
ABSTRACT: Antioxidant properties of desferrioxamine E, a
cyclic trihydroxamate produced by microorganisms, were
tested and compared to those of desferrioxamine B and buty-
lated hydroxyanisole (BHA). Desferrioxamine E exhibited sig-
nificant antioxidant effects in linoleic acid emulsions as well as
in emulsions of linoleic acid and β-carotene. In concentrations
of 100 ppm, the effect of both desferrioxamines in linoleic acid
emulsion was equal to that of BHA. The antioxidant activity of
the desferrioxamines in emulsions of β-carotene and linoleic
acid was significantly higher than that of BHA. In addition, the
initial rate of β-carotene destruction was significantly lower
when desferrioxamines were added to the emulsion.
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Desferrioxamine E, a cyclic trihydroxamate, belongs to a
group of microbial siderophores which form complexes with
iron ions (1). Stoll et al. (2) described it first as an antibiotic.
Desferrioxamines were primarily isolated from actino-
mycetes, such as Streptomyces pilosus (3,4), but they were
also described in the genus Arthrobacter, Chromobacterium
(5), Pseudomonas (6), and Erwinia herbicola (7). These tri-
hydroxamates are recognized primarily as chelators with a
particularly high affinity for trivalent iron ions (Kb = 1031) (8).

A well-studied analog of desferrioxamine E is the non-
cyclic desferrioxamine B. Several studies have demonstrated
the ability of desferrioxamine B to inhibit oxidation in vari-
ous biological systems (9–11). The antioxidant activity of
desferrioxamine B was first attributed to its iron binding ca-
pacity (10). Later, however, it was shown that desferrioxam-
ine B acts as a chain-breaking radical scavenger by donating
an electron or hydrogen atom from the hydroxamate center
(11). This capacity could be attributed to the hydroxamate
centers that produce a resonance-stabilized center following
the donation of a hydrogen atom (12). 

While the biological activities of desferrioxamine B have
been extensively investigated, little is known about the prop-
erties of the related desferrioxamine E (Fig. 1). Due to the an-
tioxidant capacity of the hydroxamate moieties of desferriox-
amines, they may prove useful as primary antioxidants. In a

previous study, desferrioxamine B exhibited significant an-
tioxidant activity in model emulsions and suspensions of fatty
acids and oils (13). As a result of the structural difference be-
tween these two desferrioxamines, desferrioxamine B is
freely soluble in water, while desferrioxamine E possesses
poor solubility in water and cold methanol (14). Therefore,
the authors examined the effect of these structural differences
on the antioxidant potential of desferrioxamine E.
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FIG. 1. Structure of desferrioxamine E (A) and B (B).



EXPERIMENTAL PROCEDURES

Desferrioxamine E was provided by Prof. H. Zähner (Univer-
sity of Tübingen, Tübingen, Germany). Desferrioxamine B
[Desferal (c)] was obtained from Ciba Co. (Basel, Switzer-
land). Linoleic acid was a product of Fluka AG (Buchs,
Switzerland). Butylated hydroxyanisole (BHA), β-carotene,
Tween 22, and Tween 40 were purchased from Sigma Israel
Chemical Co. (Holon, Israel).

Antioxidant activity in linoleic acid emulsion. The antioxi-
dant activity was assayed by the method of Cillard et al. (15)
with minor modifications. Briefly, a solution of 0.5% Tween 20
(Serva Biochemicals, Westbury, NY) and the tested antioxidant
in pH 7.0 phosphate buffer was mixed with an equal volume of
0.5% Tween 20 and 0.28% linoleic acid (Fluka) in phosphate
buffer (pH 7.0), and the mixture was placed in the dark at 37°C.
Oxidation was determined on 100-µL samples taken into 2 mL
of phosphate buffer (pH 7.0) by reading the absorption of con-
jugated dienes at 234 nm (ultraviolet-visible spectrophotometer
M330, Camsped Ltd., Saloston, Cambridge, United Kingdom).

Antioxidant activity in emulsion of β-carotene and linoleic
acid. Destruction of β-carotene was determined by the method
of Hammerschmidt and Pratt (16) with some modifications.
The β-carotene (0.1 mg), 20 mg linoleic acid, and 200 mg
Tween 40 (Sigma) were dissolved in 20 mL chloroform. The
chloroform was subsequently evaporated in a rotary evapora-
tor, and its remaining traces were removed by nitrogen. The
model emulsion was prepared by adding 50 mL double-dis-
tilled water to the viscous, uniform lipid by stirring and violent
shaking. Five milliliters of the emulsion was added to test tubes
that contained 2 mL of solution [1:1 distilled water/dimethyl
sulfoxide (DMSO)] of the tested antioxidant, and the tubes
were immediately incubated at 50°C (2 mL ethanol was added
to the control). Zero time was the time of addition of the model
emulsion to each test tube. Destruction of β-carotene was mon-
itored by reading the absorption at 470 nm. The antioxidant ac-
tivity was measured by the residual absorption after 250 min of
incubation and the rate of β-carotene loss.

Data and statistical analysis. Oxidation experiments were
performed in duplicate and are expressed as means. Days to
oxidation induction were designated as days before absorp-
tion exceeded o.d. = 0.2. The difference between mean val-
ues was tested by Student’s t-test for unpaired results. Signif-
icance limit was P < 0.05 unless stated otherwise. Linearity
was evaluated by simple linear regression.

RESULTS AND DISCUSSION

Emulsion of linoleic acid. The antioxidant effect of desferriox-
amine E was tested in various concentrations and compared to
that of desferrioxamine B and BHA (Fig. 2). The presence of
desferrioxamine E delayed the onset of linoleic acid oxidation
by up to 24 d at a concentration of 0.17 mM (100 ppm) and by
17 d at a concentration of 0.085 mM (50 ppm). Desferrioxam-
ine E inhibition of linoleic acid oxidation was not significantly
higher than that of desferrioxamine B. The antioxidant effects

of BHA were significantly higher than that of both desferriox-
amines. However, the antioxidant effect of both desferrioxam-
ine E and B was not significantly different to that of BHA only
at concentrations of over 100 ppm (0.278 mM BHA, 0.171
mM desferrioxamine E, 0.184 mM desferrioxamine B). One
possible explanation is that due to its poor solubility in water,
BHA accumulates in the hydrophobic sites of the emulsion.
Thus, BHA is concentrated close to the linoleic acid micelles,
and its effective concentration is higher.

Emulsion of β-carotene and linoleic acid. Protection
against oxidation afforded by various concentrations of des-
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FIG. 2. Days before onset of oxidation of linoleic acid emulsions with no
antioxidant (–), and in the presence of various concentrations of desfer-
rioxamine E (◆), desferrioxamine B (■), and butylated hydroxyanisole
(BHA) (●●). aSignificant difference between desferrioxamines and BHA.

FIG. 3. Absorbance of ß-carotene emulsions with linoleic acid after 250
min of incubation with no antioxidant (–), and in the presence of vari-
ous concentrations of desferrioxamine E (◆), desferrioxamine B (▲), and
BHA (■). aSignificantly different from both desferrioxamines. In X/X0, X
is absorbance at 250 min, and X0 at time zero. See Figure 2 for other
abbreviation.



ferrioxamine E to β-carotene in emulsion with linoleic acid
was compared to that of desferrioxamine B and BHA (Fig. 3).
The antioxidant effect of desferrioxamine E was significantly
higher than that of BHA at concentrations of 0.5, 5, 50, and
500 µM (P < 0.001). However, it was not significantly differ-
ent than that of desferrioxamine B. The loss of β-carotene
(after 250 min) at antioxidant concentration of 0.5 µM was
1.4, 5.1 B, and 34.1% desferrioxamine E, desferrioxamine B,
and BHA, respectively. 

The rate of β-carotene destruction was linear at the first
stages of oxidation. Thus, the antioxidant activity of all tested
chemicals was also compared based on the rate of β-carotene
destruction (Table 1). At all concentrations, the rate of β-
carotene destruction was lower in the presence of desferriox-
amines E and B than in the presence of BHA. At concentra-
tions of 0.5 µM, both desferrioxamines inhibited β-carotene
degradation, while BHA had only a moderate effect. How-
ever, a previous study (17) showed that the antioxidant activ-
ity of desferrioxamine B was lower than that of BHA in β-
carotene emulsion. The controversy of results is explained by
the addition of DMSO to the emulsion in the present study,
thus achieving a better distribution of the desferrioxamines in
the lipid fraction.

The results obtained in the present study demonstrate the
ability of desferrioxamine E to inhibit oxidation of linoleic
acid and β-carotene in a concentration range typical for com-
mercial antioxidants. Many studies clearly indicate that the
hydroxamate moiety is most effective in preventing oxidation
(18,19). Thus, desferrioxamine E joins the expanding group
of hydroxamate antioxidants. Because desferrioxamine E is a
microbial secondary metabolite that can be produced in high
yields (20), it is suggested that its activity should be assessed
in food and biological model systems.
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TABLE 1 
Initial Rate of β-Carotene Destruction in Emulsion of β-Carotene and
Linoleic Acid in the Presence of Desferrioxamine E, Desferrioxamine
B, and BHA

Rate of β-carotene destruction (%/min)

Desferrioxamine

Concentration (µM) BHA E B

0 0.22 0.22a 0.22a

0.5 0.16 0.004a 0.03a

5 0.08 0.002a 0.03a

50 0.04 <0.001a <0.001a

500 0.02 <0.001a <0.001a

aSignificantly lower than butylated hydroxyanisole (BHA).


