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ABSTRACT: The heme-containing respiratory protein, myoglobin (Mb), best known for oxygen storage,
can exhibit peroxidase-like activity under conditions of oxidative stress. Under such circumstances, the
initially formed ferric state can react with H2O2 (or other peroxides) to generate a long-lived ferryl
[Fe(IV)dO] Compound II (Cpd II) heme intermediate that is capable of oxidizing a variety of biomolecules.
In this study, the ability of Mb Cpd II to catalyze the oxidation of carcinogenic halophenols is demonstrated.
Specifically, 2,4,6-trichlorophenol (TCP) is converted to 2,6-dichloro-1,4-benzoquinone in a H2O2-dependent
process. The fact that Mb Cpd II is an active oxidant in halophenol dehalogenation is consistent with a
traditional peroxidase order of addition of H2O2 followed by TCP. With 4-chlorophenol, a dimerized
product is formed, consistent with a mechanism involving generation of a reactive phenoxy radical
intermediate by an electron transfer process. The radical nature of this process may be physiologically
relevant since recent studies have revealed that phenoxy radicals and electrophilic quinones, specifically
of the type described herein, covalently bind to DNA [Dai, J., Sloat, A. L., Wright, M. W., and Manderville,
R. A. (2005)Chem. Res. Toxicol. 18, 771-779]. Thus, the stability of Mb Cpd II and its ability to oxidize
TCP may explain why such compounds are carcinogenic. Furthermore, the initial rate of dehalogenation
catalyzed by Mb Cpd II is nearly comparable to that of the same reaction carried out by turnover of the
ferric state, demonstrating the potential physiological danger of this long-lived, high-valent intermediate.

Myoglobin (Mb)1 is an intracellular, heme-containing
oxygen storage protein found in skeletal, cardiac (1), and
smooth muscles (2). Its primary function as an O2 storage
reservoir in the ferrous [Fe(II)] oxidation state is well-
established. However, under conditions of oxidative stress,
oxygen-bound Mb can autoxidize to ferric [Fe(III)] Mb, the
reaction of which with peroxides in the presence and absence
of substrates has been thoroughly investigated (3-12).
Fe(III) Mb reacts with H2O2 by heterolytic O-O bond
cleavage to form a transient two-electron ferryl [Fe(IV)d
O] intermediate known as Compound I (Cpd I) [Fe(IV)d
O/porphyrinπ-cation radical] (6-8). Compound ES (Cpd
ES) [Fe(IV)dO/amino acid radical] forms rapidly as a result
of transfer of the radical to an adjacent amino acid residue
before being reduced to Compound II (Cpd II) [Fe(IV)dO]
(6, 7, 13). Herein, we demonstrate the ability of Fe(IV)dO

Mb intermediates to catalyze the oxidative dehalogenation
of halophenol substrates.

The first enzymatic globin discovered, dehaloperoxidase
(DHP) from the terebellid polychaeteAmphitrite ornata,
catalyzes the H2O2-dependent oxidative dehalogenation of
halogenated phenols to yield the corresponding quinones
(14-17) (eq 1).

The three-dimensional fold of DHP is nearly isomorphic with
Mb (18), and this fact motivated us to examine whether Mb
will also oxidatively dehalogenate halophenols. The DHP
dehalogenation mechanism has been investigated, yet remains
unresolved (15, 17, 19). Enzymatic assays suggest that the
mechanism is similar to that for the same reaction catalyzed
by Caldariomyces fumagochloroperoxidase (CCPO) (20),
horseradish peroxidase (HRP) (21), and lignin peroxidases
(22, 23), which has been proposed to involve two, one-
electron transfer steps mediated successively by Cpd I and
Cpd II (20). In this mechanism, the new oxygen atom in the
quinone product is derived from a solvent water molecule.
Interestingly, an obligatory order of addition involving
substrate binding before peroxide that is contradictory to
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those of all other known peroxidases (24) has recently been
proposed for DHP-catalyzed reactions (17).

Mb Cpd II is a relatively long-lived intermediate in the
absence of substrate, and oxidative stress-induced formation
of Fe(IV)dO globins has been implicated in a variety of
diseases. For example, an increased amount of Fe(III) Mb
is observed in blood under conditions of oxidative stress (25).
It will react with peroxides to initiate the oxidation of lipids
and can also consume lipid hydroperoxides, leading to a
cascade of additional oxidative events, including the forma-
tion of isoprostanes (26-29). Additionally, rhabdomyolysis
is the consequence of kidney damage caused in part by Fe-
(IV)dO Mb, which is released into the blood as a result of
muscle injury (30). Also, subarachnoid hemorrhaging results
in the discharge of cerebrospinal fluid in the brain containing
hemoglobin significantly damaged by peroxide (31).

Chlorinated phenols are common in the pesticide industry
and can be found in domestic wastewater (32). They are
considered toxic, and many exhibit carcinogenic traits. More
specifically, 2,4,6-trichlorophenol (TCP) is used as an
antiseptic, in pesticides, and as a preservative in wood,
leather, and fabric industries. It is also a synthetic precursor
of pentachlorophenol, another suspected carcinogen. Ad-
ditionally, mice exposed to TCP developed leukemia,
malignant lymphoma, and soft tissue sarcomas. Conse-
quently, the EPA has classified TCP as a Group B2 or
probable human carcinogen (33, 34). Phenols can undergo
a one-electron oxidation to form highly reactive phenoxy
radicals, and such radicals have been implicated in glu-
tathione oxidation (35, 36) as well as in lipid, protein, and
DNA damage (37-39). Recent studies by Manderville and
co-workers have shown that phenoxy radicals and 1,4-
benzoquinones can covalently modify DNA following ac-
tivation by heme-containing peroxidase enzymes or redox-
active transition metals (40, 41). Specifically, phenoxy
radicals have been shown to bind covalently with the C8
position of deoxyguanosine, yielding both oxygen- and
carbon-bound adducts (41).

Herein, we demonstrate the catalytic ability of horse heart
Mb to oxidatively dehalogenate halophenols to the corre-
sponding quinone products by way of a radical intermediate.
4-Chlorophenol has been used as a mechanistic probe, and
the dimeric product that is formed supports an electron
transfer mechanism. Additionally, the Fe(IV)dO moiety of
Mb Cpd II catalyzes the same oxidative dehalogenation
reaction, which suggests that it is an efficient and active
oxidant. The potential health risks from toxic chlorinated
phenols entering the body through water or food intake are
explained here by the formation of reactive phenoxy radicals
and quinone products in the presence of Mb Cpd II.

EXPERIMENTAL PROCEDURES

Materials and Instrumentation.Reagent-grade chemicals
(Aldrich, ACROS, or Fisher) were used without further
purification except for potassium ferricyanide, which was
recrystallized from water. H2O2 was taken from a 30% stock
solution. Myoglobin (Mb) (horse heart type III) was pur-
chased from Sigma. UV-vis absorption spectra were mea-
sured using a Cary 400 spectrophotometer interfaced with a
Dell personal computer.

Preparation of Samples.Mb was completely oxidized to
the ferric state by treatment with potassium ferricyanide,

followed by desalting with a P-6 DG (Bio-Rad) column in
100 mM potassium phosphate buffer at pH 7.0 and 4°C
(no glycerol or EDTA present). Mb concentrations were
determined using published molar absorptivities (ε409 ) 170
mM-1 cm-1) (42). Fresh 10 mM H2O2 stocks in deionized
water were made daily, and H2O2 concentrations were
confirmed spectrophotometrically using anε240 of 39.4 M-1

cm-1. Halophenol stocks (10 mM) were made in a 50/50
ethanol/deionized H2O mixture. 4-Chloro-, 2,4,6-trichloro-,
and 4-chloro-3,5-dimethylphenol were the substrates used
for this study.

Dehaloperoxidase ActiVity Assay. UV-vis absorption
spectroscopy was used to assay for dehaloperoxidase activity
using H2O2 to initiate the reaction. The ability of Mb to
dehalogenate 2,4,6-trichlorophenol (TCP) was followed by
addition of four equal aliquots (one total equivalent) of H2O2

(250µM) to a cuvette containing protein (20µM) and TCP
(250µM). UV-vis absorption spectra were recorded before
the addition of H2O2 and 45 min after the addition of each
H2O2 aliquot. The reactions were carried out in a 0.5 cm
cuvette in 100 mM potassium phosphate buffer at pH 7.0
and 4°C.

Gas Chromatography-Mass Spectrometry Analyses.A
HP-5890 Restek RTX-5 GC capillary column (30 m× 0.32
mm) was used for detection of the product(s). The initial
temperature of the column was set at 50°C for 2 min, and
the temperature was subsequently increased at a rate of 10
°C/min up to a final temperature of 300°C and held for 10
min. MS detection was in the electron impact (EI) ionization
mode, and a VG70S mass spectrometer scanning from 50
to 450 amu was used for product identification. Authentic
samples of 2,6-dichloro-1,4-benzoquinone and 2,6-dimethyl-
1,4-benzoquinone gave essentially identical GC retention
times and mass spectral fragmentation patterns.

Peroxidase ActiVity Assay.Turnover measurements ([en-
zyme]) 5-40.0µM) were carried out directly in a 0.5 cm
cuvette by monitoring the change in absorbance at 272 nm
for the appearance of quinone products (ε272 ) 14 mM-1

cm-1). The turnover number was determined by calculating
the velocity from the initial linear portion of the trace at 272
nm as a function of H2O2 concentration (0-2 mM). For each
set of reaction conditions, 10 individual reactions were
performed and then averaged to determine the velocity at
the varying H2O2 concentrations.

Single-TurnoVer Assay.To determine the rate of dehalo-
genation catalyzed by Mb Cpd II, the Fe(IV)dO state was
formed by addition of a near-equimolar amount of ferric Mb
(60 µM) to H2O2 (65 µM) (delay time∼ 10 min) before the
reaction was quenched with TCP (150µM). Ten individual
reactions were performed and then averaged to determine
the initial rate which was calculated from the initial linear
portion of the trace at 272 nm.

Myoglobin Compound II ActiVity and Stability Assays.The
reaction of ferric Mb (50µM) with a 1.2-fold molar excess
of H2O2 (60 µM) was monitored spectrophotometrically at
422 nm versus time to illustrate the stability of Mb Cpd II.
Mb Cpd II was generated as described above and reacted
with 4-chloro-3,5-dimethylphenol. The organic products were
identified by gas chromatography and mass spectrometry.
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RESULTS AND DISCUSSION

The ability of horse heart myoglobin (Mb) to catalyze the
oxidative dehalogenation of halophenol substrates under
conditions of oxidative stress has been investigated. The
results herein show that the long-lived, stable Mb Compound
II (Cpd II) is potentially responsible for oxidizing halophe-
nols into DNA-alkylating radicals and quinones. Addition-
ally, the order of addition of substrate [2,4,6-trichlorophenol
(TCP)] versus cosubstrate (H2O2) has been examined.
Functional analyses for the dehalogenation activity of Mb
include UV-visible (UV-vis) absorption spectrophotometry,
gas chromatography-mass spectrometry (GC-MS), and
kinetic assays for probing how Mb catalyzes the same
reactions as traditional peroxidases (20-24) and the enzy-
matic globin, dehaloperoxidase (DHP) (14). UV-vis absorp-
tion spectra collected during manual mixing experiments for
the Mb-catalyzed oxidative dehalogenation of TCP (250µM)
initiated by H2O2 are displayed in Figure 1. A higher
concentration of Mb was used in this assay to more
accurately represent physiological conditions and to monitor
the Soret band of Mb upon reaction with H2O2. One total
equivalent of H2O2 was added to the reaction mixture in four
equal aliquots (4× 62.5 µM aliquots). Upon addition of
H2O2, the magnitude of the absorption band for TCP (310
nm) decreased and those for 2,6-dichloro-1,4-benzoquinone
(DBQ) (272 nm, 342 nm) increased. UV-vis absorption
spectra were collected∼45 min after addition of each H2O2

aliquot, resulting in the regeneration of ferric [Fe(III)] Mb
and the gradual conversion of TCP to DBQ. The formation
of the product required almost exactly 1 equiv of H2O2 per
TCP molecule that is oxidized. Since this is a two-electron
process, the observed stoichiometry strongly suggested that
both Mb ferryl [Fe(IV)dO] species (i.e., Cpd I/ES and II)
participate in the reaction. The participation of a peroxyl
radical in the first step of the oxidative dehalogenation of
TCP is posible (43). A near-linear correlation of DBQ formed
to hydrogen peroxide consumed is displayed (Figure 1, inset).
As a control, TCP was incubated with excess H2O2 overnight,
and no DBQ was detected (data not shown).

The formation of DBQ in Figure 1 is based on the
appearance of its characteristic UV-vis absorption spectrum

(15, 20, 21). At physiological pH, DBQ is insufficiently
stable for GC-MS analyses. However, reaction of 4-chloro-
3,5-dimethylphenol with Fe(III) Mb in the presence of H2O2

led to formation of the more stable 2,6-dimethyl-1,4-
benzoquinone, which could be extracted and identified by
GC-MS analysis (Figure 2). Additionally, the same product
was identified when Mb, pre-reacted with H2O2 for 30 min
to ensure homogeneous Cpd II formation, was treated with
4-chloro-3,5-dimethylphenol (Figure 2). This clearly dem-
onstrates that Mb Cpd II can catalyze the oxidative dehalo-
genation of halophenol substrates. The mass spectra of the
observed product are in agreement with those of authentic
standards, and the spectral characteristics are similar to those
previously reported for the quinone product identified by
GC-MS for similar reactions catalyzed by HRP (21).

The mechanism of oxidative halophenol dehalogenation
by several peroxidases is currently under investigation (vide
supra). The data support an electron transport mechanism
involving both Cpds I and II, i.e., two consecutive one-
electron steps. This conclusion is based on the use of
p-halophenols as mechanistic probes of the dehaloperoxidase
activity of C. fumagochloroperoxidase (CCPO) (20). Both
1,4-benzoquinone and a dimeric product were detected after
reaction of CCPO with 4-chlorophenol; formation of the
dimeric product is consistent with the involvement of radicals
during the reaction. The same products were identified for
the Mb-catalyzed reaction (Figure 3). The structure of the
dimer shown (Figure 3A) is based on the proposed halophe-
nol radical intermediate (20).

The formation of DBQ can be monitored spectrophoto-
metrically at 272 nm as a function of time (Figure 4). The
rate of Mb dehalogenation is 270-fold slower than that for
the same reaction catalyzed by DHP (15) and even slower
than that catalyzed by CCPO (Table S1 of the Supporting
Information) (20) and horseradish peroxidase (HRP) (15, 21).
Furthermore, examination of the spectrum during the linear
phase of turnover experiments reveals that the predominant
species is Mb Cpd II (Figure S1 of the Supporting Informa-
tion). The variation in rates is likely due to differences in
the catalytically important active site residues. For example,
the proximal histidine ligands of Mb and DHP do not contain

FIGURE 1: UV-visible absorption spectra of the reaction of ferric
horse heart myoglobin (20µM) with 2,4,6-trichlorophenol (TCP)
(250µM) initiated by H2O2 (four 62.5µL aliquots; 250µM total)
in 100 mM potassium phosphate buffer (pH 7.0) at 4°C. Each
spectrum was recorded 45 min after H2O2 addition. The inset shows
the formation of 2,6-dichloro-1,4-benzoquinone (micromoles) plot-
ted as a function of the amount of H2O2 consumed (micromoles).

FIGURE 2: Mass spectrum of 2,6-dimethyl-1,4-benzoquinone
extracted with ethyl acetate from the ferric horse heart myoglobin
(5 µM)/4-chloro-3,5-dimethylphenol (250µM)/H2O2 (500 µM)
reaction mixture in 100 mM potassium phosphate buffer (pH 7.0)
at 4°C; the reaction time was 1 h. The same product was identified
when myoglobin Compound II was initially formed (ferric myo-
globin reacted with H2O2 for 30 min) and reacted with 4-chloro-
3,5-dimethylphenol.

Myoglobin-Catalyzed Halophenol Dehalogenation Biochemistry, Vol. 46, No. 34, 20079825



a hydrogen bond to an aspartate residue, as found in most
traditional histidine-ligated peroxidases such as HRP, and
they are thought to impart the “push” of electron density
through the heme iron to facilitate O-O bond cleavage upon

reaction with H2O2 (24). Additionally, the distal histidine of
Mb is in position to stabilize O2, whereas the distal histidine
of DHP is in the typical “peroxidase” position to activate
H2O2 (6-8, 18). Mb and DHP also lack the conserved distal
arginine residue thought to stabilize the developing negative
charge during O-O bond cleavage. These active site
structural differences likely explain the slow catalytic activity
of Mb (24).

Mb is known to form a two-electron oxidized Fe(IV)dO
intermediate over the Fe(III) heme with the radical located
on an amino acid residue (43-47). The fate of the amino
acid radical depends on the particular Mb being studied. The
radical species of sperm whale Mb has been shown to result
in a tryptophanyl radical, a peroxyl radical, two distinct
tyrosyl radicals, and a dimerized protein product formed
between two tyrosine residues (45). Human ferryl Mb
undergoes an intramolecular electron transfer process, result-
ing in a cysteine thiyl radical (46). The formation of a tyrosyl
radical and a peroxyl radical as a result of reaction of horse
heart Mb with H2O2 and O2 has also been reported (43, 46).
The tyrosyl radical of horse heart Mb is essentially gone 10
min after the addition of H2O2 (47). Thus, formation of
homogeneous Mb Cpd II can be achieved by mixing Fe(III)
Mb with H2O2 for at least 10 min before reacting it with
substrate.

Mb Cpd II is poised to carry out transformations charac-
teristic of peroxidases if the nature of the substrate is suitable
for donating electrons to reduce the Mb Cpd II intermediate.
Furthermore, it is remarkably stable. Monitoring the Soret
absorption peak (λ422) versus time (i.e., 1 h) did not result
in any noticeable spectral changes (data not shown). Thus,
the stability of this Fe(IV)dO intermediate could be poten-
tially responsible for adverse physiologically relevant reac-
tions. To test this idea, Fe(III) Mb was reacted with a slight
excess of H2O2 for 10 min to generate homogeneous Mb
Cpd II (vide supra), followed by substrate addition. After
addition of TCP, the formation of DBQ was monitored at
272 nm as a function of time (Figure 5, inset). The increase
in absorbance at 272 nm reveals that Mb Cpd II itself is an

FIGURE 3: (A) Mass spectrum of the proposed structure of the
p-chlorophenol dimer extracted with ethyl acetate from the horse
heart myoglobin (5µM)/4-chlorophenol (250µM)/H2O2 (500µM)
reaction mixture in 100 mM potassium phosphate buffer (pH 7.0)
at 4°C. The pH of the reaction mixture was lowered with 100 mM
hydrochloric acid before extraction. (B) Mass spectrum of 1,4-
benzoquinone extracted with ethyl acetate from the horse heart
myoglobin (5 µM)/4-chlorophenol (250µM)/H2O2 (500 µM)
reaction mixture in 100 mM potassium phosphate buffer (pH 7.0)
at 4 °C; the reaction time was 1 h.

FIGURE 4: UV-visible absorption kinetic assay monitored at 272
nm of formation of 2,6-dichloro-1,4-benzoquinone as a result of
the myoglobin (30µM)/2,4,6-trichlorophenol (286µM)/H2O2 (500
µM) reaction mixture in 100 mM potassium phosphate buffer (pH
7.0) at 4°C. The reaction was designed so that an absorbance of
∼2 corresponded to complete conversion of 2,4,6-trichlorophenol
to 2,6-dichloro-1,4-benzoquinone.

FIGURE 5: UV-visible absorption spectrum of myoglobin Com-
pound II formed as a result of ferric myoglobin (60µM) being
incubated with H2O2 (65 µM) for 10 min in 100 mM potassium
phosphate buffer (pH 7.0) at 4°C (black trace). The inset shows
the results of an UV-visible absorption kinetic assay monitored
at 272 nm and 4°C for formation of 2,6-dichloro-1,4-benzoquinone
as a result of addition of 2,4,6-trichlorophenol (150µM) to
myoglobin Compound II generated by addition of H2O2 (65 µM)
to myoglobin (60µM) in 100 mM potassium phosphate buffer (pH
7.0) at 4°C.
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active oxidant for conversion of TCP to DBQ. Consistent
with this proposal, we find that the initial rate of the reaction
of Mb Cpd II with TCP is nearly comparable to that of the
ferric protein under turnover conditions (Table S1 of the
Supporting Information). Single-turnover experiments re-
sulted in formation of nearly 0.5 equiv of DBQ after reaction
of 1 equiv of TCP with 1 equiv of Mb Cpd II (Figure 5,
inset). Furthermore, ferric Mb is regenerated upon reduction
of Mb Cpd II by TCP. The ability of Mb Cpd II to catalyze
the oxidative dehalogenation of halophenols is consistent
with a mechanism involving two one-electron steps.

Presumably, Fe(III) Mb undergoes a two-electron oxida-
tion upon reaction with H2O2 to transiently form Mb Cpd I,
which rapidly oxidizes a nearby amino acid residue (i.e.,
tyrosine) to form Mb Cpd ES [Fe(IV)dO/Tyr•] (Scheme 1A)
(44), in a manner similar to the mechanism observed for
cytochromec peroxidase (24). The data in Figure 1 show
that Mb Cpd I (or ES) is capable of carrying out the first of
the two one-electron oxidations of the dehalogenation
mechanism (Scheme 1B). Alternatively, the tyrosine radical
is quenched by solvent to yield the Mb Cpd II state (43, 46,
47), which is reduced back to the Fe(III) state with
concomitant oxidation of TCP, presumably while generating
a trichlorophenoxy radical (Scheme 1C). A second equivalent
of Mb Cpd II reacts with the radical intermediate, yielding
Fe(III) Mb and the proposed 2,4,6-trichlorocyclohexadienone
cation (Scheme 1D). A solvent water molecule is likely the
source of the second oxygen atom in the quinone product

(Scheme 1D), which has been suggested when the reaction
is catalyzed by CCPO or HRP (20, 21).

Interestingly, the mechanism of Mb-catalyzed dehaloge-
nation reactions appears to be similar to that of the same
reactions catalyzed by the enzymatic globin, DHP. However,
the active site of Mb is designed to bind O2, while a substrate
binding pocket exists near the active site of DHP (18). Thus,
Mb most likely catalyzes this reaction by an outer sphere
electron transfer process. Substrate binding prior to H2O2

has been proposed to be obligatory for DHP catalysis (17).
In contrast, the fact that Mb Cpd II is an active oxidant in
halophenol dehalogenation (Figure 5, inset) is consistent with
a traditional peroxidase order of addition (24) of H2O2

followed by TCP.
In summary, Mb catalyzes the oxidative dehalogenation

of halophenol substrates under conditions representative of
oxidative stress. We have reported results that implicate
higher valent states of Mb (i.e., Cpd I or ES and Cpd II),
although only Cpd II is stable enough to be analyzed
spectrophotometrically. Furthermore, TCP can be completely
converted to 2,6-dichloro-1,4-benzoquinone (DBQ) by 2
equiv of Mb Cpd II, a result consistent with a mechanism
involving two one-electron steps and H2O2 addition first. The
dehalogenation of TCP therefore likely involves trichlo-
rophenoxy radical formation en route to the DBQ product
(Scheme 1). The generation of phenoxy radicals and quinones
as a result of peroxidase catalysis demonstrates the potential
danger of these reactive compounds as they have been shown

Scheme 1 : (A) Reaction of Ferric Myoglobin with H2O2 Resulting in a Very Short-Lived Compound I State, Which Quickly
Oxidizes an Adjacent Amino Acid (Tyr) To Generate Myoglobin Compound ES, (B) Reaction of either Myoglobin Compound I
or Compound ES with 2,4,6-Trichlorophenol Generating Ferric Myoglobin and a 2,4,6-Trichlorophenoxy Radical, (C) Formation
of Myoglobin Compound II as a Result of Reduction of Compound ES and Reaction of Compound II with
2,4,6-Trichlorophenol Resulting in Ferric Myoglobin and a 2,4,6-Trichlorophenoxy Radical, and (D) Reaction of a Second
Equivalent of Myoglobin Compound II with a 2,4,6-Trichlorophenoxy Radical Yielding Ferric Myoglobin and the Proposed
2,4,6-Trichlorocyclohexadienone Cation and Reaction of the Proposed 2,4,6-Trichlorocyclohexadienone Cation with a Solvent
Water Molecule To Yield 2,6-Dichloro-1,4-benzoquinone

Myoglobin-Catalyzed Halophenol Dehalogenation Biochemistry, Vol. 46, No. 34, 20079827



to react covalently with DNA (40). The same radical
intermediates and quinone products form as the result of
reaction of TCP with Mb in the presence of H2O2. Further-
more, while the active oxidizing intermediates of peroxidase
enzymes are typically short-lived, Mb Cpd II is very stable.
Thus, the stability of Mb Cpd II and its reactivity in forming
phenoxy radicals and quinones known to alkylate DNA
reveal the potential human health hazards this species poses
when exposed to toxic compounds like TCP, especially in
the absence of antioxidants.
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