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Abstract
Chelation therapy is thought to not only remove contaminating 
metals but also to decrease free radical production. However, 
in standard ethylene diamine tetraacetic acid (EDTA) chelation 
therapy, high doses of vitamin C with potential pro-oxidant 
effects are often added to the chelation solution. The authors 
demonstrated previously that the intravenous administration 
of the standard chelation cocktail, containing high amounts of 
vitamin C, resulted in an acute transitory pro-oxidant burst that 
should be avoided in the treatment of pathologies at risk of 
increased oxidative stress such as diabetes and cardiovascular 
disease. The current study was designed to determine the 
acute and chronic biochemical effects of chelation therapy 
on accepted clinical, antioxidant variables. An EDTA chelation 
cocktail not containing ascorbic acid was administered to six 
adult patients for five weeks (10 sessions of chelation therapy); 
antioxidant indicators were monitored. Immediately after the 
initial chelation session, in contrast with the data previously 
reported with the standard cocktail containing high doses of 
vitamin C, none of the oxidative stress markers were adversely 
modified. After five weeks, plasma peroxide levels, monitored 
by malondialdehyde, decreased by 20 percent, and DNA 
damage, monitored by formamidopyrimidine-DNA glycosylase 
(Fpg) sensitive sites, decreased by 22 percent. Remaining 
antioxidant-related variables did not change. In summary, this 
study demonstrates that multiple sessions of EDTA chelation 
therapy in combination with vitamins and minerals, but without 
added ascorbic acid, decreases oxidative stress. These results 
should be beneficial in the treatment of diseases associated with 
increased oxidative stress such as diabetes and cardiovascular 
diseases.
(Altern Med Rev 2009;14(1):56-61)

Introduction
Antioxidants that decrease cardiovascular risk 

factors and improve endothelial function1 are recom-
mended to prevent and treat cardiovascular disease 
(CVD) and diabetes.2,3 Ethylene diamine tetraacetic 
acid (EDTA) chelation therapy, in combination with 
vitamins and minerals, is proposed to have antioxidant 
properties4 and considered to be a complementary ther-
apy for patients with coronary artery disease.5 However, 
this claim is controversial.6,7 A recent review evaluating 
EDTA chelation therapy in treating cardiovascular dis-
eases did not support the evidence of beneficial effects.8 
No clinical trials with a large enough study group have 
been completed to provide sufficient statistical power to 
determine the clinical effectiveness of EDTA chelation 
therapy.

EDTA might act to prevent metal-induced 
free radical production, but the direct in vivo effects of 
EDTA chelation therapy on oxidative stress markers 
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have not been documented. In a previous study,9 the 
authors demonstrated transitory pro-oxidant effects of 
sodium ascorbate (5 g, the amount often administered 
during chelation therapy).10 Those results strongly sug-
gest caution in administering ascorbic acid in EDTA 
chelation therapy for patients at high risk of increased 
oxidative stress.

The objective of the present study was to mod-
ify the composition of the standard EDTA chelation 
therapy cocktail and investigate its effectiveness in re-
ducing oxidative variables in patients undergoing chela-
tion therapy. The primary markers for lipids, proteins, 
and DNA oxidative damage and antioxidant enzyme 
activities were measured before and after one session 
and before and after 10 sessions (5 weeks) in patients 
receiving an EDTA cocktail without added ascorbic 
acid. This study was not designed to test the curative 
effects of chelation therapy but to determine the bio-
chemical effects on antioxidant variables, since the pre-
vious study9 demonstrated pro-oxidant effects when 
high amounts of vitamin C were added to the chelation 
cocktail. Previous studies also document the effects of 
chelation therapy on metal losses.11-13

Materials and Methods
Patients 

Six patients, four women ranging in age from 
50-76 and two men ages 56 and 57, participated in this 
study. The study was approved by the Clinic Human 
Studies Review Board, Wisconsin Dells, WI. Patients 
signed an informed consent form and were not reim-
bursed for participation. Data are available to the pa-
tients upon request.

Chelation 
The EDTA cocktail contained the following: 

EDTA 3 g, 2,500 units heparin, 3 mL 2% procaine, 
100 mg pyridoxine HCL, 4 meq KCL, 7 mL Mg sul-
fate (equal to 686 mg elemental magnesium), 1 mL B-
complex vitamins, and 1 mL sodium bicarbonate. The 
intravenous infusion in sterile water was given in an arm 
vein over a two-hour period.14 The dose of EDTA was 3 
g since all patients had good kidney function.

Blood Sampling 
Blood samples were collected from the antecu-

bital vein before and after a two-hour chelation treat-
ment at the beginning and end of the study (5 weeks, 10 
sessions). Blood was collected in heparinized tubes pro-
tected from light and centrifuged at room temperature 
for 10 minutes at 3,000 g. Plasma and erythrocyte pel-
lets were immediately isolated, aliquoted, and stored at 
-80° C and analyzed within six months. For glutathione 
(GSH) measurements, within 20 min of venipuncture, 
400 µL whole blood was added to 3,600 µL aqueous 
solution of metaphosphoric acid (6% w/v). The mix-
ture was centrifuged for 10 minutes at 4° C. The acidic 
protein-free supernatant fractions were stored at -80° 
C until analyses. For the comet assay and DNA dam-
age determinations,15 500 µL of blood was stabilized 
with 500 µL of a 20/80 (v/v) mixture of dimethylsulf-
oxide (DMSO) and RPMI 1640 cell culture medium. 
 Aliquots of this mixture were progressively frozen to 
-80° C by use of cryopreservation vessels (Bicell, Fisher 
Bioblock Scientific; Lyon, France) in dry ice overnight. 
After one night, samples were transferred from the cryo-
preservation vessels to storage at -80° C until analyses 
within four months.

Biological Variables 
Erythrocyte Antioxidant Metalloenzymes

Erythrocyte Cu-Zn superoxide dismutase 
(SOD) activity was measured after hemoglobin precipi-
tation by monitoring the auto-oxidation of pyrogallol 
by the method of Marklund and Marklund.16 Eryth-
rocyte glutathione peroxidase (GSH-Px) activity was 
evaluated by the modified method of Gunzler et al17 us-
ing tertbutyl hydroperoxide (Sigma Chemical Co., Via 
Coger; Paris, France) as a substrate instead of hydro-
gen peroxide. Results are expressed as µmoles of nico-
tinamide adenine dinucleotide phosphate (NADPH) 
(Boehringer-Mannheim, Germany) oxidized per min-
ute per g hemoglobin.

Erythrocyte catalase activity was determined as 
described by Beers and Sizer18 following the decompo-
sition of hydrogen peroxide by catalase at 240 nm. The 
reaction rate was related to the amount of catalase pres-
ent in the mixture. Enzymatic activity was expressed as 
international units per g of hemoglobin (U/g Hb).
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Protein Oxidation 
Total glutathione (GSHt) was determined ac-

cording to the method of Akerboom and Sies19 using 
enzymatic cycling of GSH by means of NADPH and 
glutathione reductase coupled with 5,5’-dithiobis-2-ni-
trobenzoic acid (DTNB). To assay oxidized glutathione 
(GSSG), GSH was masked by adding 10 µL of 2-vinyl-
pyridine to 500 µL deproteinized extract adjusted to 
pH 6 with triethanolamine.

Plasma thiol groups were assayed as described 
by Faure and Lafond.20 The calibration was obtained 
from a stock solution of 100 mM N-acetylcysteine 
in the range of 0.125-1.0 mM. Standards and plasma 
samples diluted into 0.05 M phosphate buffer, EDTA 
1mM, pH 8, and DTNB, 2.5 mM, and absorbance 
measured at 412 nm.

Lipid Oxidation
Plasma malondialdehyde (MDA) concentra-

tions were assessed using high-performance liquid 
chromatography (HPLC) as previously described by 
Richard et al.21

DNA Damage
The evaluation of DNA damage was achieved 

by the comet assay (single-cell gel electrophoresis) on 
total blood following the method of Singh et al,22 modi-
fied by Hininger et al.15 Results were expressed as tail 
moment (TEM). Three samples per subject were as-
sayed implicating 50 cells/sample. The mean of these 
three determinations was calculated for each subject.

The Escherichia coli formamidopyrimidine-
DNA glycosylase (Fpg) was used separately to convert 
oxidized base into single strand break as previously de-
scribed by Pouget et al.23 E. coli Fpg was provided by 
Dr. Serge Boiteux (CEA/Fontenay-aux Roses, France). 
Analyses were performed using an epifluorescence mi-
croscope (Zeiss, microscope division; Oberkochen, 
Germany).

Statistical Analysis
Data are expressed as means ± SD. Individual 

means comparison were identified using Student’s t-test 
(Statistica Program, Statistical Software; Paris, France). 
Statistical significance was set at p<0.05.

Results
No acute effects of chelation therapy were ob-

served at the beginning and end of the study for the 
variables tested (Table 1). Chelation therapy for five 
weeks led to a 20-percent decrease in plasma MDA lev-
els (p<0.02). Fpg-sensitive sites in DNA decreased 22 
percent in the treated patients, indicating a lower level 
of oxidized DNA bases (8-OHdG) after treatment. 
Improvements in other measures of antioxidant status 
were not statistically significant.

Discussion
EDTA chelation therapy is often used as a form 

of alternative medicine in the treatment of cardiovascu-
lar diseases and diabetes. This treatment aims to remove 
heavy metals, to reduce metal-induced free radical pro-
duction, and to control oxidative complications. How-
ever, there is not strong evidence of in vivo antioxidant 
effects due to EDTA chelation therapy. In a previous 
study, the authors reported long-term beneficial effects 
of EDTA chelation therapy on MDA plasma levels as 
markers of lipid peroxidation, which were decreased af-
ter five weeks of standard treatment, but no improve-
ment in other markers of oxidative stress.9 Moreover, 
the study demonstrated the adjuvant supplementation 
with megadoses of ascorbic acid (5 g) in patients un-
dergoing standard EDTA chelation therapy resulted in 
marked transitory free radical generation and oxidative 
damage at the end of each session of chelation therapy. 
These data strongly suggest that, for patients at high 
risk of increased oxidative stress, the composition of the 
standard chelation therapy cocktail should be modified 
to remove high doses of vitamin C.

In this study, pro-oxidant effects of the modi-
fied cocktail were not observed following chelation ses-
sions. This result indicates that high doses of vitamin C 
were involved in the pro-oxidant effects reported previ-
ously using the standard chelation therapy cocktail. In 
this study, none of the markers measured indicated in-
creased oxidative stress.

In the present study, markers of oxidative stress 
as percent of Fpg-sensitive sites and plasma MDA im-
proved at the end of the treatment. This demonstrates 
a long-term antioxidant impact on important targets of 
free radical attack, including DNA, glutathione, and lip-
ids, since increased Fpg-sensitive sites, higher MDA, and 
decreased total blood glutathione have been reported to 
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most common biomarker for oxidative DNA damage. 
Fpg-sensitive sites are described as more sensitive mark-
ers of DNA damage than the comet assay.25 Further-
more, a positive correlation between 8-OHdG analysis 
by HPLC-EC and comet assay indicates the modified 
comet assay using Fpg appears to be an appropriate tool 
to estimate oxidative DNA damage.23 The data from 
this study are predictive of long-term protective effects 
of EDTA chelation treatment against DNA oxidation.

correlate with free radical production.24 In this study, im-
provements in glutathione were not significant.

To monitor changes in DNA, the comet assay 
was used in combination with the repair-specific enzyme 
Fpg protein as a sensitive biomarker to assess oxidative 
DNA damage.24 After EDTA chelation treatment there 
was a significant decrease (22%) in Fpg-sensitive sites in 
DNA, indicating a lower number of oxidized bases as 
8-OHdG, which is the main substrate of Fpg and the 

Table 1. Effects of Standard EDTA Chelation Therapy on Oxidative Stress Markers and Antioxidant 
Enzyme Activities after Five Weeks

 Parameters Before After 1 session Before 10th session  After 10 sessions

Plasma MDA, 2.54 ± 0.44a 2.20 ± 0.42a 2.08 ± 0.23b 2.02 ± 0.26b

 (µmol/L) 

 Plasma SH*,  5.98 ± 0.56 6.02 ± 0.61 6.44 ± 1.94 6.02 ± 1.65
 (µmol/g protein)

 Blood GSHt, 986 ± 121 1016 ± 143 1073 ± 93 1195 ± 310
 (µmol/L)

 Blood GSSG, 57.20 ± 38.95 54.83 ± 36.64 56.33 ± 32.03 53.67 ± 29.37
 (µmol/L)

 RBC GSH-Px, 57.18 ± 13.32 57.43 ± 12.22 57.70 ± 13.62 58.22 ± 13.56
 (U/g Hb)

 RBC SOD, 1.31 ± 0.12 1.30 ± 0.11 1.30 ± 0.10 1.28 ± 0.09
 (U/mg Hb)

 RBC catalase 229.60 ± 26.34 236.88 ± 27.66 215.80 ± 35.91 233.90 ± 28.55
 (U/g Hb)

 Comet, TEM1 3.05 ± 0.24 2.91 ± 0.29 3.29 ± 0.24 3.17 ± 0.15

 % ∆ Fpg 62.25 ± 18.45a 46.55 ± 18.90a 47.78 ± 3.30b 43.38 ± 13.88b
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GSH/GSSG ratio is considered to be the most 
important redox couple that determines the antioxidant 
capacity of cells.26 A decreased GSH level might be a 
contributory factor for enhanced oxidative DNA dam-
age since, in patients with type 2 diabetes, Fpg-sensi-
tive sites were reported to be correlated with GSH.27 
In this study, EDTA chelation treatment resulted in an 
enhanced GSH/GSSG ratio, suggesting strong anti-
oxidant effects and a predictive benefit for patients with 
type 2 diabetes.

EDTA chelation therapy also resulted in pro-
tective effects against lipid oxidation, monitored by 
lowered plasma MDA levels (p<0.02). For patients 
suffering from cardiovascular diseases and diabetes, de-
creasing lipid peroxidation is essential to avoid oxidative 
damage of the arterial walls and oxidative complications 
such as retinopathies or glomerulopathies.12

There were no changes in RBC antioxidant 
GSH-Px and SOD activities induced by the chela-
tion treatments. These data rule out potential deleteri-
ous effects of chelation on metalloenzymes related to 
increased losses of selenium, zinc, and copper during 
EDTA chelation treatment.28 Similarly, the iron-de-
pendent antioxidant activity of RBC catalase was not 
altered, indicating the enzyme is not iron-depleted due 
to the chelation treatment.

It is not possible to determine the antioxidant 
involvement of each component of the chelation cock-
tail. B vitamins combined with EDTA chelation have 
been reported to be involved in nitric oxide-related 
endothelial vasodilator function.29 In addition to the 
antioxidant effects of EDTA through the chelation of 
metals, the absence of high doses of vitamin C in the 
chelation cocktail seems essential to avoid a Fenton re-
action, which would lead to the generation of hydroxyl 
radicals.

The benefits or harmful effects of high doses 
of ascorbic acid in chelation therapy may be related to 
individual patient pathology. High doses of vitamin C 
have been reported to be beneficial in cancers,30 effects 
that could be related to the pro-oxidant and apoptotic 
effects of vitamin C.31 Sodium ascorbate induced apop-
tosis in B16F10 murine melanoma cells by acting as a 
pro-oxidant, and the induction of a pro-oxidant state 
by sodium ascorbate with a subsequent reduction in 
mitochondrial membrane potential are involved in the 

apoptotic pathway.32 Nutrients acting as chemopreven-
tives inhibit the continual growth of transformed clones 
of cells through pro-oxidant activity. In contrast, when 
antioxidant activity occurs in transformed cells an en-
hanced growth may result.33 In addition, when unde-
sirable pro-oxidant activity develops in normal cells 
the reactive oxygen metabolites generated may damage 
DNA and cellular membranes. Thus, in patients with 
increased risk of oxidative stress, strong evidence ex-
ists for the removal of high doses of ascorbic acid from 
the cocktail because of its potential pro-oxidant effects. 
In contrast, in cancer the efficacy of combined EDTA 
therapy with megadoses of ascorbic acid should be con-
sidered.

This study demonstrates that EDTA chelation 
therapy, in combination with vitamins other than vita-
min C, exerts in vivo antioxidant protection of DNA 
and lipids, which should provide additional benefits in 
patients with CVD or diabetes. Further clinical trials 
are needed to demonstrate clinical outcomes in patients 
treated with EDTA chelation therapy.

 References
Hornig B, Drexler H. Reversal of endothelial 1. 
dysfunction in humans. Coron Artery Dis 
2001;12:463-473.
Vega-Lopez S, Devaraj S, Jialal I. Oxidative stress 2. 
and antioxidant supplementation in the management 
of diabetic cardiovascular disease. J Investig Med 
2004;52:24-32.
Pennathur S, Heinecke JW. Mechanisms of oxidative 3. 
stress in diabetes: implications for the pathogenesis of 
vascular disease and antioxidant therapy. Front Biosci 
2004;9:565-574.
Lamas GA, Ackermann A. Clinical evaluation of 4. 
chelation therapy: is there any wheat amidst the 
chaff? Am Heart J 2000;140:4-5.
Dandona P, Aljada A, Bandyopadhyay A. 5. 
Inflammation: the link between insulin resistance, 
obesity and diabetes. Trends Immunol 2004;25:4-7.
Villarruz MV, Dans A, Tan F. Chelation therapy 6. 
for atherosclerotic cardiovascular disease. Cochrane 
Database Syst Rev 2002;CD002785.
Anderson TJ, Hubacek J, Wyse DG, Knudtson ML. 7. 
Effect of chelation therapy on endothelial function 
in patients with coronary artery disease: PATCH 
substudy. J Am Coll Cardiol 2003;41:420-425.
Seely DM, Wu P, Mills EJ. EDTA chelation therapy 8. 
for cardiovascular disease: a systematic review. BMC 
Cardiovasc Disord 2005;5:32.



Alternative Medicine Review  Volume 14, Number 1  2009

EDTA Chelation Study

Page 61Copyright © 2009  Thorne Research, Inc.  All Rights Reserved.  No Reprint Without Written Permission.  

Hininger I, Waters R, Osman M, et al. Acute 9. 
prooxidant effects of vitamin C in EDTA chelation 
therapy and long-term antioxidant benefits of therapy. 
Free Radic Biol Med 2005;38:1565-1570.
Sardi B. High-dose vitamin C and iron overload. 10. Ann 
Intern Med 2004;140:846-847.
Anderson RA, Bryden NA, Waters R. EDTA 11. 
chelation therapy does not selectively increase 
chromium losses. Biol Trace Elem Res 1999;70:265-
272.
Waters RS, Bryden NA, Patterson KY, et al. EDTA 12. 
chelation effects on urinary losses of cadmium, 
calcium, chromium, cobalt, copper, lead, magnesium, 
and zinc. Biol Trace Elem Res 2001;83:207-221.
Waters RS, Fernholz K, Bryden NA, Anderson RA. 13. 
Intravenous magnesium sulfate with and without 
EDTA as a magnesium load test – is magnesium 
deficiency widespread? Biol Trace Elem Res 
2008;124:243-250.
Rozema TC. The protocol for safe and effective 14. 
administration of EDTA and other chelating agents 
for vascular disease, degenerative disease and metal 
toxicity. J Advan Med 1997;10:11-17.
Hininger I, Chollat-Namy A, Sauvaigo S, et al. 15. 
Assessment of DNA damage by comet assay on 
frozen total blood: method and evaluation in smokers 
and non-smokers. Mutat Res 2004;558:75-80.
Marklund S, Marklund G. Involvement of the 16. 
superoxide anion radical in the autoxidation of 
pyrogallol and a convenient assay for superoxide 
dismutase. Eur J Biochem 1974;47:469-474.
Gunzler WA, Kremers H, Flohe L. An improved 17. 
coupled test procedure for glutathione peroxidase 
(EC 1-11-1-9) in blood. Z Klin Chem Klin Biochem 
1974;12:444-448.
Beers RF Jr, Sizer IW. A spectrophotometric method 18. 
for measuring the breakdown of hydrogen peroxide 
by catalase. J Biol Chem 1952;195:133-140.
Akerboom TP, Sies H. Assay of glutathione, 19. 
glutathione disulfide, and glutathione mixed 
disulfides in biological samples. Methods Enzymol 
1981;77:373-382.
Faure P, Lafond JL. Measurement of plasma 20. 
sulfhydryl and carbonyl groups as a possible indicator 
of protein oxydation. In: Favier AE, Cadet J, 
Kalnyanaraman M, et al, eds. Analysis of Free Radicals 
in Biological Systems. Basel, Switzerland: Birkäuser; 
1995:237-248.
Richard MJ, Guiraud P, Meo J, Favier A. High-21. 
performance liquid chromatographic separation 
of malondialdehyde-thiobarbituric acid adduct in 
biological materials (plasma and human cells) using 
a commercially available reagent. J Chromatogr 
1992;577:9-18.

Singh NP, McCoy MT, Tice RR, Schneider EL. 22. 
A simple technique for quantitation of low levels 
of DNA damage in individual cells. Exp Cell Res 
1988;175:184-191.
Pouget JP, Ravanat JL, Douki T, et al. Measurement 23. 
of DNA base damage in cells exposed to low doses of 
gamma-radiation: comparison between the HPLC-
EC and comet assays. Int J Radiat Biol 1999;75:51-
58.
Martinez-Alfaro M, Palma-Tirado L, Sandoval-24. 
Zapata F, Carabez-Trejo A. Correlation between 
formamidopyrimidine DNA glycosylase (Fpg)-
sensitive sites determined by a comet assay, 
increased MDA, and decreased glutathione during 
long exposure to thinner inhalation. Toxicol Lett 
2006;163:198-205.
Moller P. Assessment of reference values for DNA 25. 
damage detected by the comet assay in human blood 
cell DNA. Mutat Res 2006;612:84-104.
Wu G, Fang YZ, Yang S, et al. Glutathione 26. 
metabolism and its implications for health. J Nutr 
2004;134:489-492.
Dincer Y, Akcay T, Alademir Z, Ilkova H. 27. 
Assessment of DNA base oxidation and glutathione 
level in patients with type 2 diabetes. Mutat Res 
2002;505:75-81.
Baynes JW. Role of oxidative stress in development of 28. 
complications in diabetes. Diabetes 1991;40:405-412.
Green DJ, O’Driscoll JG, Maiorana A, et al. Effects of 29. 
chelation with EDTA and vitamin B therapy on nitric 
oxide-related endothelial vasodilator function. Clin 
Exp Pharmacol Physiol 1999;26:853-856.
Duarte TL, Lunec J. Review: when is an antioxidant 30. 
not an antioxidant? A review of novel actions and 
reactions of vitamin C. Free Radic Res 2005;39:671-
686.
Sakagami H, Satoh K. Modulating factors of radical 31. 
intensity and cytotoxic activity of ascorbate (review). 
Anticancer Res 1997;17:3513-3520.
Kang JS, Cho D, Kim YI, et al. L-ascorbic acid 32. 
(vitamin C) induces the apoptosis of B16 murine 
melanoma cells via a caspase-8-independent pathway. 
Cancer Immunol Immunother 2003;52:693-698.
Schwartz JL. The dual roles of nutrients as 33. 
antioxidants and prooxidants: their effects on tumor 
cell growth. J Nutr 1996;126:1221S-1227S.


