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The iron chelating agent, diethylenetriaminepenta- 
acetic acid (DTPA or DETAPAC), has gained popularity 
in recent years because it inhibits the formation of  
hydroxyl radicals ('OH) in systems where both super- 
oxide (02-) and hydrogen peroxide are generated. 
Thus, DTPA gives an appearance of blocking the 
'iron-catalyzed Haber-Weiss reaction': 

H202+O2- Fe> "OH+OH=+02  (1) 

ethylene gas from 2-keto-4-thiomethylbutyrate. This 
reaction and an analogous one with methional are 
believed to be mediated by the formation of hydroxyl 
radicals. However, to be certain that a Fenton-type 
reaction [eq. (2)] has indeed mediated the reaction, 
it is necessary to show disappearance of Fe 2+ and 
appearance of Fe 3+. Moreover, the formation of 
"OH should be confirmed by showing the formation 
of an appropriate product with a more traditional 
"OH scavenger. This brief communication fulfills 
these needs. 

Eq. (1) does not proceed to any appreciable extent 
in 'pure' aqueous solution in the absence of iron 
contaminants (k < 1 M -1 s -1) [1,2]. However, the 
reaction is catalyzed by iron salts or iron chelates 
(e.g., iron-EDTA). The following mechanism has 
been proposed [3,4]: 

Fe 2+ + H202 > Fe 3+ + "OH + OH- (2) 

Fe 3+ + Oe= ~ Fe e+ + O2 (3) 

Eq. (2) is a classical Fenton reaction, giving rise to 
"OH. Eq. (3) represents a route for recycling of the 
iron so that it can participate in a Fenton reaction. 
Some investigators refer to this mechanism as 'super- 
oxide-driven Fenton chemistry' [5]. 

If DTPA inhibits the iron-catalyzed Haber-Weiss 
mechanism, it could do so either by preventing the 
Fenton reaction [eq. (2)] or by preventing the reduc- 
tion of Fe 3÷ [eq. (3)]. Many investigators have 
assumed that DTPA blocks the Fenton reaction. This 
error has persisted into some very recent publications. 

Some investigators [6,7] have observed that Fe 2÷- 
DTPA will react with hydrogen peroxide to generate 

2. Experimental 

Ion exchange water was subsequently distilled in 
an all-glass still (Coming) and then passed through a 
Milli Q system (Millipore Corp.) immediately before 
use. The sources of chemicals were: ferrous ammo- 
nium sulfate • 6 H20 (ACS Grade, Fisher); diethyl- 
enetdaminepentaacetic acid (DTPA, Sigma); 2-keto-4- 
thiomethylbutyric acid;sodium salt (KTBA, Sigma); 
and hydrogen peroxide (30% reagent, Fisher). All 
experiments were carried out in 50 mM phosphate 
buffer at pH 7.0. 

Colorimetric assays for Fe 2÷ and Fe 3÷ were per- 
formed with a Gilford Stasar III flow-through spec- 
trophotometer. Fe 2÷ were measured as the o-phe- 
nanthroline complex at 510 nm. Fe 3÷ were measured 
as the thiocyanate complex at 480 nm after acidifica- 
tion of an aliquot of the reaction mixture with 
trichloroacetic acid. For experiments performed 
under helium, the buffer containing DTPA was 
brought to a light boil to remove entrapped gas, and 
then it was cooled by continuous bubbling with 
helium; the stock solutions of Fe 2÷ and hydrogen 
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peroxide were prepared in similarly treated water,  
which was then rebubbled with helium. In all experi- 
ments, hydrogen peroxide was added last, at  1 rain 

after the addit ion o f  Fe 2+ solution. 
Ethylene gas formed from KTBA in sealed 

Erlenmeyer flasks was assessed by  sampling with a 
plastic syringe followed by  gas chromatography with 
flame ionization detect ion [8]. Phenol was assayed 
after extract ion from NaCl-saturated solution with 
benzene followed by  back-extraction into 0.1 N 
NaOH; assays were conducted with a Hewlett-Packard 
Model 1084 B liquid chromatograph equipped with 
an RP-8 column and an electrochemical detector  
(Bioanalytical Systems). 

3. Results 

Preliminary experiments showed that  FeZ+-DTPA 
was stable to autoxidat ion in the pH 7.0 buffer in the 
presence of  air [6,9]. Subsequently,  the loss in Fe z+ 
was measured with o-phenanthroline reagent after the 
addi t ion of  hydrogen peroxide to Fe2+-DTPA and, 
in a second set o f  experiments,  the appearance o f  
Fe a+ was measured with thioeyanate  reagent. The 
results in table 1 show that  Fe 2+ disappears and Fe 3+ 
appears upon the addit ion o f  hydrogen peroxide to 
the ferrous chelate. Hydrogen peroxide is itself con- 
sumed during the reaction [6]. These results are con- 
sistent with the occurrence o f  a Fenton- type reaction 

[eq. (1)]. 
Two typical  "OH scavengers were tested to see i f  

they would be t ransformed to the appropriate product  
upon the addi t ion o f  hydrogen peroxide to Fe 2÷- 
DTPA. KTBA forms ethylene gas upon a t tack by  

Table 2 
Production of metabolized products of two hydroxyl radical 

scavengers upon addition of hydrogen peroxide to 
Fe=+-DTPA a 

Expt. Fe2÷-DTPA H20 ~ Substrate Product 

1 50 ~M 1.0 mM KTBA Ethylene 
39 ± 1 t~M 

2 200 ~M 0.4 mM Benzene Phenol 
63± 2t~M 

a In expt. 1, DTPA was present at 100/~M (100% molar 
excess over Fe2+), KTBA at 10 mM and the atmosphere was 
air. In expt. 2, DTPA was present at 240 9M (20% molar 
excess over Fe2+), benzene at 19 mM (saturated solution) 
and the atmosphere was helium:oxygen (9:1). Products 
were measured at 5 min after the addition of hydrogen 
peroxide. No significant yields of products were observed 
if either hydrogen peroxide or Fe 2÷ were omitted. The 
amount of ethylefle gas is expressed as if the product were 
all present in solution rather than in the gas phase in the 
flask. Results are the mean ± SEM (N= 6, expt. 1;N= 4, 
expt. 2) 

hydroxyl  radicals [7,8]. Benzene is a tradit ional  sub- 
strate for hydroxyl  radical a t tack and it forms phenol 
as a product  [10,11 ]. Both ethylene and phenol were 
formed in good yields during the Fenton- type reac- 
t ion between hydrogen peroxide and Fe2*-DTPA 
(table 2). 

4. Discussion 

The results show that Fe2÷-DTPA is oxidized to 
Fea÷-DTPA,  and that "OH is produced when hydrogen 
peroxide is added to a solution o f  Fe2+-DTPA in 
phosphate buffer at neutral pH. Therefore, Fe 2÷- 
DTPA does participate in a Fenton- type reaction. 

Table 1 
Oxidation of ferrous-DTPA by hydrogen peroxide a 

Expt. Fe 2÷ H202 Added hFe Reagent used 

1 100 vM 12.5 uM 21.0 ± 1.0/~M o-Phenanthroline 
(Fe 2÷ reagent) 

2 100/~M 50/~M 91.2 ± 1.4/~M Thiocyanate 
(Fe 3+ reagent) 

a DTPA was present at 200 #M, which is twice the concentration of Fe2÷: expt. 1 
was conducted in a helium atmosphere; expt. 2 was conducted in air. The Fe 2÷- 
DTPA chelate is stable to autoxidation in phosphate buffer at neutral pH [9]. 
Control experiments showed that the ferrous chelate with o-phenanthroline was 
not significantly oxidized by addition of hydrogen peroxide directly to this 
chelate. Results are the mean -+ SEM (N = 13, expt. 1 ; N = 5, expt. 2) 
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The original studies which showed suppression of 
"OH formation by DTPA were performed with the 
enzyme, xanthine oxidase, which generates both 
hydrogen peroxide and superoxide. Failure to form 
"OH was assessed by the absence of an electron spin 
resonance signal for the adduct of  "OH with spin- 
trapping agents [12]. Subsequently, DTPA was shown 
to block formation of products expected from the 
reaction between generated "OH and known scavengers 
[4]. DTPA has since been used effectively to block 
oxidative phenomena in systems where both hydrogen 
peroxide and superoxide are generated [7,13-17]; 
some of these observations concern intact cells [13, 
16,17]. 

Since Fe2+-DTPA readily engages in a Fenton- 
type reaction, another explanation is required to 
explain the ability of  DTPA to block oxidative phe- 
nomena. A likely explanation is that DTPA suppresses 
the reduction of Fe 3÷ by superoxide [eq. (3)]. We 
attempted to assess this possibility directly by study- 
ing the formation of  Fe2÷-DTPA from Fe3÷-DTPA 
by a superoxide-generating system (xanthine oxidase); 
catalase was added in order to remove the hydrogen 
peroxide as it was formed and, thereby, prevent the 
oxidation of Fe2+-DTPA in a Fenton-type reaction. 
No accumulation of Fe2÷-DTPA was observed, a 
result consistent with inhibition of eq. (3). However, 
it would be prudent to confirm this result with a 
pure source of superoxide and with better control 
over minimizing the presence of hydrogen peroxide. 

The inhibiting actions of  DTPA on oxidative 
phenomena in biological systems imply the presence 
of free iron or iron chelates as either 'contaminants' 
in buffers or chemical reagents, or as endogenous and 
natural components of cellular systems. Since Fe 2÷- 
DTPA is highly reactive in generating hydroxyl radicals 
when hydrogen peroxide is present it appears that an 
inhibitory action of DTPA may derive from the 
stabilization of iron in the ferric state. Recent studies 
have shown that bacterial killing by hydrogen peroxide 
is enhanced when bacteria (Staphylococcus aureus) 
are grown for several days in an iron-rich environment 
in order to raise intrinsic iron concentrations [ 18]; 
since bacterial killing appears to involve hydrogen 
peroxide and derived oxy-radicals, these data imply 
that iron can mediate peroxide-dependent toxicity in 
intact cellular systems. 

At the current time, it can be asserted that Fe 2+- 
DTPA does participate in a Fenton-type reaction. 
Therefore, either DTPA blocks the reduction of Fe 3÷ 
by superoxide as well as by other reducing agents in 
cells, or the 'iron-catalyzed Haber-Weiss reaction' is 
not correctly described by eq. (2) and (3). 
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