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In this study, a novel fluorometric method for the determination of peroxynitrite anion (ONOO") scavenging (PAS)
activity of amino acids and biothiols, which can mostly trap peroxynitrite in vivo, is described. This assay is based on the
conversion of a gentisic acid probe to its non-fluorescent oxidation products with ONOO-. The attenuation of the
fluorescence intensity (FI) of the probe upon peroxynitrite attack is diminished with antioxidants, the difference in FI
being related to the PAS activity of the antioxidants. The ICsy (50% inhibitive concentration) values of biothiols, amino
acids and tissue homogenates were estimated, in comparison with the reference Pyrogallol Red (PR) bleaching method.
PR is the most suitable and frequently used dye to determine PAS activity, but is relatively insensitive. The developed

fluorometric assay is highly sensitive to allow determinations of the PAS activity of amino acids.
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Introduction

The peroxynitrite anion (ONOQO") is an effective oxidant known
to be crucial in the macrophage killing of various pathogens.!
It plays a significant role in neurodegenerative diseases,
cardiovascular disorders and inflammation.? The protonated
(free acidic) form of ONOO- has a pK, of 6.8, and can
decompose to hydroxyl radical ("OH) and nitrogendioxide
('NO,).! ONOO- can react with various biomolecules, including
thiols and amino acids.> The toxicity of ONOO- is due to its
ability to directly oxidize (E%onoo- = 1.40 V) sulthydryl group of
cysteine and glutathione (GSH),* and even the sulfur atom of
methionine.®> Peroxynitrite attacks on the aromatic ring, mainly
giving ortho-, para-hydroxylation and meta-nitration products.®
There are many literature methods for the synthesis of ONOO-,
including the oxidation of hydroxylamine, ozonation of azide,’
photolysis, pulse radiolysis of nitrate,® oxidation of organic
nitrate, and the reaction of nitric oxide (‘NO) with the superoxide
anion radical (0O,-).2 Only a few chemical groups, such as
thiols, iron/sulfur centers and zinc fingers (protein motif)
directly react with peroxynitrite.’

The most susceptible amino acids to oxidative ONOO- attack
are the sulfur-containing (cysteine and methionine) and the
aromatic ring-bearing (tryptophan, tyrosine, phenylalanine and
histidine) ones.> Low-molecular-weight thiol compounds (like
GSH) comprise a variety of effective scavengers that react with
ONOO- with rate constants ranging from 2 x 103 M s to
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2 x 108 M s7!, depending on the microenvironment of the
thiol.1

Tyrosine can be used as the detector molecule for ONOO-.
This method also requires multifaceted HPLC equipment for
determining the remaining tyrosine and its ONOO- oxidation
products (such as 3-nitrotyrosine and 3-hydroxytrosine).!!
In vivo tyrosine is the primary target for ONOO- damage. Its
main reactive group is the OH group at position 1, but it has a
low PAS activity because of the sizable substituent at
position 4.2 Dihydrodichlorofluorescein (DCFH) and dihydro-
rhodamine-123 (DHR) have been used for the determination of
PAS activity.”® These non-fluorescent probes are converted to
fluorescent forms (rhodamine (RH) Aex = 500 nm, A = 536 nm
and dichlorofluorescein (DCF) Ae = 502 nm, Aen = 523 nm)
with ONOO~.'* DHR can also be oxidized by other reactive
oxidants, such as H,O,, HOCI, and cytochrome ¢, which may in
turn decrease its analytical selectivity for any PAS activity
measurement.!> The bleaching of dyes (carminic acid, gallein,
Evans Blue, Alizarin Red S, efc.) by ONOO- has been frequently
used for the determination of antioxidant activity.!! Pyrogallol
Red (PR) is a frequently used dye for determining PAS activity.'¢
The addition of ONOO- to PR results in a decrease of absorbance
at 454 nm. On the other hand, PR has been shown to bleach
with other reactive species, such as HOCI, O, and peroxyl
radical (ROO"), which also adversely affects its selectivity as a
PAS probe. PR has been used as a HOCI-sensitive probe for
determining the antioxidant activity of polyphenols,'’-" and also
as an indicator for the oxygen radical absorbance capacity
(ORAC) assay where its bleaching induced by ROO" can be
delayed by antioxidants.?

Gentisic acid (2,5-dihydroxy benzoic acid), which was used as
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a fluorogenic PAS probe for the first time in this study, has a
higher molar fluorescence coefficient (3.65 X 10° M! cm™)
than probes used in absorptimetric (¢ = 2.04 x 10* M~! cm™! for
PR probe), and fluorometric (€500 = 5.95 X 10* M~! cm™! for
DCEF, &5p0 = 7.88 x 10* M~! cm™! for RH) assays. Therefore, the
new fluorometric method described herein represents a simple
and sensitive alternative to the absorptimetric, fluorometric and
chromatographic methods existing in the literature.  The
developed analytical method has been performed on amino
acids, biothiols and a tissue homogenate, the scavenging activity
measurements of which are important because ONOO- is
frequently trapped in vivo by thiols and metalloproteins.”! The
findings were compared with those of a reference (PR bleaching)
method.

Experimental

Reagents and chemicals

L-Serine, L-valine, alanine, cysteamine, homocysteine, glycine,
L-cystine, pyrogallol red (3,4,5-trihydroxy-9-(2’-sulfophenyl)-6-
isoxanthone), and manganese(IV) oxide were purchased from
Aldrich (Steinheim, Germany); L-glutathione reduced (GSH)
and hydroxylamine (50% by wt.) from Merck (Darmstadt,
Germany); 2,5-dihydroxy benzoic acid (gentisic acid), L-cysteine
(Cys), L-glutathione oxidized (GSSG), L-methionine, and
N-acetyl-L-cysteine (NAC) from Fluka (Buchs, Switzerland).
Wistar rats were supplied by the Faculty of Veterinary Medicine
of Istanbul University.

Apparatus

A Varian Cary Eclipse spectrofluorometer and a Varian CARY
100 UV-Vis spectrophotometer (Mulgrave, Victoria, Australia)
were used for fluorescence intensity and absorption
measurements. Chromatographic separation and detection were
performed with a Waters Breeze™ 2 Model HPLC system
(Milford, MA, USA) equipped with a 2998 photo-diode array
detector. Data acquisition and processing were done using
Empower PRO software. Distilled water was supplied from a
Simpak1 Synergy purification system (Millipore, USA).

Synthesis of peroxynitrite

The synthesis of ONOO- was achieved by utilizing the
autoxidation of hydroxylamine in an alkaline medium.
A mixture of 1.0 X 102 M of hydroxylamine, 0.5 M of sodium
hydroxide, and 1.0 x 10 M of EDTA was stirred strongly in an
aerobic medium for about 30 min under oxygen flow, and 1.5 h
without oxygen flow. Manganese (IV) oxide powder was used
for removing H,O, generated during the reaction. The mixture
was filtered through a 0.45-um membrane filter and stored at
-18°C.”*  The formation of ONOO- was demonstrable
spectrophotometrically at 302 nm, and its concentration was
determined by using the molar absorption coefficient (€30, =
1670 M~! cm™) in accordance with Beer’s law.?

Preparation of solutions

Gentisic acid (3.0 x 10* M) and Na,HPO./NaH,PO,-2H,O
buffer solutions, 1.0 M, at pH 7.4, were prepared in distilled
water. A PR solution (1.33 x 10 M) was prepared in 1.0 M
phosphate buffer. All biothiols and amino acid solutions were
freshly prepared in distilled water at suitable concentrations.
The mobile-phase constituents for HPLC analysis with gradient
elution were pure acetonitrile and 1.0% acetic acid.
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Preparation of tissue homogenate

The rat tissue homogenates (liver and kidney) were provided
by the Animal Facility of the Faculty of Veterinary Medicine of
Istanbul University. The tissues were removed after sacrifice by
decapitation from rat, washed with a 0.9% NaCl solution,
weighed (10%, w/v) and homogenized in cold 1.15% KCl
solution. Homogenates were stored at —80°C before being
analyzed? and filtered through a 0.45-um membrane filter prior
to analysis.

Gentisic acid assay

The reaction mixture was composed of 1.5 mL of 1.0 M
phosphate buffer (pH 7.4), 0.5 mL of 3.0 x 10+ M gentisic acid
probe, scavenger solution at an appropriate concentration, and
distilled water of dilution to make the final volume 3.5 mL.
Finally, 0.5 mL of 4.5 X 10 M ONOO- was added to start the
kinetic competition between the scavenger and probe for
peroxynitrite. The fluorescence intensity of gentisic acid at
450 nm (A = 267 nm) was measured initially (l,) and after
peroxynitrite attacks with (/,) or without (/,) scavenger (Ip > I, >
I)). The inhibition ratio % was calculated by using

Inhibition ratio (%) = 100[(I, — I)/(I, — I})]. (1)

The ICsy values of the scavengers were found by intersecting
the curve of inhibition % versus the scavenger concentration at
50% inhibition.

Various tissue homogenates (liver, kidney and heart) were
used at appropriate concentrations in the recommended
procedure instead of the scavengers. The inhibition percentages of
tissue homogenates (1:30 v/v) were calculated by using Eq. (1).

In the reaction system only gentisic acid had a fluorescence
intensity, whereas neither the scavenger nor scavenger-derived
products exhibited a fluorescence intensity at 450 nm. Possible
interferences from biological samples were eliminated by
diluting sufficiently low amounts of these samples.

PR bleaching assay

The spectrophotometric reference method** is based on the
bleaching of PR dye by ONOO-. The loss of absorbance due to
the oxidation of PR was monitored at 540 nm (¢ = 2.04 x 10*
M- cm™).? The reaction mixture contained 1.5 mL of
1.33x10*M PR (in 1.0M phosphate buffer, pH 7.4),
a scavenger solution or tissue homogenates (1:2 v/v) at an
appropriate concentration, and distilled water of dilution to
make the final volume 3.5 mL. When 0.5 mL of 4.5 x 10* M
ONOO- was added to start the reaction, the absorbance was
diminished at 542 nm due to the oxidation of PR. The inhibition
ratio % was calculated according to the following equation by
using absorbances measured initially (Ao) and after peroxynitrite
attacks with (A,) or without (A;) the scavenger (Ao > A, > Ay).

Inhibition ratio (%) = 100[(A2 — A1)/(A¢ — A1)] (@)

HPLC assay

HPLC analyses were performed using a Zorbax Eclipse
XDB-C18 column (4.6 x 250 mm, 5 um particle size) (USA).
Acetonitrile and 1.0% acetic acid in bidistilled water (20:80 by
vol.) were used for isocratic elution. The detection wavelength
and the flow rate were 324 nm and 1 mL min™, respectively.
The calibration curve and linear equation of peak area versus
concentration were determined. With the aid of this calibration
curve, the gentisic acid concentration remaining in reaction
medium was calculated.?®
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Fig. 1 Fluorescence intensity vs. incubation time curves of gentisic

acid (37.5 uM) alone and gentisic acid subjected to ONOO~ (56.3 uM)
in the absence (reference) and presence of GSH (25.0 uM) in
phosphate-buffered (pH 7.4) medium.

Results and Discussion

The PAS activity of amino acids, biothiols and biological
samples were evaluated by using a novel spectrofluorometric
method based on the use of a gentisic acid probe. Gentisic acid
is a highly fluorescent probe (Aex = 267 nm, Acw = 450 nm) for
which the molar fluorescence coefficient was 3.65 x 10°
M-! cm™; the linear concentration range was given as 3.0 x 10 -
7.5 x10° M (correlation coeffcient of r=0.9999), within
which the relative standard deviation (RSD) was 2.4%. The
limit of detection (LOD) and limit of quantification (LOQ) for
gentisic acid in the fluorometric assay were found to be 0.81
and 2.71 uM, respectively. The precision and accuracy of the
gentisic acid assay were evaluated by spiking 1:30 diluted liver
homogenate with definite concentrations of gentisic acid (22.5,
37.5 and 75 uM). The relative standard deviations corresponding
to these concentrations were found to be 2.81, 1.24 and 0.88%,
respectively (N = 3). The recovery of the recommended method
varied from 101.1 to 96.0% within increasing concentrations of
gentisic acid.

The repeatability of the recommended method for the ICsy
values of cysteine (N = 3, RSD%) was 2.76%.

When the gentisic acid probe was oxidized by ONOO-, the
fluorescence intensity of the probe decreased due to the
formation of non-fluorescent oxidation products.

Selectivity is a major analytical challenge in the design of new
molecular spectroscopic redox probes for reactive species.
Since the redox potentials of peroxynitrite at pH 7 (E,") for the
ONOO/'NO, and ONOO7/NO;" couples have been estimated as
1.4 and 1.2 V, respectively, gentisic acid may be a sufficiently
selective redox probe for peroxynitrite because of its high
oxidation potential, while ROS having lower oxidation potentials
may not oxidize this probe.”’” The redox potential of the gentisic
acid (GA) radical GA"/GA couple was measured by Joshi et al.?
using cyclic voltammetry to be 0.774 V versus NHE, which is
quite high among similar phenolic antioxidants.

Tyrosine is a commonly used probe for determining
peroxynitrite scavenging, but it has a surprisingly limited PAS
activity. In this test, the OH group at position 1 is the most
reactive group, which is not positively affected by the sizable
substutient at position 4. Gentisic acid has an OH group at
positions 2 and 5, which positively influence each other.'?
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Fig. 2 Fluorescence spectra of gentisic acid alone and gentisic acid
subjected to ONOO- (56.3 uM) in the absence and presence of Cys in
phosphate-buffered (pH 7.4) medium. a, 37.5 uM gentisic acid alone;
b, 15.0 uM Cys; ¢, 12.5 uM Cys; d, 10.0 uM Cys; e, 7.5 uM Cys; f,
5.0 uM Cys; g, 2.5 uM Cys; h, reference.

Peroxynitrous acid (ONOOH) is rapidly generated by the
reaction of H,O, with HNO, in an acid medium, but the
compound is unstable (., is a few seconds at 0°C).” Therefore,
a quenched-flow reactor should be used for generating relatively
stable ONOO- by this method.”® The reaction of H,O, with
alkyl nitrites in alkaline media is another commonly used
method, but the ONOO- solution contains an equimolar amount
of alcohol that can be oxidized with ONOO-.? We generated
ONOO- by the autoxidation of hydroxylamine in an alkaline
solution.”® The advantage of this procedure is to have ONOO-
as the major product.®® The formation of ONOO- was observed
by following a new absorption band appearing at 302 nm.
Moreover, the accompanying species (such as hydroxylamine,
NO;-, NO;, and H,0,), taking part in ONOO- synthesis did not
cause a fluorescence decrease of the gentisic acid probe (data
not shown).

The diminution of the fluorescence intensity of the gentisic
acid probe was followed as a function of time. While the
fluorescence intensity of gentisic acid (alone) remained constant
within the O - 30 min time interval, it decreased and leveled off
in a few seconds (showing the rapidity of the assay) in the
presence and absence of GSH (Fig. 1). A greater decrease of
the initial fluorescence intensity was observed when scavenger
(GSH) was absent because of the maximal conversion of the
gentisic acid probe to non-fluorescent oxidation products.

The fluorescence spectra of gentisic acid, obtained in the
presence and absence of a scavenger (Cys), are shown in Fig. 2.
When the gentisic acid probe was subjected to ONOO-, its
initial fluorescence intensity (a) decreased. The decline of the
fluorescence intensity was maximum in the absence of the
scavenger (reference (h)). It can be observed that increasing the
scavenger concentration from 2.5 to 15 UM (g - b) increased the
fluorescence intensity because of competition between the probe
and the scavenger. This increment is proportional to the
scavenging activity of the antioxidant, as can be seen from the
significant rise of the peak heights of gentisic acid subjected to
peroxynitrite attack in the presence of scavengers, such as Cys
(Fig. 2).

There were slight red-shifts in the fluorescence spectra of the
probe subjected to peroxynitrite attacks with increasing
concentrations of thiol (Fig.2). The rate constant for
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Fig. 3 HPLC chromatograms for gentisic acid probe (fz: 4.99 min).
a, Reference (1.5 mL phosphate buffer + 0.5 mL of 0.9 mM gentisic
acid + 1.2 mL water + 0.8 mL of 0.67 mM ONOO"); b, 1.5 mL
phosphate buffer + 0.5 mL of 0.9 mM gentisic acid + x = 0.1 mL of
10 mM GSH + (1.2 — x) mL water + 0.8 mL of 0.67 mM ONOO-; c,
x=0.5mL of 10 mM GSH.

peroxynitrite scavenging of the probe (i.e. gentisic acid) is
presumably much lower than that of thiols, implying that
ONOO- should be scavenged by R-SH much faster than it
would react with the probe. Inspection of the rate constants of
peroxynitrite scavenging reactions of thiols and hydroxybenzoates
shows that they may be comparable for slow-reacting thiols,
but not for fast-reactors. For example, the nitration of
p-hydroxyphenylacetic acid (an analogic molecule similar to the
probe) belongs to faster peroxynitrite reactions; its rate constant
is 5 x 10° M s7! at physiological pH.?' On the other hand, the
scavenging of peroxynitrite by hydroxycinnamic acids occurs
by two possible mechanisms: preferential nitration for
monophenolates and electron donation for the catecholates,??
meaning that both nitration and hydroxylation products may be
formed simultaneously®* and aromatic hydroxylation products
may be further oxidized to electrophilic quinones at low
conversion ratios. Once the quinone is formed, even at low
concentrations, it may add up a nucleophilic -SH compound
relatively easily. Rusin ef al.3* showed that when cysteine or
homocysteine reacts with the carbonyl moieties of xanthene
dyes, absorptiometric or fluorometric maxima are red-shifted as
a result of -SH addition reactions, arising from intramolecular
charge transfer (ICT) between electron-rich and electron-
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Table 1 PAS activity of biothiols and amino acids measured by
the fluorometric method in comparison to the spectrophotometric
method (ICsy values were calculated with respect to Egs. (1) and
(2), N =4 or 5 data points)

ONOO- Gentisic acid PR bleaching
scavengers assay/M assay/M
Glutathione (GSH) 4.00 x 10 3.02x 103
N-acetyl-cysteine (NAC) 7.83 %107 8.30 x 103
Cysteine 1.45 %107 220x 103
Homocysteine 438 x 107 5.70 x 107
Cysteamine 8.90 x 10-° 2.00 x 103
Methionine 3.05x 10+ 3.50 x 102
GSSG 6.70 x 10 9.58 x 102
Cystine 242 x 10+ 7.00 x 102
Homocystine 3.60x 10+ —
Glycine 6.63 x 102 —
Valine 6.05 x 102 —
Serine 5.60 x 102 —
Alanine 11.12 x 102 —

deficient groups within the adduct molecule. In the case when
phenols are oxidized faster than thiols, the Michael addition of
nucleophilic thiols to quinones (i.e. emerging as the oxidation
products of phenols) may rapidly produce new products (thiol-
quinone adducts), depending on the nature, number and position
of substituents on the quinone.’* Although the major reaction
occurring with thiols is ONOO- scavenging, leaving more
gentisic acid intact and maintaining more fluorescence, the
minor side reactions may produce slightly red-shifted adducts
manifesting themselves only with increased thiol concentration.
However, these minor side-reactions do not adversely affect the
quantitative ability of the proposed peroxynitrite scavenging
assay.

The chromatograms used for gentisic acid determinations (in
a reaction medium containing peroxynitrite and scavenger) are
shown in Fig. 3. The remaining amount of gentisic acid probe
in the reaction mixture was comparatively determined by
fluorometric and HPLC methods using the linear calibration
equation (y = 4.74 X 10°Ceniisic acia + 5.74 X 10%).  The results
found with both assays were in compliance with each other with
a tolerable error, and correctly reflected the relative decrease in
probe conversion into oxidation products in the presence of
GSH.

In the absence of a scavenger (reference), the concentrations
of gentisic acid according to fluorometric and HPLC methods
were found to be 3.38 x 10 and 3.39 x 10* M, respectively
([gentisic acid]iniia = 1.125 x 103 M).

The concentrations of gentisic acid probe in the presence of
0.1 mL GSH were found to be 4.43 x 10* and 4.68 x 10* M
with respect to the fluorometric and HPLC methods, whereas
with 0.5 mL GSH these concentrations increased to 6.30 x 10+
and 6.13 X 10# M, respectively. The results of the fluorometric
assay correlated well (r =0.9919) with those of the HPLC
method (N = 3).

Comparison of the findings of the gentisic acid and PR bleaching
assays

Pyrogallol Red (PR) is a colored reagent, which is readily
oxidized by ONOO-, H,0,, O, HOCI and ROO".'""® These
oxidations can be monitored by changes in the absorption band
at 540 nm.

PAS activity (ICsp value) of biothiols and amino acids
measured by the fluorometric and PR bleaching methods are
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Fig. 4 Inhibition % of tissue homogenates as a function of
homogenate volume using gentisic acid assay (1:30 diluted liver (@)
kidney (@) and heart (A) homogenate).

listed in Table 1. It demonstrates that the ICsy values found with
the fluorometric assay were lower than those found with the PR
bleaching assay. Biothiols were shown by the fluorometric
gentisic acid assay to be more effective scavengers than amino
acids, whose ICso values cannot be calculated by the PR
bleaching assay because of insufficient sensitivity.

The Spearman’s rank correlation test was employed for
comparative ICs, values found with the gentisic acid assay and
the PR bleaching assay. The interrater Spearman’s rank
correlation (consisting of eight peroxynitrite scavengers) was
high and statistically significant (r = 0.9762, p < 0.001).

The molar fluorescence coefficient of the gentisic acid probe
(€450nm = 3.65 x 10° M! cm™) is much greater than the molar
absorption coefficient (€s4onm = 2.04 X 10* M™! cm™) of the PR
probe (i.e. by a factor of 10?). When Table 1 is examined,
the ICso values calculated with the two assays reflect this
hundred-fold difference.

Even though PR is the best among dyes (carminic acid,
gallein, Evans Blue, Alizarin Red S efc.) which can be used for
determining the PAS activity,'! its sensitivity is low because it is
based on measurements of the absorbance. For this reason we
used a novel fluorometric probe in order to improve the
sensitivity. In general, fluorometric probes are more sensitive
than absorptiometric ones. The highest PAS activities in the
gentisic acid assay were observed for cysteamine > cysteine >
GSH > homocysteine > NAC > cystine > methionine >
homocystine > GSSG in this order in accordance with PR
bleaching assay.

L-cysteine was previously reported as an efficient ONOO-
scavenger (ICsp = 25 uM) through competitive oxidation of free
sulfhydryls.’” The peroxynitrite-mediated oxidation of biothiols
can occur through one-electron oxidation reactions.’
Peroxynitrite possibly oxidizes a variety of thiols by forming the
corresponding thiyl anion radicals as intermediary products.®

ONOQO- scavenging activity of some tissue homogenates
Preliminary experiments for deciding the optimal dilution
ratio of tissue homogenates showed that the initial intensity of
gentisic acid probe (I = 139) was not affected in the presence of
1:30 diluted liver homogenate (I = 137), which had a negligible
intensity (/ = 8) by itself. On the other hand, the intensity of
gentisic acid was slightly diminished (/ = 120) when 1:5 diluted
liver homogenate was used as the scavenger. The liver
homogenate with 1:5 dilution exhibited a slight fluorescence
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Fig. 5 Peroxynitrite scavenging activity of some tissue homogenates
calculated with the gentisic acid assay in comparison to the PR
bleaching assay.

intensity (I = 22) at 450 nm when excited at 267 nm (figure not
shown). These findings show that the interference effect of
tissue homogenates on gentisic acid could be eliminated by
increasing the dilution ratio at the optimal levels (i.e. 1:30), but
over dilution could prevent the observation of peroxynitrite
scavenging. The PAS activity of heart, liver and kidney
homogenates as percent inhibition versus homogenate volume is
shown in Fig. 4. A linear relationship was observed between
percentage inhibition and the homogenate volume (0.5 - 1.5
mL). The ONOO- scavenging activity values evaluated with the
gentisic acid assay and reference PR bleaching assay are
comparatively displayed in a bar diagram (Fig. 5). The PAS
activity of liver tissue homogenate was found to be higher than
that of kidney and heart homogenates with respect to both
methods, probably because liver is the central organ for
enzymatic and non-enzymatic antioxidative defenses of
detoxification in the organism. It was shown by Youdim and
Deans® in an investigation following the changes with age in
the liver, kidney and heart total antioxidant status (TAS, as mM
trolox equivalents, measured with the ABTS method) that the
concerned TAS order was liver > kidney > heart, in accordance
with our results. The smallest content of antioxidants was in the
heart, probably because of the extreme aerobic conditions under
which the heart operates (i.e., molecular oxygen and related
metabolic ROS should consume antioxidants acting as chemical
reductants). The low antioxidant reserve of the heart averages
about 1% of that expressed by the liver.#! For example, the
hypoxic preconditioning of rat heart was shown to better
maintain the antioxidative components of ascorbate and thiols in
the antioxidant reserve.*?

Conclusions

A spectrofluorometric analytical method based on the gentisic
acid probe was developed for determining the peroxynitrite
anion scavenging activity of biothiols and amino acids. Gentisic
acid is a more sensitive and sufficiently selective redox probe
for peroxynitrite than the Pyrogallol Red probe. The molar
emission/absorption coefficients of the two probes differ by two
orders of magnitude, revealing that the recommended method is
much more sensitive. The ICs, values found with the gentisic
acid assay are in accordance with the PR bleaching assay in
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terms of the rank correlation. These results demonstrate that
biothiols are better peroxynitrite scavengers than amino acids,
and that the PAS activity of liver tissue homogenate is higher
than those of kidney and heart homogenates.
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