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The iron chelator pyridoxal isonicotinoyl hydrazone inhibits
mitochondrial lipid peroxidation induced by [Fe Il —citrate
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Abstract

Pyridoxal isonicotinoyl hydrazone P)H is able to prevent iron-mediated hydroxyl radical formation by means of iron chelation and
inhibition of redox cycling of the metal. In this study, we investigated the effect of PIH én)Fe Il —citrate-mediated lipid peroxidation and
damage to isolated rat liver mitochondria. Lipid peroxidation was quantified by the production of thiobarbituric acid-reactive substances
(TBARS) and by antimycin A-insensitive oxygen consumption. PIH at @80induced full protection against 5@M Fe(ll)—citrate-in-
duced loss of mitochondrial transmembrane potefitia) and mitochondrial swelling. In addition, PIH prevented thé Be Il —citrate-de-
pendent formation of TBARS and antimycin A-insensitive oxygen consumption. The antioxidant effectiveness pM1BtH (on
TBARS formation and mitochondrial swelling was greater in the presence of 20 @bBe(I1)—citrate than in the presence of 100
Fe( I)—citrate, suggesting that the mechanism of PIH antioxidant action is linked with(it3 Fe Il chelating property. Finally, PIH increased
the rate of Fe I autoxidation by sequestering iron from thé Fe Il —citrate complex, forming a)Fe IlL,—PIH complex that does not
participate in Fenton-type reactions and lipid peroxidation. These results are of pharmacological relevance since PIH is a potential
candidate for chelation therapy in diseases related to abnormal intracellular iron distributigor arah overload.© 2001 Elsevier
Science B.V. All rights reserved.
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1. Introduction age in models of iron overload Britton et al., 1994;
Hershko, 1994; Richardson and Milnes, 1997; Link et al.,

Iron is an essential element for life. However, it is 1999 . In the case gB-thalassemia, the treatment is based
involved in the in vivo catalysis of oxygen free radical on iron chelation therapy with the siderophore deferoxam-
formation. There are several human pathologies related toine. However, deferoxamine is costly, requires long sub-

increased intracellular iron levels iron overldad “de-lo- cutaneous infusions and has a short plasma half-life
calizatior? of iron from heme- or nonheme proteins. These (Richardson and Ponka, 1998a .
pathologies include hereditary hemochromatoBithalas- Pyridoxal isonicotinoyl hydrazoné P)H, a condensa-

semia, Friedreich’s ataxia, ischemic heart disease, Parkin-tion product of pyridoxal and isonicotinic acid hydrazine,
son’s disease and several types of cancer, as well asmay be an alternative candidate for low-cost iron chelation
inflammatory processe6 Britton et al., 1994; Stal, 1995; therapy( Webb and Vitolo, 1988; Richardson and Ponka,
Gassen and Youdim, 1997; Meneghini, 1997; Smith et al., 19980 . It can be administered orally, has low toxicity, has
1999; Gordon, 2000; Sheth and Brittenham, 2000 . Iron low affinity for calcium and magnesium ions and induces
chelators have been shown to be effective as antiprolifera-the excretion of iron and a negative iron balance
tive agents, to reduce post-ischemic oxidative damage to(Sookvanichsilp et al.,, 1991; Richardson and Ponka,
tissues, and to diminish lipid peroxidation and DNA dam- 1998a,b . We have recently demonstrated that PIH has also
in vitro antioxidant activity since it makes iron unavailable
for catalysis of hydroxyl radical® OH formatioqh Schul-
" Goresponding author. Tel+55-16-3280-3273; fax+55-10-37gs-  Man et al., 1995; Hermes-Lima et al., 2000 . Antioxidant
9434, activity is a relevant characteristic of iron chelators for
E-mail address: roger@fcm.unicamp.b¢ R.F. Castilho . clinical use( Hershko, 1994; Hermes-Lima et al., 2000 ,
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since some chelatofs such as EDTA enhance iron solubil-2.3. Measurement of oxygen concentration
ity and increase oxyradical formatidn Hermes-Lima et al.,
1994 . We have observed that PIH prevents iron-mediated Oxygen concentration in mitochondrial suspensions was
ascorbate oxidation, 2-deoxyribose degradation, plasmidpolarographically determined with a Clark-type electrode
DNA strand breaks, 5,5-dimethyl-1-pyrroliné-oxide in a 1.3-ml glass chamber equipped with a magnetic stirrer
(DMPO) hydroxylation and liposomal peroxidation Schul- at 30°C. The respiratory contrd| respiratory rate of state
man et al., 1995; Hermes-Lima et al., 1998, 1999, 2000 . 3/state 4 of mitochondrial preparations was more than
PIH is also effective against retinal lipid peroxidation in 4.0, measured with 2 mM succinate as substrate. PIH at
newborn pigs subjected to asphyxia and reoxygenation300 wM did not change the respiratory control of isolated
(Bhattacharya et al., 1997 . rat liver mitochondria nor the respiratory rate of state 4
Even though the antioxidant action of PIH in aqueous (data not shownn = 3). Determination of @ concentra-
solutions has been well investigated, its effects againsttion in media without mitochondria was also performed
lipid peroxidation are still poorly investigated see Schul- with a Clark-type electrode.
man et al., 1995; Bhattacharya et al., 1997 . Iron-mediated
lipid peroxidation is a key event leading to cell membrane 2.4. Measurements of transmembrane electrical potential
damage( including mitochondrial membrahes , DNA alter- (A)
ations, carcinogenic processes and cell déath Carini et al.,
1992; Britton et al., 1994; Castilho et al., 1994, 1999; Determination of mitochondrialAys was performed
Hermes-Lima et al., 1995; Stal, 1995; Nair et al., 1998; with the TPP-selective electrode technigue, as previously
Cardoso et al.,, 1999 . Therefore, the aim of the presentdescribed Hermes-Lima, 1995; Hermes-Lima et al., 2995 .
study is to investigate the antioxidant activity of PIH The electrical potential was calculated from the TPP
against lipid peroxidation of isolated rat liver mitochondria distribution between intra- and extramitochondrial com-
induced by Fé Il —citrate. We also correlated the iron partments. Values were corrected to account for TPP
chelation properties of PIH with its activity against lipid binding to the membranes, according to Jensen et al.
peroxidation and mitochondrial damage. (1986 .

2.5. Mitochondrial swelling and measurement of thiobarbi-
2 Materials and methods turic acid-reactive substances (TBARS)

Mitochondrial swelling was determined at 600 nm in a
Carl Zeiss spectrophotometér at 30). TBARS values
were determined at 532 nm, as previously described

: . (Castilho et al., 1994, 1999 . Isolated rat liver mitochon-
deferoxamine, 2-deoxyribose, EGTA-(2-hydroxyethy] - dria were incubated for 20 miqi at 3C) in the presence

piperazineN-2-ethanesulfonic acid( HEPES , 1,10-phe- of Felll)—citrate ( with or without PIBl and the reaction

nanthroline, rotenone, sgccinat_e, fcetraphenyl phosphoniumwas subsequently interrupted by the addition of 0.5 mM
bromide (TPP) and thiobarbituric acid were purchased butylated hydroxytoluene and thiobarbituric acid solution.

from Sigmka( St. ,Lorl:is’ M® I PIH yvelts a gift fﬁom Dr. TBARS values are the means of six determinations with
Prem Ponkd Jewish General Hospital, Montreal . Ferrous, o different mitochondrial preparations.

ion [F& NH,),(SQ),- 6H ,O] solutions were prepared in
Milli-Q water and immediately used. PIH stock solutions
(1 or 6 mM were freshly prepared as previously described
(Schulman et al., 1995; Hermes-Lima et al., 2D00 .

2.1. Reagents and solutions

ADP, antimycin A, butylated hydroxytoluene, citrate,

2.6. Determination of Fe(ll) oxidation

Concentrations of Fell in extramitochondrial media
were guantified in supernatants of samples 0.3 ml that
2.2. Isolation of rat liver mitochondria had been centrifuged for 3 min in an Eppendorf centrifuge.

Subsequently, 1 ml of 15 mM 1,10-phenanthroline was

Mitochondria were isolated by conventional differential added. The red complex of €¢) Il with 1,10-phenanthroline
centrifugation from the livers of adult Wistar rats fasted was determined at 510 nm and compared with & Fe Il
overnight, as previously describéd Hermes-Lima et al., standard curvé Hermes-Lima et al., 1995 . In experiments
1995; Castilho et al., 1999 . Homogenates were rapidly under anoxic conditions, nitrogen gas was bubbled for 20
prepared in 250 mM sucrose, 0.5 mM EGTA and 10 mM min in all solutions before determinations.

HEPES (pH 7.2. The mitochondrial suspension was

washed twice in the same medium containing 0.1 mM 2.7. Determination of the Fe(ll) complex with PIH

EGTA and the final pellet was diluted in 250 mM sucrose

to a protein concentration of 80—100 phwl, as deter- Fe(11) (50 wM, final concentratioh was added to 0.95-
mined by the Biuret method. ml solution containing citraté 0.5 mM plus 1QOM PIH
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(final concentrations at 1 ml and an immediate wave-
length scan( from 250 to 700 Pm was performed in a
Hitachi 2001 spectrophotometer at room temperature. This
allowed the observation of the characteristic peak of the
Fe(Il) complex with PIH( at near 420 nm , which oxidizes

to the Fé¢ I1) —PIH, complex. These determinations where
performed in near-neutral solutions without HEPES be-

cause this buffer makes the reaction too fast to be observed

without the use of stop-flow techniqués Santos, 2998 .
The use of 0.5 mM citrate, instead of 2 mM, was for the
same reason.

3. Results
3.1. Effect of PIH on iron-induced lipid peroxidation

PIH inhibited TBARS formation induced by a 20-min
incubation with 50 .M Fe(ll)—citrate in rat liver mito-
chondria. Fig. 1 shows a titration curve for PIH on TBARS,
the I, value was 6QuM. Full protection against peroxida-
tion was observed with 20eM PIH, or with 10 puM
butylated hydroxytoluene, a lipid peroxidation chain
breaker.

Lipid peroxidation was also determined by measuring
O, consumption of mitochondria in the presence qi /&
antimycin A. The arrest of mitochondrial respiration by
antimycin A suggests that O uptake under these condi-
tions is caused by lipid peroxidatidn Hermes-Lima et al.,
1995 . Moreover, @ uptake induced by(Fg& Il —citrate and
Fe(I)-ATP] was almost totally prevented by butylated
hydroxytoluene, a well-known chain-breaking antioxidant
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Fig. 1. PIH inhibits TBARS formation induced by 50M Fe(ll)—citrate.
Rat liver mitochondrial RLM; 0.5 mgml) were incubated in reaction
medium containing 125 mM sucrose, 65 mM KCI, 10 mM HEPES buffer
(pH 7.2, 2 mM succinate, 4M rotenone and 2 mM citrate, with or
without butylated hydroxytoluené 1AM) or PIH (10—-200u.M). All
experiments, except the control, were started by the addition qf O
Fe(11). Incubation period was 20 min at 30. Values are the meansS.D.
(n=6).
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Fig. 2. PIH inhibits mitochondrial lipid peroxidation measured as O
consumption. Experimental conditions are as described in the legend of
Fig. 1, except that .M antimycin A was presenf iron was 50M).

RLM (0.5 mg/ml) were incubated in reaction medium containiig) a
300 wM PIH, (b) 100 M PIH, (¢) 50 wM PIH, (d) 25uM PIH, (e) 10

wM PIH, (f) no PIH. Fé 1) (50..M) was added where indicated by the
arrow (lines a—¥ . Dotted line indicates addition of 3p® PIH after 2

min of Fe 1) addition. Dashed line indicates,O consumption in mito-
chondrial suspension without €6 Il addition. Results are representative of
three determinations.

that can stop the propagation phase of lipid peroxidation
reactiond Castilho et al., 1994; Hermes-Lima et al., 2995 .
These results strongly indicate that(Fg Il —citrate-induced
antimycin A-insensitive @ uptake is primary caused by
the peroxidation of mitochondrial membrane lipids. Addi-
tion of 50 wM Fe(ll) to a mitochondrial suspension con-
taining 2 mM citrate, as previously observed Castilho et
al., 1999 , induced extensive,0O consumption Fig. 2, line
f), preceded by a lag phaée Cadenas and Sies,)1998 . This
extensive Q@ consumption was inhibited by 30M defer-
oxamine( data not shown . PIH was also able to inhibit
iron-induced Q consumption in a concentration-dependent
manner ( lines a-Je . At 30uM PIH, the rate of Q
consumption was the same as in controls, that is, in the
absence of iroff dashed line . Addition of 3@ PIH to

the ongoing process of lipid peroxidatign at 2 min after
Fe(1) additiol immediately stopped ,O consumption
(dotted line . The small © consumption observed just
after addition of PIH was due to Fe)ll autoxidation see
Fig. 6 for a detailed study .

3.2. Effect of PIH on iron-mediated mitochondrial swelling
and loss of Ay

Iron-induced damage to the inner mitochondrial mem-
brane can be assessed by the classic swelling technique,
which monitors the net influx of the osmotic support
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Fig. 3. PIH inhibits both mitochondrial swelling Pane) A and loss of mitochonddigl (Panel B induced by 5@.M Fe(ll)—citrate. Experimental
conditions are as described in the legend of Fig. 1, except tha?13TPP" was present whemlys was measured. Panel A represents measurements of
mitochondrial swelling in reaction medium containiffig) a 3001 PIH, (b) 100 .M PIH, (c) 50 uM PIH, (d) 25uM PIH, (&) 10..M PIH, (f) no PIH.
Fe( 1) (50 wM) was added where indicated by the arrébw lines)a—f . Dotted line indicates addition f IORIH after 2 min of F€ ) addition. Line a
also represents mitochondrial swelling without Fe 1l addition. Panel B represents measurements of mitocgndria¢action medium containing:) a

no PIH (without iron additioh ( J» 100 or 20@M PIH, (¢) 50 wM PIH, (d) 25uM PIH, (¢) 10 M PIH, (f) no PIH. Fé I) (50..M) was added where

indicated by the arrow lines b)-f. Potassium cyan{de KCN; 1)mM was added where indicated by the arrow. Results from Panels A and B are
representative of three determinations.

(sucrose, KOl associated with a nonspecific increase in (Fig. 3A, dotted lin@ . When PIH was added at different
membrane permeability. Castilho et @l. 1994 have previ- moments( at 12—-15 min during swelling, no protection
ously shown that He ]l —citrate induces mitochondrial was detected data not shown . Even though PIH was able
swelling (which is butylated hydroxytoluene sensilive due to immediately halt lipid peroxidation at any time by
to lipid peroxidation. PIH inhibited the swelling process in measuring @ consumption , the damage to the membrane
a concentration-dependent manner and near-full protectionat a given moment was so great that PIH could not block
was attained at 30Q.M (Fig. 3A). Based on the rates of the membrane permeabilization and fragmentation. Similar
mitochondrial swelling in the absence or presence of PIH, results were observed with either butylated hydroxytoluene
we could estimate arlg, value of 50 M for PIH. The or deferoxamine in the case of mitochondrial swelling
iron chelators deferoxamine and 1,10-phenanthroline atinduced by Fé )l —ATR Hermes-Lima et al., 1995 .

300 pM were also able to induce near-full protection Measurement of mitochondriadys, using a TPP-
against mitochondrial swelling data not shown . Addition selective electrode, showed that PIH prevented the loss of
of PIH (300 wM) to ongoing iron-mediated swelling at 2 Ay caused by 5¢uM Fe(ll)—citrate( Fig. 3B . The protec-
min) caused a significant reduction in the rate of swelling tive effect of PIH was concentration dependent, and full
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Fig. 4. Effect of PIH on TBARS formatioffi Panel)A and mitochondrial swelling Panel B induced by differénd Fe Il concentrations. Experimental
conditions are as described in the legend of Fig. 1 2 mM citrate is present in all expejiments . PareDA: Fe || wag M-<@@@pty and hatched bars
and PIH 100nM (empty bar$ . Values are the means$.D. (n= 6). Panel B represents measurements of mitochondrial swelling under the following
conditions( & 10G.M PIH (without iron), (B 100uM PIH plus 20 or 50uM Fe(ll), (¢) 100wM PIH plus 100p.M Fe(ll), (d) 20 .M Fe(ll), (€) 50uM
Fe(1D), (f) 100 uM Fe(ll). F( 1) was added where indicated by the arrfow lines)a—f . Results from Panel B are representative of three determinations.
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protection was observed at 1M PIH. Moreover, PIH at
300 wM had no effect on mitochondriallys in suspen-
sions in the absence of iron. This is another indicétor as
observed for the respiratory control, see Materials and
methods section of the nontoxicity of PIH to rat liver
mitochondria( Wallace and Starkov, 2000 .

3.3. Titration of iron versus effectiveness of PIH against
mitochondrial damage

Fig. 4 shows the effect of 20, 50 and 1M Fe(I)—
citrate on TBARS( Panel A and mitochondrial swelling
(Panel B . In both cases, 50M iron had near-saturating
effects on mitochondrial damage. Addition of 1QCM
PIH caused nearly full protectiof against both TBARS
formation and mitochondrial swelling in mitochondrial
suspensions containing either 20 or B Fe(Il)—citrate.
However, PIH conferred only partial protection in the
presence of 10@M Fe(ll)—citrate: 67% and 60% inhibi-
tion of TBARS formation and mitochondrial swelling rate,
respectively.

These results show that the effectiveness of PIH was

inversely related to the iron concentration present in the
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Fig. 6. Effect of PIH on Q@ consumption due to(Fe Il autoxidation, in
the absence of rat liver mitochondria. Experimental conditions: 125 mM
sucrose, 65 mM KCI, 10 mM HEPES buffér pH 7.2, with or without
300 wM PIH and/or 2 mM citrate. Experiments were conducted at 30
°C, Fe 1) (50 wuM) was added where indicated by the arrows. Experi-

suspensions. The data suggested that the antiperoxidativenents without citratef Ja contrél no irbr(,) b HM Fe(ll), (¢) 50 wM

mechanism of PIH is linked to its Fe)ll chelating property
and ability to remove iron from the citrate complex. In the
presence of 10Q.M Fe(ll)—citrate( citrate= 2 mM), only
a portion of iron forms a complex with 100M PIH at a
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Fig. 5. Effect of PIH on Fe ) autoxidation, in the absence of rat liver
mitochondria. Experimental conditions: 125 mM sucrose, 65 mM KCI, 10
mM HEPES buffer( pH 7.2 , with or without PIH. Experiments at gD
were started by the addition of 50M Fe(ll). Anoxic conditions(v) 2

mM citrate, without PIH{O) 2 mM citrate plus 30G.M PIH. Normoxic
conditions:(v) 2 mM citrate, without PIH;(4) 2 mM citrate plus 50
1M PIH; (@) 2 mM citrate plus 30QuM PIH. Values are the average of
three determinations.

Fe( 1) plus 300u.M PIH. Experiments with 2 mM citrate; )d contr6l no
iron), (& 50uM Fe(ID), (f) 50 wM Fe(Il) plus 300nM PIH. Results are
representative of three determinations.

1:2 ratio. This is the stable form of the Fe)lll complex
with PIH (Richardson and Ponka, 1998b; Hermes-Lima et
al., 2000 . The iron—-PIH complexds see Eq) 1 do not
induce mitochondrial lipid peroxidation.

Fe( Il) —citrate+ 2PIH — citrate+ Fe( 1Il)—PIH, (D

3.4. Fe(ll)—citrate autoxidation and O, consumption in-
duced by PIH

The rate of oxidation of Ke ]I to Ke Nl in the presence
of 2 mM citrate (in the absence of mitochondria was
greatly increased by 5@M PIH (Fig. 5. The rate of
Fe(Il) oxidation was even faster in the presence of 300
wM PIH. Hermes-Lima et al( 1998, 1999 have previ-
ously observed that PIH increases the rate df Fe Il oxida-
tion in the absence of citrate. These results indicate that
PIH removes Fe ) from citrate and oxidizes it to a ferric
form (see Eq( 1 above . An unstable complex of Pe II
with PIH is possibly formed before the oxidation of(Fe II
to Fe(1ll) and formation of a Re I —PIKl complek see
Hermes-Lima et al., 2000; Webb and Vitolo, 1988 . In-
deed, addition of 5qQuM Fe(ll) to neutral solutions con-
taining citrate ( 0.5 mN and 10GM PIH led to the
appearance of an absorbance peak characteristic of the
green complex between PIH and(Feé I near 420) nm
(Santos, 1998; Hermes-Lima et al., 1998, 1999 . This peak
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quickly disappeared within 2 min, concomitantly with the concentration of Fe )| in solution6 Hermes-Lima et al.,
appearance of a 476-nm peak characteristic 6f Be Ill -PIH 1999 . The results of the present study Figs. #—6 suggest
(n= 3; data not shown . that PIH removes iron from the Fe)ll —citrate complex and
Since no iron oxidation was observed under anoxic forms an unstable Ke)ll complex with PIH, followed by
conditions (up to 15 min; Fig. )5, the PIH-dependent the oxidation of FE Nl to Fe Il and formation of a
conversion of Fe ) to Fe I)I is a process that requires O Fe(ll)-PIH, complex( Figs. 5 and)6 that is not able to
as an electron acceptor see BEq3. 2 @iyl 3 . Accordingly,initiate ang/or propagate mitochondrial lipid peroxidation.
the rate of @ consumption induced by the autoxidation of Recently, Hermes-Lima et al. 2000 have demonstrated
50 wM Fe(ll) or 50 uM Fe(ll)—citrate ( citrate= 2 mM), that PIH inhibits® OH formatiof measuring 2-deoxyribose
in the absence of mitochondria, was greatly increased bydegradation induced by ascorbate and Fe Il -EDTA or
300 wM PIH (Fig. 6). By increasing the rate of €&l  Fe(lll)-nitrilotriacetic acid by means of removing iron
oxidation to Fé 1), PIH diminished the amount ofF@ Il  from the complex with either EDTA or nitrilotriacetic acid.
(bound to citratg involved in the formation of reactive The resulting complex e Nl —PIH cannot participate in
species, which can initiate the peroxidation of the mito- the Haber Weiss-type reactions involved “i®OH forma-
chondrial membrane. tion.
. . PIH may prevent both the initiation and the propagation
Fe(1l) —citrate+ 2PIH - citrate+ Fe( 1) —PIH, (2 of mitochondrial lipid peroxidation induced by €e Il —
Fe( Il)-PIH, + O, — Fe( lI)-PIH, + O; (3) citrate. The autoxidation of ke)ll —citrate EQ.) 4 ; Fig. 5
may generate reactive species, such as (OH Kachur et al.,
1998, which can initiate the peroxidation of mitochondrial
phospholipids( LB ( Egs( ® and )b . Minotti and Aust
4. Discussion (1987 observed that liposomal peroxidation is initiated by
Fe( Il)—citrate autoxidation. Preliminary results from our
The present study investigated mitochondrial oxidative laboratory( R. Araujo and M. Hermes-Lima, unpublished
damage induced by iron. We observed that PIH protectsindicated that PIH inhibit® OH formatiof measured as
the mitochondrial membrane against lipid peroxidation and 2-deoxyribose degradatibn from the autoxidation of Be Il
consequently protects against a loss of membrane integrity.in phosphate-buffered media. Moreover( Fe Il —citrate and
Fe I)—citrate induces membrane lipid peroxidation with Fe(lll)—citrate may react with preformed lipid peroxides
consequent mitochondrial depolarization and organelle (LOOH), producing either peroxyl LOO or alkoxyl
swelling due to nonspecific permeabilization of the inner species( L®) that feed the propagation procéss Egs.
mitochondrial membrané Castilho et al., 1994 . Addition (7)—(10) . Possibly, Re )l arybr Fe(1ll) chelated by PIH
of 10-300 M PIH to the mitochondrial suspensions are not involved in the propagation steps of mitochondrial
inhibited Fé I) —citrate-mediated mitochondrial swelling, peroxidation, which may partially explain the antiperoxida-
loss of transmembrane potential, TBARS formation, and tive effect of PIH.
0O, consumption during lipid peroxidatiof Figs. D-4 . . : .
Inierestingly, the in vitro antioxidant action of PIH against Fe(Il)—citrate+ O, = — — Fe(lll)—citrate+*OH  (4)

mitochondrial damage was quantitatively similar to that of LH +*OH—L* +H,0 (5)
deferoxaming Hermes-Lima et al., 1995 . . .

Previous results have demonstrated that PIH inhibits L+ 0, ~ 00" + LK (6)
lipid peroxidation in liposomeq induced by iron plus LOO®+LH —LOOH+L® (7)
ascorbatd Schulman et al., 19p5 and retinas induced byre( II)—citrate+ LOOH — Fe( lll)—citrate+ LO®* + HO™
postasphyxia stress in newborn pigs Bhattacharya et al., (8)

1997]. However, the explanations for the antioxidant

mechanism of PIH were only speculative. The results Fe( lll)—citrate+ LOOH — Fe( Il) —citrate+ LOO® + H™
showing that the effectiveness of PIH on TBARS forma- (9)

tion and mitochondrial swelling, Fig.)4 was inversely .

related to the iron concentration suggest that PIH works as LO®* +LH~>LOH+L (10)

an iron chelator with antiperoxidative activity rather than The results presented in this manuscript are of phar-
as a chain-breaking antioxidant. Schulman et(al. 1995 macological importance since the mitochondria are impor-
also observed that the effectiveness of PIH against degra-tant targets of iron-promoted free radical formation and
dation of 2-deoxyribose mediated by (Fe)lll —-EDTA plus lipid peroxidation in diseases related to abnormal intra-
ascorbate was inversely correlated with thé Fg 1l —-EDTA cellular iron distribution andor iron overload, such as
concentration. Moreover, the effectiveness of PIH against hereditary hemochromatosig-thalassemia, Friedreich’s
2-deoxyribose degradation and DMPO hydroxylation in ataxia( Bindoli, 1988; Britton et al., 1994; Stal, 1995; Nair
electron paramagnetic resonance experiments mediated bt al., 1998; Link et al., 1999; Gordon, 2000 and possibly
Fe(l) and H, G was also inversely related to the initial sideroblastic anemi&@ Sheth and Brittenham, 2000 . Iron
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