tissue.

Other investigators, however, have stated that
EDTA is not a contact sensitizer (Fisher, 1979;
Rietschel et aL, 1995). Fisher (1979) reported
that no positive reactions were observed when
EDTA was included in the North American
Contact Dermatitis Group's screening tray for
several years, and that EDTA did not cross-react
in 100 patients with ethylenediamine
hydrochloride sensitivity.
Data submitted by industry included a list of the
results of skin sensitization tests of products with
EDTA as an ingredient (Table 11). If a product
was tested more than once, the formula with the
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increases of the serum concentrations of IgG,
IgA, IgM, CD8+, and CD57+ cells. Worker 2 had
a significant increase of the serum concentration of IgD, and slight increases of the concentrations of IgG, IgA, and IgM. The concentrations of IgG and CD4+ cells increased
gradually in Workers 1 and 2, respectively (Sata
et al., 1997).

highest concentration of EDTA was reported.
The sensitization studies were completed using
a RIPT protocol using 100 subjects. Most ofthe
products were tested undiluted under occlusive
patch conditions (CTFA, 1998c).

Immunologic Effects
Two lead workers were injected i.v. with 20
mg/kg Calcium Disodium EDTA in 250 ml of 5%
glucose for 1 h/day, three days/week. Worker 1
was treated for 10 weeks, and Worker 2 was
treated for 6 weeks. Worker 1 had significant

Inhalation
Ten patients received a solution of Calcium
Disodium EDTA in an aerosol generated by a

TABLE 10
PATCH TEST RESULTS OF CALCIUM DISODlUM EDTA

(Raymond and Gross, 1969)
RESULTS

TEST COMPOUND

0.01% EDTA (aq.)

2+"

1% EDTA (aq.)

2+b; NT ¢

4+

.

.

0.1% EDTA (pet.)

.

.

1+

2+; NT

.

.

.

2+

.

" i

' 'IS

NT

NT; O

0

0.01% Ethylenediamine (aq.)

0

2+; NT

0

1% Ethylenediamine (aq.)

0

2+; NT

1+

Vislne (0.1% EDTA)

4+

NT; O

2+

""

i ~ ~'

= reactions observed 48 or 72 h after application: O,! no reactions or transient erythema; 1+, erythema; 2% erythema and edema;
3% erythema, papules, and small vesicles; 4+, gross vesiculation; NT, not tested
b during generalized eczematous reaction
= after recovery

Table 11
PRODUCTS CONTAINING DISODIIUM EDTA THAT DID NOT CAUSE SKIN SENSITIZATION
(CTFA, 1998C)

CONCENTRATION

PRODUCT

Maintain Shampoo

0.2

Retain Shampoo

0.1

60

PRODUCT

CONCENTRATION

!
Styling Gel

0.02

ClarifyingShampoo

0.2

Body Wash

0.2

i

1

'

Eye Make-Up Remover

0.2

Ceil Recovery

0.2

Night Moistudzing Factors

0.2

Satin Foundation

0.15

Face and Body Foundation

0.2

m

.

Vitamin and MineralCleansingMask-2

.

.

.

.

qi

0.2

Mascara

0.2
.

.

.

.

.

.

.

.

.

.

Drager aerosol unit. The patients had been
exposed to an atmospheric concentration of 0.6 1.25 mg lead oxide per m 3 while working in a
smelting plant. Five patients received 0.6 g
Calcium Disodium EDTA daily for 7 d and 2.4 g
Calcium Disodium EDTA on the ninth day(group
1). Five patients received four doses of 2.4 g
Calcium Disodium EDTA on alternate days
(group 2). The excretion of lead in group 1
increased as soon as inhalation therapy started,
dropped sharply when it was discontinued and
increased again when treatment resumed. In
group 2, the total lead excreted fell steadily and
remained at a constant low concentration for
three days after treatment stopped• urinary
coproporphyrin were reduced in both groups.
Blood lead concentrations were reduced by 20 to

45% from the original 0.1mg/100 ml during
treatment in both groups. Stippled cell counts
had some irregularity during the course of
treatment, but no other changes occurred in the
blood analyses. The investigators concluded
that individuals vary in the amount of EDTA they
absorb, but the value remains constant, between
10 and 30% o£the dose administered, for any
given individual. However, differences in the
excretion of lead between the groups were
observed. Group 1 received 6.6 g Calcium
Disodium EDTA and excreted an average of
21.6 mg lead, while group 2 received 9.6 g
Calcium Disodium EDTA and excreted 14.2 mg
lead. The investigators suggest that the
difference may be due to the different treatment
plans between the two groups (Petrovic et al.,
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1960).

continued to circulate in the blood at
concentrations of 1-5.5 mg% for 12-18 h and
was excreted in the urine for 24-30 h in the
amount of 14-73 mg. For individual patients, the
excretion of Calcium Disodium EDTA through
the kidneys ended after 33-40 h.

Five male lead workers aged 25-49 had been
working in a lead workshop for 3-13 years were
selected as subjects for an experiment on
intratracheal administration of Calcium Disodium
EDTA. The working environment of the five
subjects had mean values of 0.1 to 1.5
mg/lead/m 3 air. Clinical tests were performed on
the subjects 2 weeks before the experiment.
The ranges for the clinical analysis were as
follows: red blood cell (rbc) count (x 104 cm) =
434-479; hemoglobin (g/dl) = 14.5-17.0; stippled
cell count/10,000 rbc = 1-22; urine
coproporphyrin (mg/I) = 0.25-0.85; blood lead
(pg/100g) = 41.3-104.6, one subject had an
undetermined concentration of blood lead; and
urine lead (mg/I) = 0.151-0.288 (Horiuchi et al.,
1961).

The patients tolerated the Calcium Disodium
EDTA aerosol treatment well and gained a
beneficial therapeutic effect. The symptoms of
saturnism decreased or discontinued, liver size
returned to normal, and the body weight of the
patients increased. Hematological indices
improved as a decrease in granular basophilic
erythrocytes was observed as well as
reticulocytes returned to normal amounts,
hemoglobin returned to 80 units from 70 units,
and coproporphyrin concentrations in the urine
gradually decreased, especially during the days
immediately after terminating treatment. The
initial amount of lead in the urine was 50-140
pg/day and lead excretion increased sharply 2-3
days after treatment started and reached 70-360
pg. By days 4-6 lead excretion averaged 113 pg
and continued 2 days after the end of treatment.

Approximately 4 g of Calcium Disodium EDTA
was administered to each subject for 20 min at
lunchtime for 4 days. The size of the aerosol
particles administered were about 1 mircon in
diameter. A 20% solution of Calcium Disodium
EDTA (5-10 ml) was poured into the nebulizers.
The volume of lead excreted in the urine
increased soon after the administration of
Calcium Disodium EDTA and decreased when
inhalation was discontinued. Urinary
coproporphyrin excretion was markedly
decreased during the inhalation period. This
continued for at least 2 days after inhalation
treatment was discontinued. No ill-effects of
inhalation by this method were found during or
after the inhalation period.

Calcium Disodium EDTA was administered to 4
patients in aerosol form. The inhalation dose of
Calcium Disodium EDTA was 5 cm 3 of a 10-20%
solution 3 times daily. The inhalation procedure
was tolerated without pain and no changes in the
respiratory organs occurred, The inhalation
treatment period was followed by 2-3 day
pauses and the treatment ended with one or
more i.v. injections. The results of the treatment
were considered successful because the
porphyrin and "specular" lead in the blood
decreased (Teisinger and Srbova, 1956).

The effect of aerosolized Calcium Disodium
EDTA was studied in 60 workers exposed to
lead solder for 1 to 13 years. The patients had
mild to moderately severe lead intoxication with
lead excretion in the urine of up to 0.1-0.22 mg
daily. Treatment consisted of aerosol inhalation
of Calcium Disodium EDTA twice daily for 7-10
days. The dose was 5 ml of a 10% Calcium
Disodium EDTA solution so that the total
consumed during the treatment was 100 ml of a
10% solution (7-10 g). The finely dispersed
aerosol of Calcium Disodium EDTA contained
particles of 1.5 microns, only about 2% had a
larger diameter (Ashbel et al., 1965).

Teisinger and Srbova (1956) also described the
case of a 45 year old man who worked with lead
for 4 years. He had a hemoglobin of 88%, a
count of basophil stippled erythrocytes of
3700/million, porphyrin content in the urine of
0.90 mg/24 h, and "specular" lead in the blood of
0.114 mg%. The patient received an inhalation
treatment of a 10-20% solution of Calcium
Disodium EDTA 3 times daily in 5 ml aliquots.
The treatment was completed with an i.v.
injection of 1.5 g Calcium Disodium EDTA. The
basophil stippled erythrocytes decreased by
700/million, porphyrin decreased to normal
values and "specular" lead in the blood
decreased during the 19 day treatment. The

Calcium Disodium EDTA was detected in the
blood and urine within 0.5 h of inhalation,
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patient was released without complaints.

cells were found. The symptoms of renal
disturbance disappeared rapidly after treatment
with Calcium Disodium EDTA stopped. By the
fifth day, the urine was clear and the patient had
recovered (Foreman et al., 1956).

Miscellaneous Effects
The inhibitory effects of EDTA and other
chelating agents on nickel-induced
hypersensitivity were evaluated by Memon et al.
(1994). A barrier ointment comprised of 15%
EDTA (200 mg) in yellow soft paraffin was
applied to a 15.7% nickel coin. The ointment
inhibited completely the hypersensitivity in six of
17 nickel-sensitive subjects and inhibited
partially the responses in seven subjects.

A 78 year old woman with recurrent leg ulcers
was treated with a topical corticosteroid for mild
stasis dermatitis. A weeping dermatitis
developed which spread to her legs, arms and
face after applying the topical corticosteroid.
After the eruption settled, patch tests were
positive on two occasions to Sodium EDTA 1%
aq. and pet. (de Groot, 1986).

I.v. infusions of Disodium EDTA (average
dose=2.8 g; 10% in saline) induced
hypocalcemia in patients with cardiac
arrhythmias and caused the suppression of
ectopic beats. Dipotassium EDTA did not have
this effect.

Winder and Curtis (1960) treated 19 patients for
acrosclerosis with i.v. Disodium EDTA given
over a 4-6 h period. A majority of the patients
received 2.5-3.0 g of Disodium EDTA in 500 cc
5% dextrose and water for 15 days. The doses
were adjusted for children. Objective
improvement occurred in 7/19 patients, 4 were
questionably improved and 8/19 did not improve.
Improvement was subjectively determined as
healing of gangrenous ulcers, increased joint
mobility, decreased pain, softer and more pliable
sclerodermatous areas and decreased
dysphagia. One patient developed renal
irritation characterized by albuminuria and
granular casts which cleared up completely
when the drug was discontinued. This was the
only patient that received the dose of Disodium
EDTA over a 2.5 h period.

Anghileri (1969)found that increasing
concentrations of EDTA increases its binding per
mg of albumin. This binding action increases as
the pH values increase from 5.1 to 8.2 and the [3globulin fraction binds more EDTA than other
plasma proteins.

Case Repots
A 48 year old woman with dermatomyositis
improved when given i.v. 2 g of Sodium EDTA
dissolved in 500 ml of 5% glucose water over a
period of 4 h once daily for six days. She was
treated with corticotropin and hydrocortisone at
the same time. A year later her sympotms had
returned and another course of Sodium EDTA
improved her symptoms (Pollock, 1959).

A 47 year old woman had skin erruptions on the
face for one year. Physical findings also
included elevated skin lesions of the face
measuring 0.5 cm x 1.5 cm with a violaceous-tobrown color and irregular borders. Diascopic
pressure resulted in a brown-to-apple jelly color.
Microscopic examination confirmed the
diagnosis of sarcoidosis. She was treated with 3
g of Disodium EDTA i.v. over a 4 h period for 5
days. A 2 day nontreatment period followed and
the treatment was repeated until 46 g had been
given. The skin lesions started to flatten within
11 days after starting therapy. At microscopic
examination after 15 days of treatment lesions
included fuzzy, poorly defined epithiloid cells,
ragged Langhan's cells and persistence of
lymphocytes. The Disodium EDTA treatment
was repeated two months later and further
improvement was noted (Johnson, 1960).

A 40 year old woman exposed to plutonium was
given 2.5 g of Calcium Disodium EDTA in 250 cc
of saline solution i.v. twice daily for 4 days.
Following a 2 day non-treatment period, the
treatment was repeated for 12 consecutive days.
On the 1 lth day of treatment the patient
complained of mental dullness, lassitude,
nausea, nasal stuffiness, and lower back pain.
By day 12, the symptoms became intensified
and the patient also complained of nocturia and
frequency, urgency and burning on urination. At
this point, therapy with Calcium Disodium EDTA
was discontinued. At urinalysis a 2+ albumin,
numerous renal parenchymal cells, many fine,
granular casts, and some red and white blood
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and dog.

SUMMARY

In all available toxicology studies (rodent and
non-rodent species), the lowest dose reported to
the FDA that caused toxicological effects was
750 mg/kg/day of either Tetrasodium EDTA,
Calcium Disodium EDTA, or Disodium EDTA.
The acute LD~ in April 16, 1999 female rats after
i.p. dosing for EDTA and HEDTA was 512.9
mglkg and 645.'L mg/kg, respectively. The acute
oral LDs0 of Disodium EDTA was -3.7 mg/kg in
male and female rats. Mice dosed i.p. with
Tetrasodium EDTA, Dipotassium EDTA, Calcium
EDTA and Disodium EDTA had LD50 values of
350 mg/kg, 450 mg/kg, 500 mg/kg and 400
mg/kg, respectively. In rats the LD50 value has
been reported as 7 mg/kg. Retransfusion with
4.5% isotonic Disodium EDTA at e rate of 10
mI/kg/min in dogs resulted in five of seven dogs
dying as a result of increased venous pressure.
In a 30 day study the i.p. LDs0 in female rats was
3850 mg/kg for Calcium Disodium EDTA. A
single dose of 1 or 2.5 g/kg or daily i.p. injections
of this edetate at 500 mg/kg for 21 days also
resulted in mild to severe microscopic changes
in the kidneys. Many studies have confirmed the
nephrotoxicity of EDTA. Some studies have
demonstrated toxic effects, such as increased
permeability and severe congestion and
hemorrhage, occurred in the intestine. A shortterm toxicity study fed Trisodium EDTA
Trihydrate to rats and determined that male rats
fed 210,000 ppm and female rats fed z 14,700
ppm has soft stools, a sign of compound related
toxicity. No signs of organ toxicity or gross
pathologic changes were observed. Rats
treated for 21 days with Calcium Disodium EDTA
died of nephrosis. Administration of EDTA in
drinking water to mice at a concentration of 3.4
mM caused changes in the mineral content of
certain tissues. Eighty rats fed 5.0% and 10.0%
Disodium EDTA for 13 weeks had significantly
decreased feed consumption and body weight
gain compared to controls. Rats of the high
dose group also had slightly pale livers at
necropsy. No other signs of toxicity were
observed. Daily i.p. injections for six months of
0.8-1 ml of 6% Disodium EDTA in guinea pigs
resulted in animals dying of either rupture of the
ventricular wall or of right ventricular failure. In
several studies rabbits, rats, and dogs were fed
Calcium EDTA (high dose 250 mg/kg), Disodium
EDTA (high dose 5.0%) and Calcium Disodium
EDTA (high doses 250 mg/kg/day and 1.0%) No

Ethylenediamine Tetraacetic Acid (EDTA) and its
salts are substituted diamines, Hydroxyethyl
Ethylenediamine Triacatic Acid (HEDTA) and its
salt, Trisedium HEDTA, are substituted amines.
EDTA, HEDTA, and their salts function as
chelating agents in cosmetics. As of January
1998, Calcium Disodium EDTA, Diammenium
EDTA, TEA-EDTA, and HEDTA were not
reported used. The remaining ingredients were
used in e total of 4168 cosmetic formulations.
Data submitted to the FDA in 1984 indicated
typical use of EDTA and Tetrasodium EDTA at
~1% (with one use each at 25%), Di- and
Trisodium EDTA at ~1% and ~0.1%,
respectively (with a high use up to 5%), and
Trisodium HEDTA at ~ 1% (with one use at 10%).
Dipotassium EDTA and Tripotassium EDTA
were used at unknown concentrations. Current
concentration of use indicated typical use of
EDTA at ~ 2%, Disodium EDTA and Trisodium
HEDTA at ~ 0.5%, Tetrasodium EDTA at ~ 0.3%
and Trisodium EDTA at ~ 0.2%.
Human and rat studies reported that Calcium
Disodium EDTA and Disodium EDTA were
poorly absorbed via oral routes of administration.
A study that dosed human males both i.v. and
i.m. determined that a majority of the dose of
EDTA was excreted entirely through the kidneys
by glomerular filtration and tubular excretion.
Rats dosed i.v., i.m. and i.p. with Calcium C ~4
EDTA elmininated a majority of the chelate in
their urine. Most of the chelate was eliminated
through the feces after oral administration. A
clinical study using male subjects reported
almost no absorption of Calcium Disodium EDTA
following dermal exposure. EDTA and the
edetates can enhance penetration of some other
chemicals/substances. Skin irritation and
sensitization tests with guinea pigs using Di- and
Trisodium EDTA at 0.2 ml and 0.1 ml of a 10%
solution, respectively, did not cause any allergic
reactions or sensitization.
Under specific in vitro conditions, EDTA and its
edetates were cytotoxic to various cell lines.
Exposure to EDTA and its edetates over time in
rabbits and rats induced morphologic changes in
the intestine and inhibited DNA synthesis in the
rat intestine. EDTA and its edetates also
demonstrated toxicity to the urothelium of the rat
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gross or microscopic abnormalities were
observed.

Trisodium EDTA Trihydrate was not
carcinogenic to rats or mice fed 7500 ppm for
103 weeks. Disodium EDTA does not inhibit
metabolic cooperation. Treatment of 130
children with Calcium Disodium EDTA resulted in
biochemical evidence of transient nephrotoxicity
and acute oliguric renal failure.

Rats dosed with Disodium EDTA on normal,
abraded and abraded and dipilated skin had
concentrations of this chelate present in the liver,
small intestine, large intestine and kidney.
Various ocular studies have demonstrated that
EDTA is both irritating and non-irritating. Other
ocular studies have shown that EDTA both
increased and decreased the cytoxicity of other
compounds. Calcium EDTA had no effect on the
wound healing or breaking strength of skin from
rats in short-term studies.

In acute clinical studies, the major route of
excretion was the kidneys and intestine after i.v.
and oral administration of EDTA. Exposure to
0.2 g of Disodium EDTA for 4 hours in a human
patch test did not produce any signs of reactivity.
In various studies, Calcium Disodium EDTA
demonstrated either no contact sensitization or
weak sensitization. Products that contained
Disodium EDTA did not produce sensitization in
an RIPT at concentrations of 0.02-0.2%.
Calcium Disodium EDTA injected i.v. at 20
mg/kg for 6 and 10 weeks significantly increased
serum concentrations of immunoglobulins.

Pregnant rats fed 3% Disodium EDTA at various
stages of gestation demonstrated gross
malformations when supplemented with 100 ppm
zinc as opposed to 1000 ppm zinc. Maternal
and fetal toxicity were not observed with
ZnEDTA (dosed at 8 and 20 mmol/m2/day) or
ZnCaEDTA (8 mmol/m2/day). EDTA
administered by gavage and in feed to rats on
GD 7-14 at 1000 mg/kg/day and 1250
mg/kg/day, respectively, caused maternal
toxicity and malformations in the offspring. In
mice, however, offspring of dams treated with
1000 mg/kg/day EDTA orally on GD 8-12
demonstrated no malformations. It has been
suggested that the zinc deficiency produced by
EDTA resulted in teratogenic effects. Treatment
of rabbits with a 3% EDTA ophthalmic drop
solution resulted in a significant embryocidal
effect. Coadministration of Tetrasodium EDTA
and Dicalcium EDTA with the teratogens
norchlorcyclizine and chlorcyclizine increased
the incidence of malformations present in
offspring compared to the teratogen alone.
Disodium EDTA (380 mg/kg) caused a
significant number of resorptions in pregnant
rats.

Administration of Calcium Disodium EDTA to
patients in an aerosol form produced no illeffects during and after treatment as the therapy
was well tolerated with no changes in the
respiratory organs observed. Absorption was
determined to be 10-30% of the dose and
stippled cell counts were somewhat irregular,
however no other changes occurred in the blood
analysis as a result of Calcium Disodium EDTA
inhalation.

DISCUSSION
The CIR Expert Panel recognized that oral
exposures to EDTA produced reproductive/
developmental toxicity in test animals. Dermal
exposures to EDTA in cosmetic products,
however, would result in very little EDTA
penetrating the skin, resulting in systemic levels
well below those shown to produce adverse
effects in the oral dosing studies. The CIR
Expert Panel was concerned, however, about
EDTA in cosmetic formulations that may be
inhaled and absorbed through lung tissue in
sufficient amounts to produce adverse systemic
effects. An exposure assessment was done
assuming the maximum reported concentration
of EDTA in any cosmetic formulation, 25%.
Measurements of the amount of an aerosolized
cosmetic formulation available within an
individual's personal breathing space

EDTA is classified as a weak mutagen in
microbial systems. In a variety of studies using
bacteria, mammalian cell lines, and mammals
EDTA and its salts gave both positive and
negative results. Irradiation of cells prior to
exposure to EDTA produced both an increase
and a decrease in chromosomal aberrations. In
a number ofstudies using mammalian test
systems, EDTA inhibited DNA synthesis.
However, in a number of cell lines inhibition was
not observed.
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phytohemagglutinin-induced transformation of human
pedpheral blood lymphocytes. J/mmuno1104:698-703.

demonstrated a maximum concentration of 62
mg/m 3 (Mokler, 1976; Elder, 1983). If a 60 kg
individual inhaled 0.5 L of air with the
aerosolized cosmetic formulation at the
maximum measured concentration that contains
EDTA at the maximum concentration of 25%,
then the dose of EDTA via inhalation of an
aerosolized product would be 1.24 x 10"~ mg/kg.
This systemic dose is below that which produced
reproductive/developmentaltoxicity. Based on
this assessment, the Expert Panel is not
concerned about adverse effects of EDTA and
its salts in aerosolized formulations.

Altman J, Wakim KG, Winkelmann RK. (1962) Effects of
edathamil disodium on the kidney. J Invest Dermat
38:215-18.
Anghiled LJ. (1968) The binding of EDTA to human serum
albumin. Naturwissenschal~en 4:182.
Anghiled LJ. (1969) Interaction of
ethylenediaminetetraacetic acid with plasma proteins. I.
The binding of ~4C-EDTAto plasma proteins./ntJ C/in
Pharmacol 2:150-53.
Apgar J. (1977) Use of EDTA to produce zinc deficiency in
the pregnant rat. J Nutr 107:539-45.

The Expert Panel recognized that EDTA and its
salts are penetration enhancers of certain
compounds because they chelate calcium and,
therefore, disrupt intercellular bridging.
Formulators should be aware of this when
combining these ingredients with those
ingredients that have been previously
determined to be safe primarily because they
were not significantly absorbed.

Aronson AL, Ahrens FA. (1971) The mechanism of renal
transport and excretion of ethylenediaminetetraacotate
with interspecies compadsons. Tox Appl Pharmaco118:19.
Aronson AL, Rogerson KM. (1972) Effect of calcium and
chromium chelates of ethy[enediaminetetraacetate on
intestinal permeability and collagen metabolism in the rat.
Tox App/Pharm 21:440-53.

CONCLUSION
On the basis of the information included in this
report, the CIR Expert Panel concludes that
EDTA, Calcium Disodium EDTA, Diammonium
EDTA, Dipotassium EDTA, Disodium EDTA,
TEA-EDTA, Tetrasodium EDTA, Tripotassium
EDTA, Trisodium EDTA, HEDTA and Trisodium
EDTA are safe as used in cosmetic formulations.
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