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Captopril and mesna are molecules with a free thiol group, used as active ingredients due to their
hypotensor and mucolytic properties, respectively. These compounds cross the hematoencephalic
barrier and, due to the reactivity of their thiol group, can form adducts with the o-quinones formed
during the oxidation of mono- and o-diphenols. Polyphenol oxidase from plants and fungi can be
used as a tool for generating o-quinones in their action on o-diphenols and facilitate the formation of
adducts in the presence of captopril or mesna. The spectrophotometric characterization of these
adducts is useful from several points of view. Here, using the end-point method, which involves the
exhaustion of oxygen in the medium, we determined the molar absorptivity of the adducts of different
o-diphenols with captopril and mesna. Besides the analytical interest of this approach, we also use
it to make a kinetic characterization of polyphenol oxidase as it acts on o-diphenolic substrates that
produce unstable o-quinones.
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INTRODUCTION

o-Diphenol oxidation by dissolved oxygen can be catalyzed
enzymatically or nonenzymatically (autoxidation). The enzyme
classically associated with o-diphenol oxidation is tyrosinase
or polyphenol oxidase (PPO), an enzyme widely distributed
across the phylogenetic scale. In humans, it is found in skin,
eyes, and other locations, although there is controversy concern-
ing whether or not it is found in brain (1-3).

All the o-quinones derived from the oxidation of monophenols
and o-diphenols are unstable and susceptible to external
nucleophilic additions, especially in the C5, C2, and C6
positions, where adducts are formed (4). The thiol groups of
amino acids, such as cysteine and glutathione, are 3-4 orders
of magnitude more reactive than amino nucleophilic groups (5).
Indeed, the thiolate group is added to o-quinones even more
rapidly than o-quinones are reduced by ascorbate (5). The
addition of an external nucleophile transforms o-quinones to a

substituted catechol (e.g., the addition of cysteine to the
o-quinone of dopamine (DA) gives cysteinyldopamine (5-S-
cysteinyl-DA) (6-8). Furthermore, thiols are time-dependent
inhibitors of tyrosinase (9-11).

These reactions also have a possible physiopathological effect
since some products derived from o-quinones, such as neu-
romelanins, have been identified in the nigrostriatal tissue, while
thiol-catechol (adducts), among them 5-S-cysteinyl-DA and
5-S-cysteinyl-3,4-dihydroxyphenylacetic acid (5-S-cysteinyl-
DOPAC)), have been found in human substantia nigra and
striatum (12, 13). These adducts increase in concentration with
age and in the face of degenerative lesions, among other
causes (12, 14-16). The substantia nigra, particularly, undergoes
oxidative change with age (17). The production of reactive
oxygen species (ROS) can lead to secondary cytotoxicity
through mitochondrial respiration or from alterations in the
mitochondrial thiol pool. Both abnormalities have been recorded
in Parkinsonian patients (17-19). Montine et al. (20) tested the
toxicity of nine adducts on dopaminergic cells and found that
only 5-S-cysteinil-DOPAC was neurotoxic.

However, Spencer et al. (21) described how the exposure of
neurons to the 5-S-conjugates of DA, L-DOPA (3.4-dihydroxy-
phenylalanine), DOPAC, DHMA (dihydroxymandelic acid) (see
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Material and Methods), produced neuronal damage, increased
the oxidation of DNA, and stimulated caspase-3 activity in cells,
the adduct being capable of entering the cell and stimulating
the action of caspases (21). Subsequently, the existence of
tyrosinase in the brain and the level of cell death was
demonstrated (22). Because both captopril and mesna (sodium-
2-mercaptoethanesulfonate, Scheme 1) cross the hematoen-
cephalic barrier (23-25), the in ViVo formation of adducts is
probably possible in the same way as they are formed in Vitro.

In contrast, a multiple function for angiotensin II has recently
been demonstrated in brain (26), including regulation of DA
release from the striatum nucleus. Active angiotensin is an
NADPH-dependent oxidase, which acts as a source of super-
oxide anion. Inhibitors of angiotensin conversion show anti-
oxidant properties in several tissues. The above authors carried
out an assay with a widely validated model of Parkinson’s
disease, which consisted of intraventricular injection of 6-hy-
droxydopamine to generate oxidative stress in the dopaminergic
system. The rats receiving captopril showed less neuronal death
than controls. Captopril also reduced all the indices of oxidative
stress (lipid peroxidation, etc.) (27).

Knowledge of the molar absorptivities of thiol-diphenol
adduct may be of interest for quantifying these compounds in
biological samples (28-31). In order to calculate the molar
absorptivities of the thiol-diphenol adduct, we have developed
a method based on the stoichiometric depletion of oxygen in
the oxidation of o-diphenol by mushroom PPO and the capacity
the thiol group to trap the o-quinones generated (32). In this
paper, we apply the method to determine the molar absorptivities
of thiol-diphenol adducts of the thiol drugs captopril and mesna
with o-quinones from several o-diphenols and catecholamines.

Mesna (Scheme 1) is a thiol drug that acts as a mucolytic
and can also be used to eliminate contrast in bronchographs.
Mesna functions as a regional detoxifying agent of urotoxic
ifosfamide metabolites such as acrolein, 4-hydroxy-ifosfamide,
and chloroacetaldehyde (33). The resulting free thiol group of
mesna can combine directly with the double bond of acrolein
or with other toxic oxazaphosphorine metabolites in the bladder
to form stable and nontoxic compounds (34).

Captopril (Scheme 1) has an antihypertensive effect. It is
effective alone or in combination with other antihypertensive
agents, especially thiazide diuretics, when the overall effect is
practically additive. Captopril can also be used to treat cardiac
insufficiency.

The objective of the present work was to characterize the
molar absorptivities of the adducts of mesna and captopril with
the o-quinones of o-diphenols or with metabolites (neurotrans-
mitters) such as dopamine, adrenaline, or noradrenaline (NA)
or drugs such as L-DOPA (antiparkinsonian) and R-methyl-
DOPA (antihypertensive).

The calculation of the molar absorptivity of the adducts can
be of use for the quantitative determination of the adducts as
well for determining the enzymatic activity when PPO acts on
o-diphenols that originate very unstable o-quinones, although,
in this last case, it must be demonstrated that the initial velocity
measurements (when tf 0) are not affected by the presence of
the thiol.

MATERIALS AND METHODS

Reagents. Mushroom PPO (5350 units/mg) was purchased from
Sigma and was purified as described by Rodrı́guez-Lopez et al. (35).
Protein concentrations were determined by Bradford’s method using
bovine serum albumin as a standard (36). Catechol (Cat) and norad-
renaline (NA) were purchased from Fluka (Spain), while mesna (2-
mercaptoethanesulfonic acid), captopril, (N-[(S)-3-mercapto-2-methyl-
propionyl]-L-proline), 4-methylcatechol (4-MeCat), 3,4-dihydroxymandelic
acid (DHMA), 3,4-dihydroxyphenylpropionic acid (DHPPA), 3,4-
dihydroxyphenylacetic acid (DOPAC), L-DOPA, L-R-methylDOPA (L-
R-MeDOPA), epinine, L-DOPA methyl ester (L-DOPAMeE), L-iso-
protenerol (L-IsoProt), adrenaline (A), and dopamine (DA) were
purchased from Sigma (St. Louis, MO). 4-tert-Butylcatechol (TBC)
was purchased from Across Organics (Belgium). Stock solutions of
phenolic substrates were prepared in 0.15 mM phosphoric acid in order
to prevent autoxidation. Milli-Q system (Millipore Corp.) ultrapure
water was used throughout this research.

Spectrophotometric Assays. In the assays of PPO with o-diphenolic
substrates in the presence of thiols, the formation of thiol-diphenol
adducts was followed at 300 nm. (see Table 1). Assays were carried
out on a Perkin-Elmer Lambda-35 spectrophotometer interfaced to a
PC-compatible computer running Perkin-Elmer UV-Winlab software.
The standard assay contained o-diphenol (2 mM) and thiol (2 mM) in
30 mM phosphate buffer, pH 7.0, through which nitrogen gas was
bubbled prior to use. The reaction was started by injection of enzyme
(50-100 nM per sample) containing a known concentration of oxygen
(10-110 µM). The cuvette was then rapidly closed with a Teflon
stopper. The spectrophotometric signal was determined by recording
the increase in absorbance, which values are included in the following
equation:

Aλ ) 2[ελ
adduct - ελ

o-diphenol][O2]0 + ελ
o-diphenol[D]0 +Aλ

PPO

(1)

where Aλ is the absorbance obtained experimentally, [D]0 is the initial
concentration of o-diphenol, and [O2]0 is the initial concentration of
oxygen used in each experiment, as determined by the above-described
method (37). Knowing the molar absorptivities of the o-diphenol at
this wavelength, one can obtain the molar absorptivities of the adduct
from the slope of the eq 1. To measure the enzymatic activity, the
slope of eq 1 can be used and the initial velocity can be calculated
(µmol/min or IU).

Oximetric Assays. The O2 concentration was determined by using
a Clark electrode with a Hansatech Oxygraph (Kings Lynn, UK),
interfaced to a PC-compatible computer running Quiceltron software.
The equipment was calibrated using the tyrosinase/4-tert-butylcatechol
method (37).

Scheme 1. Chemical Structure of the Thiols Used in This Study Table 1. Molar Absorptivities of o-Diphenols and Thiol-Diphenol Adducts
at λ ) 300 nm

ε300 (M-1 cm-1)

o-diphenol captopril-diphenol adduct mesna-diphenol adduct o-diphenol

Cat 1835 1613 20
DOPAC 1926 2230 40
DHPPA 1995 1278 50
DHMA 2031 1586 7
dopamine 2795 1831 66
adrenaline 2447 1465 95
epinine 2645 1952 100
4MeCat 1382 4147 50
L-RMeDOPA 3227 1468 60
L-DOPA 3120 1340 58
L-DOPAMeE 1695 1550 110
L-IsoProt 2303 1663 150
NA 2360 1324 81
TBC 2442 2341 32

Scheme 2
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13C NMR Assays. 13C NMR spectra of thiols were obtained at pH
7.0 on a Varian Unity spectrophotometer (300 MHz) using deuterated
water as solvent. Chemical-shift values (δ) were measured relative to
those for tetramethylsilane (δ ) 0). The maximum accepted error for
each peak was (0.03 ppm.

HPLC Assays. Adduct was formed between mesna and o-dopaquino-
ne by the reaction with 2 mM L-DOPA, 2 mM mesna, and 100 nM
PPO in 30 mM sodium phosphate buffer, pH 7.0, at 25 °C, in an oxygen
concentration of 0.13 mM. After 30 s, when the reaction had
subsided,10 M HCl was added to reach a pH of 1.5 and 40 µL of the
mixture was injected in a VWR Hitachi Elite Lachrom chromatograph
equipped with an L-2130 pump and L-2455 diode array detector. The

column used was a Teknokroma Mediterranea Sea C-18 measuring 25
cm × 0.40 cm and 5 µm particle size. The mobile phase was composed
of (A) 2.9 g/L phosphoric acid and 6.0 g/L metasulfonic acid in water
and (B) 100% acetonitrile. The analysis were made with the following
gradient: 100% A (0 min), 30% B (15-25 min), and 100% A (30 min).
This phase was pumped through the system at a flow rate of 1.0 mL/
min.

MS experiments were performed using a Agilent VL mass spec-
trometer. Ionization was achieved using standard electrospray (ESI)

Figure 1. (A) Spectra obtained during the oxidation of DOPAC by
mushroom PPO in the presence of captopril. The reaction mixture
contained [DOPAC]0 ) 0.7 mM, [O2]0 ) 0.26 mM, [captopril]0 ) 1 mM,
and [E]0 ) 75.9 nM in 30 mM sodium phosphate buffer, pH 7.0, at 25
°C. The difference in time between each spectrum was 20 s. (B)
o-Diphenol depletion. The assay conditions were [DOPAC]0 ) 0.3 mM,
[O2]0 ) 0.26 mM, [PPO]0 ) 75.9 nM, [captopril]0 ) 1 mM in 30 mM
sodium phosphate buffer, pH 7.0, at 25 °C. The difference between the
first four spectra was 15 s and that between the last three 40 min. (C)
Oxygen depletion. The assay conditions were [DOPAC]0 ) 0.3 mM, [O2]0
) 0.125 mM, [PPO]0 ) 83.5 nM in the presence of [captopril]0 ) 1 mM
in 30 mM sodium phosphate buffer, pH 7.0, at 25 °C. The difference
between the first six spectra was 50 s, while the last spectrum was
obtained after 1 h.

Figure 2. (A) Spectra obtained during the oxidation of DHPPA by
mushroom PPO in the presence of mesna. The reaction mixture contained
[DHPPA]0 ) 0.7 mM, [O2]0 ) 0.26 mM, [mesna]0 ) 1 mM, and [E]0 )
20 nM. The assay conditions were 30 mM sodium phosphate buffer, pH
7.0, at 25 °C. The difference in time between successive spectra was
20 s. (B) o-Diphenol depletion. The reaction mixture contained [DHPPA]0
) 0.3 mM, [O]2 ) 0.26 mM, [PPO]0 ) 58.2 nM, and [mesna]0 ) 1 mM.
The assay conditions were 30 mM sodium phosphate buffer, pH 7.0, at
25 °C. The difference in time between successive spectra was 30 s for
the first three, 30 min between the third and fourth, and 15 min between
the last three. (C) Oxygen depletion. The reaction mixture contained
[DHPPA]0 ) 0.3 mM, [O]2 ) 0.13 mM, [PPO]0 ) 17 nM, and [mesna]0
) 1 mM. The assay conditions were 30 mM sodium phosphate buffer,
pH 7.0, at 25 °C. The difference between successive spectra was 25 s
for the first six and 50 s between the following four. The last spectrum
was obtained after 1 h.
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conditions and data were adquired in both positive and negative ion
modes. Source temperature was 350 °C and capillary voltage was set
at (105 V. Mass spectra were recorded from 100 to 500 amu. The
sample was diluted approximately 10-fold in methanol containing 0.1%
formic acid and infused into the mass spectrometer using a 100 µL
Hamilton syringe.

RESULTS AND DISCUSSION

Stoichiometric Considerations. The reaction of PPO with
o-diphenols can be represented as depicted in Scheme 2 (35).
The mechanism shown in Scheme 2 indicates that the rate of
o-quinone formation (Vss

Q) is double the rate of oxygen con-
sumption (Vss

O2) and so the stoichiometry of the reaction is 1O2/
2Q, as demonstrated previously (35).

When o-diphenols are oxidized in the presence of compounds
containing a thiol group, the deprotonated thiol group (R-S-)
attacks the o-quinone generated by the enzyme in a powerful
nucleophilic attack that prevents the accumulation of o-quinone
in the reaction medium, as demonstrated by the isosbestic points
generated during the oxidation of NA in the presence of captopril
or mesna (Figures 1A and 2A, respectively). Therefore, there
is a specific stoichiometry for the transformation of a diphenol
to adduct (thiol-diphenol). According to Scheme 2, this
stoichiometry is one O2 oxidizing two o-diphenols, producing
two o-quinones and so two adducts (thiol-diphenol).

The adducts (thiol-diphenol) are not sold, so their spectral
characteristics are not available for their characterization in

biological samples where it would be of interest to detect their
presence. An important physical-chemical property of the
adduct is the molar absorptivity in the zone of the spectrum
where it most differs from the o-diphenol that produces it. The
adduct can be determined from the activity of PPO on different
o-diphenols in the presence of the thiol compound. There are
two experimental strategies possible since this enzyme is
bisubstrate: exhaustion of the concentration of o-diphenol or
exhaustion of the concentration of oxygen.

Below we describe these approaches kinetically.
Diphenol Exhaustion. If [O2]0 . [D]0 and saturating, the

rate of o-quinone formation of PPO acting on D (Scheme 2) is

Vss
Q )

Vmax
Q [D]0

Km
D + [D]0

(2)

If [D]0 , Km
D, eq 2 is transformed into

Vss
Q )

Vmax
Q

Km
D

[D]0 (3)

The apparent first-order constant (kapp) of this transformation is

kapp )
Vmax

Q

Km
D

)
2kcat

D [E]0

Km
D

(4)

so that, in accordance with eq 4, the rate of the process depends
on the concentration of enzyme. However, this o-diphenol

Scheme 3. Enzymatic and Nonenzymatic Reactions Related to the Oxidation by O2 of o-Diphenols Catalyzed by PPO in the Presence of Thiol Compounds
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exhaustion method has the disadvantage that the enzyme attacks
the monoadducts again, giving rise to di- and triadducts, as
shown in Scheme 3. This is seen from the fact that the isosbestic
points are broken during the enzymatic oxidation (Figures 1B
and 2B for captopril and mesna, respectively). For this reason,
in this study, we propose using PPO in limiting oxygen
conditions until all the oxygen is used up (see below).

Oxygen Exhaustion. The action of PPO (Scheme 2), if the
concentration of oxygen is [O2]0 , [D]0 and o-diphenol is
saturating, is as follows:

Vss
Q )

Vmax
Q [O2]0

Km
O2 + [O2]0

(5)

When the concentration of oxygen is low so that [O2]0 , Km
O2,

eq 5 can be simplified to

Vss
Q )

Vmax
Q

Km
O2

[O2]0 )
2kcat

D [E0]

Km
O2

[O2]0 (6)

In this case, the apparent first-order constant, kapp′, is

k′app )
2kcat

D [E]0

Km
O2

(7)

Since Km
O2 (µM) , Km

D (mM), from eq 4 and eq 7, it results that

k′app . kapp (8)

That is, this approach leads to a much more rapid exhaustion
of the reaction since the oxygen is used up during the formation
of the monoadducts, so reactions 3-6 of Scheme 3 do not take
place.

The experimental approach involving the exhaustion of
o-diphenol leads to both isosbestic points being broken, as is
evident from Figures 1B and 2B, while exhaustion of the
oxygen means that the isosbestic points are maintained (Figures
1C and 2C). This means that while di- and triadducts are formed
in the first place, almost only one species exists in the second,

Figure 3. (A) Chromatograms of a reaction between L-DOPA and PPO in
the presence of mesna. The experimental conditions were 30 mM phosphate
buffer, pH 7.0, at 25 °C, [L-DOPA]0 ) 2 mM, [mesna]0 ) 2 mM, [PPO]0 )
100 nM, and [O2] ) 0.13 mM. The reaction was carried out as described in
Materials and Methods: L-DOPA (tR ) 8.047), adduct 5-S-mercaptoethane-
sulfonil-DOPA (tR ) 10.347). Inset of tR ) 8.047 shows the UV-visible
spectrum of L-DOPA and that of tR ) 10.347 shows UV-visible spectrum of
the adduct. (B) MS experiment on 5-S-mercaptoethanesulfonil-DOPA. Mass
spectra were recorded in positive ion mode and showed the 5-S-
mercaptoethanesulfonil-DOPA and its major fragments.

Figure 4. Progress curves at 300 nm of the formation of the NA-captopril
adduct. Assay conditions were [NA]0 ) 1.2 mM, [O2]0 ) 0.26 mM, and
[captopril]0 ) 2 mM in 30 mM sodium phosphate buffer, pH 7.0, at 25 °C
and [E]0 ) 24 (a), 36 (b), 48 (c), 60 (d), and 72 nM (e), respectively.

Figure 5. Progress curves at 300 nm used to calculate the molar
absorptivities of adducts considering that 1 O2 ) 2 adducts: [captopril]0
) 2 mM, [E]0 ) 60 nM, and [NA]0 ) 2 mM in 30 mM sodium phosphate
buffer, pH 7.0, at 25 °C. [O2]0 ) 10 (a), 40 (b), 80 (c), 90 (d), and 110
µM (e), respectively.
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the monoadduct (Scheme 3). Furthermore, this result can be
confirmed by HPLC experiments (Figure 3). When working in
these conditions (limiting oxygen), injection of a reaction sample
into the chromatograph gives two peaks corresponding to
o-difenol in excess and the adduct formed (Figure 3).

Measurement Wavelength. To calculate the molar absorp-
tivity of the adduct formed in the zone where it most differs
from the corresponding o-diphenol, 300 nm was chosen.

Effect of enzyme concentration. With a saturating concen-
tration of o-diphenol, the quantity of enzyme was varied. As
Figure 4 shows, the recorded rate increased with increasing
concentrations of enzyme, which agrees with eq 6.

Nucleophilic Characteristics of the Thiols Used. From the
13C NMR spectra, the δ values of the carbon that supports the
thiol group were obtained (captopril δ ) 41.80 and mesna δ )
17.96), the lower δ value of the mesna reflecting its stronger
nucleophilic nature. These observations agree with the pKa of
the thiol groups, 9.8 for captopril and 9.06 for mesna. Since an
end point method is being used, the possible inhibition of PPO
by the thiol would not affect the method.

Effect of Oxygen Concentration and Calculation of the
Molar Absorptivity Coefficient. In conditions of limiting
oxygen and maintainance of a fixed substrate and enzyme
concentration, the oxygen concentration was varied. The cor-
responding recordings are shown in Figure 5. The absorbancies
obtained with the oxygen concentrations assayed fit to eq 1. In
the experimental conditions of 30 mM sodium phosphate buffer,
pH 7.0, at 25 °C, [E]0 ) 60 nM, [NA]0 ) 2 mM, and [captopril]0

) 2 mM, the following equation was obtained:

A300 ) {(4.56( 0.22) × 10-3}[O2]0 + (0.17( 0.01)
(9)

Table 1 shows the molar absorptivity values (ε300) obtained
for the adducts of different o-diphenols with captopril and mesna
using the same methodology. In general, the values of ε300

obtained for the former are higher due to the presence of an
imidazole ring in captopril, which is of interest when determin-
ing these adducts.

Application to the Measurement of PPO Activity. Measur-
ing adduct formation can be useful for the kinetic characteriza-
tion of substrates (o-diphenols) of the enzyme, as shown by
the following experiments. Figure 6 shows how measuring
o-quinone formation from the oxidation of DHPPA points to
the apparent inhibition by excess of substrate due to the reaction
between o-quinone and o-diphenol or o-quinone and o-quinone
although this can be prevented by adding a thiol (captopril or
mesna) to the medium, generating the corresponding adducts.
As indicated above, thiols are time-dependent inhibitors of PPO,
but at low concentrations and measuring initial rates (when
t f 0), the inhibition does not occur in the case of DOPAC

Figure 6. Representation of the initial rate (V0) of o-quinone formation
(λ ) 400 nm) during the oxidation of DOPAC by PPO. Assay conditions
were [E]0 ) 2 nM, [O2] ) 0.26 mM in 30 mM sodium phosphate buffer,
pH 7.0, at 25 °C.

Figure 7. Representation of the initial rates of captopril adduct formation
(λ ) 300 nm) during the oxidation of DOPAC and DHPPA by PPO at
different thiol concentrations. Assay conditions were 30 mM sodium
phosphate buffer, pH 7.0, at 25 °C, [E]0 ) 2 nM; [DOPAC]0 were (2) 0.5
mM and (0) 6 mM; [DHPPA]0 were (9) 0.4 mM and (4) 4.0 mM.

Figure 8. Representation of the initial rates of captopril adduct formation
(λ ) 300 nm) during the oxidation of DOPAC and DHPPA by PPO,
obtaining Vmax and Km. The experimental conditions were 30 mM pH 7.0
phosphate buffer at 25 °C, [E]0 ) 2 nM, and [captopril]0 ) 0.3 mM: (2)
[DOPAC]; (0) [DHPPA]. The values of Vmax and Km are shown for each
substrate.
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and DHPPA (Figure 7). This means that in such conditions it
is possible to measure V0, and by analyzing the results depicted
in Figure 8, it is possible to obtain Vmax and Km for these
substrates (see Figure 8). These values agree with those
previously obtained by other methods used to measure the
enzymatic activity of PPO for these o-diphenols (38, 39).

In conclusion, the end point method here described uses
mushroom PPO, although PPO from any vegetal source can be
used, in the enzymatic reaction that generates o-quinones. The
method is useful for spectrophotometrically characterizing the
adducts of the o-quinones of different o-diphenols with the thiols
captopril and mesna. The method is based on the exhaustion of
oxygen in the medium by means of the reaction of PPO. The
usefulness of the molar absorptivity coefficient in analytic and
kinetic assays is revealed by applying it to kinetically character-
izing substrates of PPO, after checking in this case that the
concentrations of thiol used do not inhibit the enzyme during
initial velocity measurements (t f 0).
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(27) Muñoz, A.; Rey, P.; Guerra, M. J.; Mendez-Alvarez, E.; Soto-
Otero, R.; Labandeira-Garcı́a, J. L. Reduction of dopaminergic
degeneration and oxidative stress by inhibition of angiotensin
converting enzyme in a MPTP model of parkinsonism. Neurop-
harmacology 2006, 51, 112–120.

(28) Prota, G.; d’Ischia, M.; Napolitano, A. The Chemistry of Melanins
and Related Metabolites. In The Pigmentary System; Nordlund,
J. J., Boissy, R., Hearing, V., King, R., Ortonne, J. P., Eds.;
University Press: Oxford, U.K., 1998; pp 307-332.

(29) Zawistowski, J.; Biliaderis, C. G.; Michael Eskin, N. A. Polyphe-
nol Oxidase. In OxidatiVe Enzymes in Foods; Robinson D. S.,
Eskin N. A. M., Eds.; Elsevier Science: London, 1991, pp 217-
273.

(30) Nicolas, J. J.; Richard-Forget, F.; Goupy, P. M.; Amiot, M. J.;
Aubert, S. Y. Enzymatic browning reactions in apple and apple
products. CRC Crit. ReV. Food Sci. 1994, 34, 109–157.

(31) Whitaker, J. R.; Lee, C. Y. Recent advances in chemistry of
enzymatic browning: An overview. In Enzymatic Browning and
its PreVention; Lee, C. Y., Whitaker, J. R., Eds.: American
Chemical Society: Washington, DC, 1995.

Molar Absorptivity of Phenolic Adducts with Captopril and Mesna J. Agric. Food Chem., Vol. 57, No. 4, 2009 1149
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