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During the oxidation of NADH by horseradish perox-
idase (HRP-Fe3þ), superoxide (O�2 ) is produced, and
HRP-Fe3þ is converted to compound III. Superoxide
dismutase inhibited both the generation of O�2 and the
formation of compound III. In contrast, catalase
inhibited only the generation of O�2 . Under anaerobic
conditions, the formation of compound III did not occur
in the presence of NADH, thus indicating that com-
pound III is produced via formation of a ternary
complex consisting of HRP-Fe3þ, NADH and
oxygen. The generation of hydroxyl radicals was de-
pendent upon O�2 and H2O2 produced by HRP-Fe

3þ
-

NADH. The reaction of compound III with H2O2

caused the formation of compound II without gener-
ation of hydroxyl radicals. Only HRP-Fe3þ-NADH
(but not KþO�2 and xanthine oxidase-hypoxanthine)
was able to induce the conversion of metmyoglobin to
oxymyoglobin, thus suggesting the participation of a
ternary complex made up of HRP-Fe2þ. . .O2

. . .NAD.

(but not free O�2 or H2O2) in the conversion of met-
myoglobin to oxymyoglobin. It appears that a cyclic
pathway is formed between HRP-Fe

3þ
, compound III

and compound II in the presence of NADH under aer-
obic conditions, and a ternary complex plays the cen-
tral roles in the generation of O�2 and hydroxyl
radicals.

Keywords: compound III/hydroxyl radical/NAD
radical/peroxidase/superoxide.

Abbreviations: DTPA, diethylenetriaminepentaacetic
acid; ESR, electron spin resonance; HRP,
horseradish peroxidase; HX, hypoxanthine; Mb,
myoglobin; POBN, a-(4-pyridyl-N-oxide)-N-
tert-butylnitrone; SOD, superoxide dismutase; XO,
xanthine oxidase.

It is believed that peroxidases protect cells from the
destructive influence of H2O2 or its derived oxygen
species (1). In the presence of H2O2, peroxidase cata-
lyzes single electron oxidation through the catalytic

cycle as follows (2, 3).

Peroxidase ðferricperoxidaseÞ þH2O2! Compound I

þH2O

Compound IþAH2! AH � þCompound II

Compound IIþAH2! AH � þFerricperoxidase

þH2O

2AH� ! AþAH2

Compound I and II are powerful oxidants that can
cause the oxidation of various substrates.

Alternatively, peroxidases also exhibit an oxidase
activity that mediates the reduction of oxygen to super-
oxide (O�2 ) and H2O2 through the formation of com-
pound III in the presence of NADH (4�7). During the
formation of compound III, hydroxyl radicals (HO.),
which are highly reactive molecules capable of degrad-
ing numerous cellular components, are produced from
the reaction of O�2 and H2O2 (8�10). Schopfer and
colleagues (11�13) suggest that ferric and perferryl
peroxidases constitute effective biochemical catalysts
for production of HO. from H2O2, thus speculating
that compound III can act like a Fenton reagent.

On the other hand, Fujimoto et al. (14�16) showed
that myeloperoxidase efficiently catalyzes the hydrox-
ylation of phenylalanine to tyrosine in the presence of
NADH. They proposed that hydroxyl radicals are pro-
duced through a non�iron-catalyzed mechanism.
Therefore, the precise mechanism(s) by which HO. is
generated by the oxidase activity of peroxidase in the
presence of NADH remains to be determined.

Phagocytic cells such as neutrophils and macro-
phages participate in inflammation and the host de-
fense against microbial challenge (17). The activated
phagocytic cells are drawn to the site of injury, while
secreting superoxide generated through the action of a
membrane-associated NADPH-dependent oxidase
(18, 19). The superoxide then dismutates into hydrogen
peroxide. It is generally recognized that the reaction of
O�2 with H2O2 produces HO. via the iron-catalyzed
Haber�Weiss reaction (20, 21). As such, hydroxyl rad-
icals participate in the bactericidal activity and the
pathology of tissue injury induced by phagocytic cells
(22�26). However, it is unclear whether the formation
of compound III contributes to the generation of HO.

to play a role in either the bactericidal activity or tissue
injury induced by phagocytic cells.

The present study suggests that a cyclic pathway
is formed among HRP-Fe3þ, compound III and
compound II in the presence of NADH under aerobic
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conditions, and a ternary complex indicated as
HRP-Fe2þ. . .O2

. . .NAD. but not NAD radical plays a
central role in the generation of O�2 and HO..

Materials and Methods

Materials
HRP-Fe3þ and NADH were obtained from the
Oriental Yeast Co. (Tokyo, Japan); hypoxanthine
(HX) and diethylenetriaminepentaacetic acid (DTPA)
were from Wako Pure Chemical Industry (Osaka,
Japan); cytochrome c (horse heart), myoglobin (Mb,
equine heart), superoxide dismutase (SOD, bovine
liver) and a-(4-pyridyl-N-oxide)-N-tert-butylnitrone
(POBN) were from Sigma Chemical Co. (St. Louis,
MO, USA). The potassium superoxide (KþO�2 ) was
from Strem Chemicals, Co. (Newburyport, MA,
USA); xanthine oxidase (XO) was from Biozyme
Laboratories Ltd. (Gwent, UK). All other chemicals
were analytical grade products obtained from commer-
cial suppliers. To remove traces of iron, the buffers
used in this study were treated with chelex 100.

Enzyme activity assays
The HRP-Fe3þ concentration was determined spectro-
photometrically ("402¼ 1.02�105M�1 cm�1) (27). The
ratio of the absorbance at 402 nm to that at 280 nm of
the enzyme (Rz value) was 3.0. The activity of
HRP-Fe3þ was measured by using the method re-
ported by Das et al. (28). XO was dialyzed against
10mM phosphate buffer pH 7.4 before use. The
enzyme activity was determined by measurement of
the conversion of HX to uric acid at 293 nm (29).
One unit of XO was defined as that which formed
1.0 mM uric acid /min at pH 7.4.

Measurement of superoxide production
The generation of superoxide was determined by
measuring the reduction of cytochrome c at 550 nm
(30). The reaction mixture contained 2.5 mM
HRP-Fe3þ, 1.0mM NADH and 30 mM cytochrome c
("550¼ 2.78�102cm�1) in 50mM acetate buffer pH 6.0
containing 0.1mM DTPA.

Electron spin resonance (ESR)
The ESR signal of HO. was measured by the method
previously reported by Ramos et al. (31). The reaction
mixture contained 1.3 mM HRP-Fe3þ, 170mM etha-
nol, 10mM POBN and 0.5mMNADH in 50mM acet-
ate buffer containing 0.1mM DTPA. The ESR spectra
of the hydroxyethyl-POBN adduct formed were re-
corded at room temperature in a flat cell. The ESR
setting was as follows: microwave power, 10 mW;
modulation frequency, 100 kHz; modulation field, 0.1
G; receiver gain, 1000 and time constant, 0.3 s.

Reaction of HRP-Fe3þwith NADH
The formation of compounds I, II and III from
HRP-Fe3þ was analysed spectrophotometrically (6).
The reaction mixtures were consisted of 10 mM
HRP-Fe3þ and 0.5mM NADH in 50mM acetate
buffer pH 6.0 containing 0.1mM DTPA. KþO�2 was
diluted with NaCl in a mortar. Powdered KþO�2 was

added to the reaction mixture. The XO-HX system
consisted of 0.025 u/ml XO and 0.1mM hypoxanthine
(HX) in 50mM acetate buffer (pH 6.0) containing
0.1mM DTPA.

Results

Formation of superoxide
As shown in Fig. 1, O�2 was generated during the re-
action of HRP-Fe3þ with NADH (HRP-Fe3þ-NADH)
under aerobic conditions. Superoxide was detected by
the reduction of cytochrome c. When HRP-Fe3þ or
NADH was omitted from the reaction mixture, no
generation of O�2 was observed. The insert in Fig. 1
shows the double reciprocal plots of NADH oxidized
by HRP-Fe3þ. The Km value of HRP-Fe3þ to NADH
was 1.0mM. Fig. 2 shows the inhibitory effect of SOD
and catalase on the reduction of cytochrome c. SOD
scavenged O�2 , and catalase strongly inhibited the gen-
eration of O�2 in a concentration-dependent manner.

Formation of compound III
Fig. 3A shows the formation of compound III from
HRP-Fe3þ in the presence of NADH. Compound III,
which has two characteristic peaks at 546 and 580 nm,
was formed during the reaction of HRP-Fe3þ with
NADH under aerobic conditions. SOD strongly in-
hibited this process, whereas catalase promoted the
formation of compound III. When HRP-Fe3þ was
incubated with NADH under anaerobic conditions,
there was minimal conversion of HRP-Fe3þ to com-
pound III. These results suggest that compound III
was formed through a ternary complex consisting of
HRP-Fe3þ, NADH and oxygen, rather than the reac-
tion of ferroperoxidase with O2.

It was previously assumed that HRP-Fe3þ directly
reacts with O�2 generated by the radio pulse technique

Fig. 1 The generation of O�2 induced during the reaction of

HRP-Fe3þ with NADH. The reaction mixture consisted of
HRP-Fe3þ (2.5 mM), NADH (1.0mM) and cytochrome c (30 mM) in
50mM acetate buffer pH 6.0 containing DTPA (0.1mM). The
generation of O�2 was continuously monitored by measuring the
reduction of cytochrome c at 550 nm. The reaction was started by
addition of HRP-Fe3þ. Solid, dotted and broken lines indicate the
complete reaction mixture, without NADH and without HRP-Fe3þ,
respectively. In insert, conditions were the same as in Fig.1, with the
exception of the concentrations of NADH. Each point represents the
mean of triplicate experiments.
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to produce compound III (32, 33). Fig. 3B shows the
formation of compound III from the reaction of
HRP-Fe3þ with O�2 . When HRP-Fe3þ was incubated
with XO and HX in the presence of catalase, it grad-
ually converted to compound III. About 40% of
HRP-Fe3þ was converted to the compound III at
3min. Over 3min, the compound III slightly decreased
(data not shown). In the absence of catalase, the for-
mation of compound III was not observed in the reac-
tion system of XO-HX (data not shown).

Generation of the hydroxyl radical
Fig. 4A shows that HO. was generated from HRP-
Fe3þ-NADH. The triplet of doublets observed from
the ESR, which corresponds to the hydroxyethyl-
POBN adduct, occurred during the reaction of
HRP-Fe3þ with NADH, in agreement with a previous
report by Chen and Schopfer (13). The omission of
NADH or HRP-Fe3þ led to loss of the ESR signal.
SOD strongly inhibited the formation of HO., and
catalase completely inhibited its formation.

Evidently, the formation of the hydroxyl radical is de-
pendent upon both O�2 and H2O2. Fig. 4B and C shows
that the formation of HO. was dependent upon the
concentrations of HRP-Fe3þ and NADH. The relative
intensities of the ESR signals of HO. increased almost
linearly up to 2.5mM of HRP-Fe3þ and 0.8mM of
NADH, respectively. In addition, the ESR signals of
the hydroxyethyl-POBN adduct did not occur during
the reaction of KþO�2 with H2O2 (data not shown).
Furthermore, no decrease in the absorbance at
340 nm was observed during the incubation of
NADH with KþO�2 or H2O2, indicating that O�2 and
H2O2 did not directly oxidize NADH (data not
shown). These results strongly suggest that the gener-
ation of HO. was not due to a direct reaction of O�2
with H2O2 produced from HRP-Fe3þ-NADH.

Involvement of compound III
I next examined whether HO. was formed or not
during the reaction of compound III with H2O2. As
shown in Fig. 5A, addition of H2O2 caused a gradual

Fig. 3 Formation of compound III during the reaction of HRP-Fe3þ with NADH (A) or XO-HX (B). (A) The reaction mixture contained
HRP-Fe3þ (10 mM) and NADH in 50mM acetate buffer (pH 6.0) containing DTPA (0.1mM). The reaction was started by addition of NADH
(1.0mM). SOD (3mM) and catalase (0.4 mM) were added to the reaction mixture before the start of the reaction. The spectra were recorded at
1min after the start of the reaction. For anaerobic conditions, the solutions of HRP-Fe3þ and NADH were purged with argon gas for 10min and
then the reaction was started by adding NADH to the solution of HRP-Fe3þ. Curve a, HRP-Fe3þ; curve b, HRP-Fe3þ-NADH; curve c, curve
bþ SOD; curve d, curve bþ catalase; and curve e, curve b under anaerobic conditions. (B) The reaction mixture contained HRP-Fe3þ (10mM),
XO (0.025 u/ml), HX (0.1mM), catalase (0.8mM) in 50mM acetate buffer (pH 6.0) containing DTPA (0.1mM). The reaction was started by
adding XO. The spectra were recorded at 0 (solid line), 1 (dotted line) and 3 (broken line) min.

Fig. 2 Inhibitory effects of SOD (A) and catalase (B) on the generation of O�2 from HRP-Fe3þ-NADH. Conditions were the same as described
in Fig. 1 except for the addition of different concentrations of SOD and catalase. Each value represents the mean� standard deviations of
five experiments.
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conversion of compound III to compound II. At 6min
after the start of the reaction, however, the spectrum of
compound III was observed again. Fig. 5B shows that
compound II was converted to HRP-Fe3þ by NADH.
HRP-Fe3þ was in turn converted to compound I by an
equivalent of H2O2, then ferrocyanide converted com-
pound I to compound II. NADH led to conversion of
compound II to HRP-Fe3þ. These results indicate that
compound III was oxidized to compound II by H2O2,
then compound II was reduced to HRP-Fe3þ by
NADH. These reactions may be indicated as follows
in equations (1) and (2):

Compound IIIþH2O2! Compound IIþO2 þH2O

ð1Þ

2Compound IIþNADHþ 4Hþ ! 2HRP� Fe3þ

þ 2H2OþNADþ

ð2Þ

Although data are not shown, when H2O2 was added
to a reaction mixture consisting of HRP-Fe3þ-NADH,

the intensity of the ESR signal was constant up to
0.1mM of H2O2 and decreased at high concentrations
of H2O2, indicating that H2O2 was not responsible for
the enhancement of the ESR signal from HRP-Fe3þ-
NADH.

Reduction of metmyoglobin
To obtain a better understanding of the formation of
HO., the generation of O�2 by the different systems,
HRP-Fe3þ-NADH, KþO�2 and XO-HX, was observed
using metMb. Fig. 6 shows the time course of forma-
tion of oxyMb induced by HRP-Fe3þ-NADH. When
metMb was incubated with HRP-Fe3þ-NADH, it was
gradually reduced to oxyMb, which has two character-
istic peaks at 537 and 576 nm (32). The insert in the
figure shows the change in the absorbance of oxyMb at
576 nm in either the presence or absence of HRP-Fe3þ.
The formation of oxyMb was greatly enhanced by
HRP-Fe3þ. Fig. 7 shows the effects of SOD and cata-
lase on the formation of oxyMb. SOD and catalase
strongly blocked the formation of oxyMb in a
concentration-dependent manner.

Fig. 5 Effect of H2O2 on the production of compound III induced by HRP-Fe3þ-NADH (A) and reduction of compound II by NADH (B). (A) The
reaction mixture contained NADH (0.5mM), HRP-Fe3þ (10 mM) and 0.1mM DTPA in 50mM acetate buffer pH 6 (a, dotted line). The
spectrum of compound III (b, solid line) was recorded at 1min after the addition of NADH. H2O2 (200 mM) was added to the reaction mixture.
After 2 (c, broken line), 4 (d, one dotted solid line) or 6 (e, two dotted solid line) min, the spectra were recorded. (B) The spectrum of HRP-Fe3þ

(10 mM) was recorded first at pH 7.0 of 50mM phosphate buffer (a, solid line). An equimolar of H2O2 was then added to form compound I, and a
scan was recorded (b, dotted line). After 30 s, an equimolar amount of potassium ferrocyanide was added to reduce compound I to compound II.
The scan of compound II was recorded (c, broken line). Finally, NADH (0.5mM) was added to the compound II. The reduction of compound II
to HRP-Fe3þ was observed (d, single dotted solid line).

Fig. 4 Formation of HO
.
during the reaction of HRP-Fe

3þ
with NADH (A) and the effect of concentrations of the HRP-Fe

3þ
(B) or NADH

(C). (A) Conditions were described in the Methods section. a, complete; b, � HRP-Fe3þ; c, � NADH; d, þ SOD (3mM); e, þ catalase (0.4 mM)
and f,þSOD (3mM) and catalase (0.4 mM). (B) and (C) Conditions were the same as described in (A) except for the concentrations of HRP-Fe3þ

and NADH. Each point represents the means� standard deviations of five experiments.
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In contrast, as shown in Fig. 8, neither KþO�2 nor
XO-HX, which are commonly used to generate O�2 ,
increased the formation of oxyMb. In fact, when
KþO�2 reacted with metMb, ferrylMb, which has char-
acteristic peaks at 548 and 582 nm (32), was resulted
(Fig. 8A). Although SOD had no effect on the forma-
tion of ferrylMb, catalase completely blocked the con-
version of metMb to ferrylMb. Essentially, the same
results were obtained using XO-HX (Fig. 8B). Even
when catalase was presented, neither KþO�2 nor
XO-HX led to the production of oxyMb from
metMb. Evidently, only HRP-Fe3þ-NADH partici-
pates in the formation of oxyMb, and XO and HX
are not involved in this process. These results indicate
that the formation of oxyMb from metMb was not due
to O�2 or H2O2 by itself. It is likely that
HRP-Fe2þ. . .O2

. . .NAD. like NAD radical participated
in the conversion of metMb to oxyMb induced by
HRP-Fe3þ-NADH.

Discussion

The present study suggests that a ternary complex
(HRP-Fe2þ. . .O2

. . .NAD.) plays a central role in the
generation of O�2 and HO. during the reaction of
HRP-Fe3þ with NADH under aerobic conditions.
Immediately after the reaction with NADH under aer-
obic conditions, HRP-Fe3þ is converted to compound
III. SOD strongly inhibited both the reduction of cyto-
chrome c and the formation of compound III. Catalase
inhibited only the generation of O�2 and promoted the
formation of compound III, indicating that compound
III reacted with H2O2. Evidently, the production of
most of the O�2 was dependent upon H2O2, but the
formation of compound III occurred independently
of H2O2. Compound III seems to be formed via a
reaction that generates O�2 and is not inhibited by cata-
lase. Under anaerobic conditions, the formation of fer-
roperoxidase was not observed. These results suggest
that compound III may be produced via the formation

of ternary complex consisting of HRP-Fe3þ, NADH
and O2 and that this process does not occur through
the reaction of ferroperoxidase with O2.

It has previously been shown that compound III is
formed through the direct reaction of peroxidase with
O�2 (33�37). Indeed, O�2 generated by XO-HX caused
the conversion of HRP-Fe3þ to compound III.
However, it is unlikely that most of the formation of
compound III was due to O�2 because even when the
generation of O�2 was strongly inhibited by catalase,
the formation of compound III occurred. As a result,
the contribution of O�2 to the formation of compound
III may therefore have been quite small.

Afanasyeva et al. (4) suggested a pathway that
begins one electron transfer from NADH to
HRP-Fe3þ to form the NAD radical and compound
III. Formation of O�2 , which was produced during the
formation of compound III, should thus be closely
correlated with the generation of the NAD radical.
However, compound III was formed concomitantly
with the generation of O�2 through interaction of
HRP-Fe3þ and NADH with O2. Recognizable spectral
change did not occur during the reaction of HRP-Fe3þ

with NADH under anaerobic conditions. Therefore, it
appears that a ternary complex consisting of
HRP-Fe2þ. . .O2

. . .NAD. participates in the generation
of O�2 and the formation of compound III. These pro-
cesses were illustrated in Fig. 9.

Firstly, oxygen may be fixed between NADH and
ferric iron in the haem of HRP. One electron may
then be transferred from NADH to O2, and then O2

can subsequently be reduced to O�2 . The O
�
2 may trans-

fer to the haem of HRP, thus leading to its conversion
to compound III (HRP-Fe2þO2). Another O2 may be
incorporated between the NAD radical and the haem
in compound III, thus resulting in the production of
O�2 , NADþ and compound III.

The generation of hydroxyl radicals is found to be
dependent upon O�2 and H2O2 because SOD and cata-
lase inhibited the formation of HO.. However, it is
unlikely that the HO. are formed from H2O2 and O�2
by the iron-catalyzed Haber�Weiss reaction because
even small traces of iron in the buffer used in this

Fig. 6 Time course of the formation of oxyMb from metMb induced

by HRP-Fe
3þ
-NADH. The reaction mixture contained HRP-Fe3þ

(2.5 mM), NADH (1.0mM) and metMb (30 mM). Other conditions
were as described in Fig. 1. The reaction was started by addition of
NADH. Numbers in the figure refer to the incubation time (min).
After incubating, the spectra of Mb were recorded. The insert indi-
cated a continuous increase in the absorbance at 576 nm in the
presence (a, solid line) or absence (b, dotted line) of HRP-Fe3þ.

Fig. 7 Inhibitory effects of SOD and catalase on the formation of

oxyMb. The conditions were the same as described in the insert (a) of
Fig.6 except for the addition of SOD and catalase. The formation of
oxyMb was measured by absorbance at 576 nm. Each value repre-
sents the mean� standard deviations of five experiments.
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study are removed by chelex-100, and DTPA, which is
an inhibitor of Haber�Weiss reaction (38). Further
demonstrating this fact, the ESR signal for HO. was
not observed during the reaction of KþO�2 with H2O2

(data not shown).
Chen and Schopfer (13) suggest that compound III

catalyzes the formation of HO. during the reaction
with H2O2. In the present study, the formation of
HO. was dependent upon the concentrations of
HRP-Fe3þ and NADH. However, I note that H2O2

caused changes in the spectrum of compound III to
compound II without any enhancement of the forma-
tion of HO..

MetMb was converted to oxyMb during the reaction
of HRP-Fe3þ with NADH. SOD and catalase strongly
inhibited the formation of oxyMb. In contrast, KþO�2
or XO-HX did not induce the formation of oxyMb. It

was therefore concluded that the formation of oxyMb
from metMb was not due to free O�2 or H2O2 itself.
It is known that HO. is generated from the reaction
of a semiquinone radical with H2O2 via a non-
Haber�Weiss reaction (39). The chemical structure of
the NAD radical is similar to a semiquinone. It can be
inferred that if the properties of the NAD radical
are similar to those of semiquinone radicals, HO.

may be generated via the non-Haber�Weiss reaction
as follows:

NAD � þH2O2! NADþ þHO � þOH� ð3Þ

However, it is unlikely that the process represented in
equation (1) contributed to HO. formation by
HRP-Fe3þ-NADH, because if this was the case, SOD
should not inhibit the formation of HO. from

Fig. 9 The mechanism by which the generation of O�2 is induced by HRP-Fe3þ-NADH.

Fig. 8 Oxidation of metMb by KþO�2 (A) and XO-HX (B). Experimental conditions were the same as described in Fig.6 except for the addition of
HRP-Fe3þ-NADH. In (A) KþO�2 (10mM) was added to the reaction mixture. After the incubation for 1min, the spectra of Mb were recorded.
Curve a, metMb; curve b, curve aþKþO�2 ; curve c, curve bþ SOD (3mM); and curve d, curve bþ catalase (0.4 mM). In (B), XO (0.025 u/ml)-HX
(0.1mM) was added to the reaction mixture. After the incubation for 5min, the spectra of Mb were recorded. Curve a, metMb; curve b, curve
aþXO-HX; curve c, curve bþSOD (3mM); and curve d, curve bþ catalase (0.4mM).
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HRP-Fe3þ-NADH. Under aerobic conditions, semi-
quinones can reduce metMb, while SOD inhibits the
reduction of methemoglobin (40). These findings
strongly suggest that a ternary complex consisting of
HRP-Fe2þ. . .O2

. . .NAD. like the NAD radical plays a
central role in the formation of HO., the production
of oxyMb from metMb and the reduction of O2.
Hydroxyl radicals, O�2 and oxyMb may be produced
through the reaction of the ternary complex with
H2O2, O2 and metMb, respectively, as follows in equa-
tions (4) to (6):

HRP� Fe2þ � � �O2 � � �NAD � þH2O2

! HO � þO�2 þNADþ þHRP� Fe3þ
ð4Þ

HRP� Fe2þ � � �O2 � � �NAD � þO2! O�2

þ compound IIIþNADþ
ð5Þ

HRP� Fe2þ � � �O2 � � �NAD � þO2 þmetMb

! oxyMbþNADþ þ compound III
ð6Þ

The overall reaction of HRP-Fe3þ with NADH is
shown in Fig. 10 in which a cyclic pathway may be
formed between HRP-Fe3þ, compound III and com-
pound II in the presence of NADH under aerobic con-
ditions. Superoxide may only partially contribute to
the formation of compound III and most of them
may dismutate to H2O2 as follows:

HRP� Fe3þ þO�2 ! compound III ð7Þ

2O�2 þ 2Hþ ! H2O2 þO2 ð8Þ

SOD and catalase inhibit the cyclic pathway through
preventing of the formation of the HRP-
Fe2þ. . .O2

. . .NAD. or blocking the reaction with the
HRP-Fe2þ. . .O2

. . .NAD. by scavenging O�2 and H2O2.
Although I did not investigate their importance

during the present study, other peroxidases such as
lactoperoxidase and myeloperoxidase also produced
HO. in the presence of NADH. Winterbourn (41)
demonstrated that myeloperoxidase acted as an effect-
ive inhibitor to HO. produced from XO-HX in the
presence of Fe3þ-EDTA through the breakdown of

H2O2. In the system, myeloperoxidase blocks the gen-
eration of HO. by scavenging O�2 . However, the pre-
sent data indicated that HRP-Fe3þ was converted to
compound III with the generation of O�2 in the pres-
ence of NADH. The ability to generate HO. is different
between peroxidases (13).
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