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A B S T R A C T

Primary S-nitrosothiols (RSNOs) have received significant attention for their ability to modulate NO signaling in
many physiological and pathophysiological processes. Such actions and their potential pharmaceutical uses
demand a better knowledge of their stability in aqueous solutions. Herein, we investigated the effects of con-
centration, temperature, pH, room light and metal ions on the long-term kinetic behavior of two representative
primary RSNOs, S-nitrosoglutathione (GSNO) and S-nitroso-N-acetylcysteine (SNAC). The thermal decomposi-
tion of GSNO and SNAC were shown to be affected by the auto-catalytic action of the thiyl radicals. At 25 °C in
the dark and protected from the catalytic action of metal ions, GSNO and SNAC solutions 1mM showed half-lives
of 49 and 76 days, and apparent activation energies of 84 ± 14 and 90 ± 6 kJmol−1, respectively. Both GSNO
and SNAC exhibited increased stability in the pH range 5–7. At high pH the decomposition pathway of GSNO
involves the formation of an intermediate (GS-NO22-), which decomposes generating GSH and nitrite. GSNO
solutions displayed lower sensitivity to the catalytic action of metal ions than SNAC and the exposure to room
light led to a 5-fold increase in the initial rates of decomposition of both RSNOs. In all comparisons, SNAC
solutions showed higher stability than GSNO solutions. These findings provide strategic information about the
stability of GSNO and SNAC and may open new perspectives for their use as experimental or therapeutic NO
donors.

1. Introduction

The multiple physiological and pathophysiological roles played by
nitric oxide (NO) have fostered a continuous investigation on the be-
havior of NO donors. In spite of the existence of different classes of
synthetic molecules capable of directly releasing NO (e.g. metal-nitrosyl
complexes [1] and diazeniumdiolates (NONOates) [2]), primary S-ni-
trosothiols have received a significant amount of attention due to their
role as endogenous NO carriers in mammals and their ability to deliver
NO locally [3–6].

S-nitrosoglutathione (GSNO) and S-nitroso-N-acetylcysteine (SNAC)
(Fig. 1), in particular, have been investigated for their ability to act as
exogenous NO donors in several pharmaceutical formulations [7–10].
GSNO and SNAC can be synthesized through the S-nitrosation of glu-
tathione (GSH) and N-acetylcysteine (NAC), respectively, by nitrous
acid (HONO) or dinitrogen trioxide (N2O3) [11–13]. Several reports
have shown that GSNO is an effective NO donor which displays bene-
ficial actions in topical applications for increasing dermal vasodilation

[12] accelerating wound healing [14–18] and promoting analgesic
action [19]. SNAC, in turn, have been shown to exert several potential
therapeutic actions, including the lowering of blood pressure [20], the
prevention of early plaque development [8], the prevention and re-
version of steatohepatitis [21–23], the attenuation of liver fibrosis [24],
the amelioration of ischemia/reperfusion injury in steatotic liver [25],
the killing of leishmania [26] and trophozoites of Acanthamoeba cas-
tellanii [27] and the enhancement of gastric mucosal blood flow [9]. Its
precursor, NAC, has a wide use as a pharmaceutical compound and is
considered to be a prodrug for L-cysteine, whose oral administration
has been used for increasing GSH biosynthesis [28].

In practical situations, the stability of aqueous RSNOs solutions is
subjected to the effects of concentration, pH and temperature. room
light [29–34]. In addition, primary and tertiary RSNOs also undergo
photodecomposition under exposure to UV or visible light [35] and are
sensitive to the catalytic actions of trace metal ions (specially Cu(II)
ions) [36–38], and N2O3 in aerobic conditions [39,40].

In the absence of metal ions and light, the basic decomposition
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pathway of primary RSNOs in aqueous solutions is a bimolecular re-
action, which produces free NO and dimers bonded by disulfide lin-
kages as represented in the general Eq. (1).

2RSNO → RS-SR + 2NO (1)

The pH effect on the stability of aqueous RSNOs is claimed to in-
volve the equilibrium between the two resonance structures of Eq. (2)
[41–43]:

RSN=O(I) RS+=NO−(II) (2)

In acidic medium, the oxygen atom of structure II is protonated
contributing to an increased strength of the SeN, bond, and thereby an
increased stability. The homolytic SeN bond cleavage is also suscep-
tible to the autocatalytic action of the thiyl radicals (RS⋅) as previously
reported [34] (Eqs. (3)–(5)).

RSNO → RS⋅ + NO⋅ (3)

RS⋅ + RSNO → RS-SR + NO (4)

2 RS⋅→RS-SR (5)

The spontaneous decomposition of aqueous GSNO and SNAC, sub-
jected to the above-mentioned factors, may impose important limita-
tions for their storage and use as experimental NO donors and for
therapeutic purposes. We have reported several strategies to overcome
these limitations based on the incorporation of GSNO and SNAC into
hydrophilic polymeric matrices such as the triblock copolymer poly
(ethylene oxide)99-poly(propylene oxide)69-poly(ethylene oxide)99,
Pluronic-F127 [18,44], hydroxypropylmethyl cellulose (HPMC) [45],
poly(ethylene glycol) [13], poly(vinylpyrrolidone) [46] and poly(vinyl
alcohol) [35,47,48]. However, such studies were limited to time scales
of hours and the characterization of the long-term stabilities of aqueous
GSNO and SNAC solutions is still lacking. In this study we characterized
the effects of concentration, temperature, pH and room light on the
kinetic behavior of aqueous GSNO and SNAC solutions over storage
periods ranging from 7 to 80 days. The results obtained provide insights
into the different decomposition pathways which may operate in these
RSNOs under specific conditions and may broaden the perspectives for
the use GSNO and SNAC as experimental or therapeutic NO donors.

2. Materials and methods

2.1. Reagents

Glutathione (Glu-Cys-Gly, GSH), N-acetylcysteine (NAC), sodium
nitrite, EDTA, benzalkonium chloride, sodium phosphate (Na2HPO4),
citric acid, glycine and sodium hydroxide (NaOH) (Sigma, St. Louis,
MO, USA) were used as received. All the experiments were carried out
using analytical grade water from a Millipore Milli-Q Gradient filtration
system (conductivity 18.2MΩ cm at 25 °C).

2.2. GSNO and SNAC synthesis

S-nitrosoglutathione (GSNO) was synthesized by the S-nitrosation of
GSH in acidic sodium nitrite solution as previously described [24].

Briefly, reduced glutathione was reacted with an equimolar amount of
sodium nitrite in aqueous HCl solution 0.5M. The product was pre-
cipitated in cold acetone, vacuum-filtered, washed with cold acetone,
freeze-dried during 24 h and stored in a desiccator containing anhy-
drous silica gel at 25 °C, protected from light. Aqueous SNAC stock
solution was prepared as reported by de Souza et al. [26] by reacting
equimolar (1.0× 10−2mol L−1) solutions of NAC and sodium nitrite
under stirring at room temperature for 15min protected from light.
SNAC solutions were used immediately after synthesis. Unless other-
wise stated, GSNO and SNAC solutions were prepared in 0.09M phos-
phate buffer solution pH 7.0 with 3.4 mM (0.1% w/w) of EDTA, 0.6 mM
(0.02% w/w) of benzalkonium chloride (added as a preservative agent
to inhibit microbial proliferation during the incubation times) and kept
in the dark at 25 °C. The final concentrations of GSNO and SNAC were
assessed by UV–vis spectrophotometry using the characteristic ab-
sorption bands of RSNOs at λ=336 nm (nO → π* electronic transition,
ε=922M−1 cm−1) and λ=545 nm (nN → π* electronic transition,
ε=16M−1 cm−1) ([35,49], Fig. S1).

2.3. Kinetic monitoring of GSNO and SNAC decomposition

The spectral changes of GSNO and SNAC solutions were monitored
in the range 220–1100 nm in the dark, referenced against air, using a
diode array spectrophotometer (Hewlett–Packard, Model 8453, Palo
Alto, CA, USA). GSNO and SNAC solutions were kept in closed vials
inside a thermostatic bath at the desired temperature. Aliquots were
collected from these vials at selected times, and the kinetic curves of
GSNO and SNAC decomposition were obtained from the absorption
changes measured at λ=336 or 545 nm. Quartz cuvettes with optical
paths 0.1, 0.5 and 1.0 cm were used to assure starting absorption values
in the range of 0.5–1 in the kinetic monitoring (Table S1).

The fast decomposition of GSNO and SNAC solutions at pH 13 and
of SNAC in the absence of EDTA were monitored directly in quartz
cuvettes inserted in the temperature-controlled sample holder of the
spectrophotometer in time intervals of 10–15min during 4 h for SNAC
and 24 h for GSNO. The absorbance at 336 or 545 nm versus time
curves were normalized (dividing by the initial absorbance value) in
order to correct for small differences in the starting concentration of the
solutions. The initial rates (IR) of GSNO and SNAC decomposition were
obtained from linear regression of the initial sections (less than 10% of
the reaction extent) of the kinetic curves, according to Eq. (6):

IR=Δ(RSΝO)/Δt, (6)

where Δ(RSΝO) is the change in the RSNO absorbance and Δt is the
corresponding time interval.

The kinetic curves of RSNO decomposition were fitted to a first
order exponential decay using the software Origin® and the first order
rate constants (k) were calculated. Each point in the kinetic curves re-
presents the average of three independent measurements, with the error
bars expressed by their standard error of the mean (SEM).

2.4. Concentration effect on the kinetics of GSNO and SNAC decomposition

The absorbance of GSNO and SNAC solutions was monitored in

Fig. 1. Structures of S-nitrosoglutathione, GSNO (A) and S-nitroso-N-acetylcysteine, SNAC (B).
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seven different concentrations: 1, 2, 5, 10, 20, 40 and 50mM in the
presence of EDTA 0.1 wt% at 25 °C in PBS solution, pH 7.0 and the k
and IR values were extracted from the kinetic curves.

2.5. Temperature effect on the kinetics of GSNO and SNAC decomposition

GSNO and SNAC solutions (1mM) were placed in 25-mL glass vials
maintained at 15 °C, 25 °C, 30 °C, 35 °C e 40 °C in thermostatic baths
and spectrophotometrically monitored according to the above-de-
scribed procedure. The apparent activation energies (Ea) for the thermal
cleavage of the SeN bond of GSNO and SNAC were estimated from
Arrhenius plots of ln IR versus 1/T. The thermal decomposition of GSNO
and SNAC solutions (1mM) at 40 °C were also studied in the absence of
EDTA in order to evaluate the catalytic effect of trace metal ions present
in the reactants and water on the reactions. The effect of EDTA on the
stability of GSNO and SNAC solutions (1mM) was evaluated at 40 °C
(pH 7.0) with or without EDTA (0.1 wt%).

2.6. pH effect on the kinetics of GSNO and SNAC decomposition

The pH effect on the GSNO and SNAC decomposition was analyzed
in the pH range 3–13. The required pH values were obtained using
buffer solutions of Na2HPO4/citric acid (pH 3, 5 and 7) and glycine/
NaOH (pH 9, 11 and 13) at 25 °C. The GSNO and SNAC solutions
(1mM) at the above-mentioned pH values were prepared by dissolving
solid GSNO or diluting stock SNAC solution (50mM) in the corre-
sponding buffer solutions. The pH values of the solutions were mea-
sured with a micro pH electrode and a pH meter (Denver Instruments,
Arvada, Colorado, USA).

2.7. Nitrite quantification

The generation of nitrite (NO2 ) ions in the decomposition of GSNO
at pH 13 was characterized by selectively reducing NO2 to NO with
ascorbic acid, followed by NO detection and quantification by ozone-
based chemiluninescence using a NO Analyzer (NOA 280i, Sievers)
operating at 6.0 psig of O2 and 7.0 Torr of N2 [50]. After the beginning
of the decomposition of GSNO solution at pH 13 (carried out in a vial
with a rubber septum), aliquots of 4 μL were extracted from this solu-
tion every 15min and injected in the reaction flask of the NOA, during
2 h, which is the time necessary for the complete vanishing of the ab-
sorption band of GSNO at 336 nm at pH 13. A calibration curve for NO2
was obtained in the range of 12.5–500 μmol L−1 using a standard so-
dium nitrite solution.

2.8. Light-induced decomposition of GSNO and SNAC solutions

SNAC and GSNO solutions 1mM were placed in 25mL glass vials
and continuously exposed to room light for evaluating their photo-
chemical decomposition. Control experiments were performed under
the same conditions with the vials protected from light with aluminum
foil. Room light intensity on the top of the laboratory bench was
measured at the wavelengths 336 and 545 nm using a radiometer Cole
Parmer H-97503. The readings at these wavelengths were 55 and
41.5 μW cm−2, respectively.

3. Results and discussion

3.1. Synthesis of GSNO and SNAC

GSNO and SNAC were synthesized through the S-nitrosation reac-
tions of the parent sulphydril-containing GSH and NAC by acidified
nitrite. Under acidic conditions, nitrite is protonated yielding nitrous
acid (HOeNO). The nitrosonium cation (NO+) present in the charge-
separation structure of HOeNO performs a nucleophilic attack on the
sulfur atom of the sulphydryl (eSH) group, followed by the elimination

of a water molecule, leading to the formation of the S-nitrosothiol
moiety, according to the following general equations:

NO2− + H+→HNO2=HOδ−—NOδ+ (7)

HOδ−—NOδ+ + RSH → RSNO + H2O (8)

The formation of GSNO and SNAC in the S-nitrosation of GSH and
NAC, respectively, were confirmed by their characteristic absorption
bands at 545 and 336 nm. The stabilizing effect of EDTA on the de-
composition of GSNO and SNAC was confirmed by comparing their
decomposition profiles under accelerated thermal decomposition con-
dition (40 °C). The significant reduction in the decomposition rates of
both GSNO and SNAC in the presence of EDTA (Fig. S2) is in accordance
with other reports on the catalytic action of trace copper ions on the
thermal decomposition of RSNOs [51]. Therefore, the kinetic behavior
of GSNO and SNAC solutions in all the other experiments of the pre-
sence study was characterized in the presence of EDTA 0.1 wt%.

3.2. Concentration effect on GSNO and SNAC decomposition

We have previously reported that the thermal decomposition of
aqueous S-nitrosocysteine (CysNO), SNAC and GSNO solutions is sub-
jected to an autocatalytic effect, which is reflected in increased rate
constants of decay with increasing initial concentration [34]. This effect
was assigned to the secondary bimolecular reactions between the thiyl
radicals, formed in the primary homolytic cleavage of the SeN bond of
the SeNO group and intact RSNO molecules, which leads to the for-
mation of SeS bonded dimers and further free NO release. The second
possible fate of the thiyl radicals is dimerization with another thiyl
radical. Therefore, the higher the rate of primary production of thiyl
radicals, the higher is their autocatalytic action on intact RSNO mole-
cules (Fig. 2). In addition, the geminate recombination of the NO· and
RS· radicals is also subjected to the cage effect of the solvent [13,52].
Since, at the beginning of the reaction, the concentration of intact
RSNO molecules is much higher than the concentration of thiyl radicals,
the kinetic behavior of the decomposition reactions follows, in general,
a pseudo-first order law.

To evaluate the long-term concentration effect on the thermal de-
composition profiles of GSNO and SNAC solutions, we monitored their
decompositions in the concentration range of 1–50mM at 25 °C, pro-
tected from light, at pH 7 for 80 days. The kinetic curves obtained are
shown in Fig. 3 A and B. These curves were fitted to first order decay
equations, from which the pseudo-first order k values and the corre-
sponding half-lives (t1/2) were extracted (Table S3, Fig. 3C). It can be
seen that k values increase consistently with the increase in the initial
concentration for both GSNO and SNAC solutions. At low initial con-
centrations (1–2mM), the decomposition pathway is expected to be
governed by the primary spontaneous homolytic cleavage of the SeN

Fig. 2. General mechanism of primary RSNOs thermal decomposition showing
the formation of thiyl radical and free NO in a primary process (K1), followed by
secondary reactions that may involve the bimolecular reactions between the
thiyl radical and an intact RSNO molecule (autocatalytic reaction, K2) or be-
tween two thiyl radical (K3), leading in both cases to the formation of S-S bound
dimers.

G.F.P. de Souza et al. Nitric Oxide 84 (2019) 30–37

32



bond, so relatively low k values are obtained compared with the de-
compositions at higher initial concentrations, where the autocatalytic
effect of the thiyl radicals operate, promoting a parallel reaction with
intact RSNO molecules.

It can also be seen that in all cases GSNO led to higher k values than
SNAC. Doubling the GSNO concentration from 5 to 10mM and from 10
to 20mM, led to 1.8 and 1.9-fold increases in k, respectively. No sig-
nificant difference was observed between the k values of GSNO 40 and
50mM, probably due to the lower quality of the curve fittings at these
concentrations. Doubling the SNAC concentration from 5 to 10mM and
from 10 to 20mM led to 2.4 and 2.3-fold increases in k, respectively
and a further 1.5-fold increase in k was observed with the increase in
the initial concentration from 40 to 50mM. Overall, these results show
that while both RSNOs are subjected to the autocatalytic effect of
concentration, GSNO is more sensitive to this effect than SNAC.

The higher intrinsic stability of SNAC compared to GSNO is likely to
be associated with the establishment of an intramolecular hydrogen
bond between the carbonylic oxygen atom of the acetamido group
(eNHCOCH3) and the hydrogen atom of the protonated carboxylic
group of the molecule, leading to the formation of a stable seven-
membered ring (eHeOeCeCeNeCeOe) and to an increase in the
strength of the SeN bond, as we reported before [34].

3.3. Temperature effect on the GSNO and SNAC decomposition

The long-term temperature dependence of the thermal decomposi-
tion reactions of GSNO and SNAC solutions 1mM in the temperature
range of 15–40 °C are shown in the kinetic curves of Fig. 4 A and B,
respectively. A significant increase in the rate of decomposition is ob-
served for both GSNO and SNAC with the increase in temperature.
Although, in both cases, the kinetics is expected to be governed by the

primary unimolecular SeN bond cleavage reaction, the faster decay of
GSNO at all temperatures did not allow curve fittings to a first-order
exponential decay. Therefore, a comparative analysis in this case was
performed using the IR values of reactions, as described in Eq. (6) (Table
S4 and Fig. 4C).

It can be seen that the increments in the IR values with the increase
in temperature are similar for GSNO and SNAC in the temperature
range of 15–35 °C, while at 40 °C the IR of GSNO decomposition is 2.2-
fold higher than the IR of SNAC. The apparent Arrhenius activation
energies (Ea) of the decomposition reactions, calculated on the bases of
the IR values in both cases, led to similar Ea for GSNO and SNAC:
84 ± 14 and 90 ± 6 kJmol−1, respectively. These Ea values have the
same order of magnitude of the value reported elsewhere for GSNO
(60.5 ± 4 kJmol−1) [53], obtained in the absence of EDTA and pH
control. The relatively high Ea values obtained are also in accordance
with results reported by Bartberger et al. [54]. Based on computed free
energy of activation for the homolysis of primary RSNOs, these authors
predicted a half-life with respect to the SeN bond cleavage of
2.1 years at 37 °C. This prediction led to the conclusion that these ki-
netic parameters are too high and prohibitive for considering that the
homolytic cleavage mechanism operates for RSNOs under physiological
conditions. Our results reinforce this conclusion and allow suggesting
that other mechanisms, (e.g. transnitrosation across cell membranes)
are involved in the transfer of NO from circulating primary RSNOs to
other target molecules, in line with other reports [55–58].

The higher thermal stability of SNAC compared to GSNO is in ac-
cordance with its higher stability regarding the auto-catalytic effect of
concentration shown in Fig. 3. Again, this difference may be associated

Fig. 3. Kinetic curves of decomposition of aqueous GSNO (A) and SNAC (B)
solutions and first order rate constants (k) (C) in the concentration range of
1–50mM. All solutions were maintained at 25 °C protected from light at pH 7 in
the presence of EDTA 0.1 wt%. For the spectrophotometric monitoring condi-
tions used see Table S1.

Fig. 4. Kinetic curves of decomposition of aqueous GSNO (A) and SNAC (B)
solutions 1mM and initial decomposition rates (IR) (C) in the temperature range
of 15 to 45 °C. All solutions were maintained at 25 °C protected from light at pH
7 in the presence of EDTA 0.1 wt%. Absorbance measurements based on the
decay of the absorption band with maximum at 336 nm.
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with the increased stability conferred to SNAC by the intramolecular
hydrogen bonding involving the acetamido and carboxylic acid groups,
as discussed above. Overall, these results show that both GSNO and

SNAC solutions 1mM can be considered quite stable at 15 °C. In fact,
SNAC decomposition over a period of 50 days at 15 °C is not significant,
opening perspectives for its broader use as an experimental NO donor
molecule.

3.4. pH effect on the GSNO and SNAC decomposition

To assess the long-term pH effect on the decomposition pathways of
GSNO and SNAC solutions, their kinetic behaviors were studied in the
pH range of 3–13 over 30 days. The kinetic curves obtained are shown
in Fig. 5 A and B. It can be seen that pH lower than 5 and higher than 9,
significantly increase the rate of decomposition of both GSNO and
SNAC. Interestingly, the rates of decomposition were the lowest around
the neutral physiological pH and was greatly increased at pH 11 and 13,
specially for GSNO. Except for the data obtained at pH 3, which could
be fitted to first-order exponential decays, the straight lines of Fig. 5 A
and B were obtained by linear regression of the data and were used to
calculate the IR values of the reactions. These values (including the IR
for the initial sections of the curves at pH 3) are shown in Fig. 5C and
Table S5, which also shows the estimated t1/2 values of reactions in
each case. As can be seen, the t1/2 values at pH 7 are surprisingly long
(50.4 days and 46.2 days for GSNO and SNAC, respectively) having the
same order of magnitude of those obtained for the SNAC solutions
1mM at pH 7.0 at 25 °C (Table S4). In a physiological point of view, the
increased stability at pH 7 is in accordance with the fact that GSNO is
identified as an endogenous NO carrier capable of transporting NO in
the plasma to distant targets [59,60]. In this respect, it calls attention
that SNAC is even more stable than GSNO in a wider pH range with

Fig. 5. Kinetic curves of decomposition of aqueous GSNO (A) and SNAC (B)
solutions 1mM and initial decomposition rates (IR) (C) in the pH range of 3–13.
All solutions were maintained at 25 °C protected from light at pH 7 in the
presence of EDTA 0.1 wt%. Absorbance measurements based on the decay of
the absorption band with maximum at 336 nm.

Fig. 6. Kinetic curves corresponding to the spectral changes (inset) monitored at 336 and 420 nm during the decomposition of GSNO 1mMat pH 13 (A). Kinetic
curve of nitrite formation in the GSNO decomposition at pH 13, quantified by chemiluminescence (B). The experiments were performed in the dark with EDTA 0.1wt
% at 25 °C.

Fig. 7. Schematic representation of the mechanism of GSNO decomposition in
basic medium (pH 13).
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GSNO/SNAC decomposition ratios of 13.4, 33.5 and 21 at pH 9, 11 and
13, respectively. These results differ from the those reported by by
Heikal et al. [42] who showed higher GSNO stability at pH 4 up to 3 h.
However, it must be considered that the long-term monitoring herein
shown may reveal differences in the kinetic behavior of the RSNOs,
which cannot be evaluated in short-term monitoring.

To further investigate the fast GSNO decomposition at pH 13, we
monitored its decomposition at this pH spectrophotometrically, with
data acquisition every 10min, during 4 h. In addition to the exponential
decay of the absorption band of GSNO at 336 nm, this monitoring re-
vealed a transient band with maximum at 420 nm, which starts ap-
pearing as soon as GSNO is exposed to the pH 13.

The maximum of this transient band is reached after 2 h, and after
4 h it is completely bleached (Fig. 6A). A parallel monitoring of this
reaction for the detection and quantification of nitrite (NO2−) by che-
miluminescence revealed a continuous formation of NO2− with max-
imum achieved after 2 h, hence, correlated with the full bleaching of
the transient band at 420 nm (Fig. 6B). These spectral changes suggest
that an intermediary nitrated species is responsible for the transient
band at 420 nm. It has already been reported that the degradation of
RSNOs in basic medium may involve a nucleophilic attack of the hy-
droxyl anion (OH−) on the nitrogen atom of the nitrosyl group [38],
yielding an intermediate (RS-NO22-) Based on the correlation between
the bleaching of this transient band and the evolution of the NO2−

concentration, we assigned this transient band to the (GS-NO2-) inter-
mediate, which undergoes further decomposition yielding the parent
GS− thiolate anion and NO2− (Fig. 7).

A similar nucleophilic attack of the OH− anion on the nitrosyl
group, followed by NO2− formation, was reported for the decomposi-
tion of sodium nitroprusside in basic medium [61]. In fact, the sus-
ceptibility of RSNOs to the nucleophile attack of other species (e.g.
SO3

2 , S2
2 and H2O2) has also been reported and can take place at pH

just below 7, such as in acidosis condition [38,62].
The fast decomposition of GSNO in basic medium can therefore be

assigned mainly to the above-described mechanism. Although in the
case of SNAC, the formation of the intermediary nitrated species could
not be observed, it is likely that the same mechanism operates in its
decomposition in basic medium.

The increased rates of GSNO and SNAC decomposition at pH 3 are
much less pronounced than at high pH as can be seen in Fig. 5. As
reported by Moran et al. [43], at pH values lower than 7, GSNO and
SNAC undergo acid-catalyzed hydrolysis due to the protonation of the
sulfur atom of the SeNO group, thus facilitating the nucleophilic attack
by the oxygen atom of the water molecule on the nitrogen atom of the
NO group, generating an intermediary complex ([RS—NO] +), which
undergoes hydrolysis producing the parent thiol.

Further studies should address the relative contribution of this
mechanistic pathway, compared to the bimolecular dimerization
pathway (Eq. (1)).

3.5. Room light effect of the GSNO and SNAC decomposition

Fig. 8 shows the kinetic curves of decomposition of GSNO and SNAC
solutions 1 mM at 25 °C in the dark and under room light exposure,
during 7 days. It can be seen that room light at an intensity normally
found over laboratory benches, leads to a 5-fold increase in the initial
rates of decomposition of both GSNO and SNAC, compared with the
rates observed in the dark. This acceleration is explained by the ex-
citation of the photoactive absorption bands of primary RSNOs at 336
and 550 nm, which populate the π* anti-bonding orbital of the SNO
group, weakening the SeN bond and leading to NO ejection, as already
reported elsewhere [35,63]. The present results highlight the im-
portance of protecting aqueous RSNOs solutions from room light during
all the laboratory procedures.

4. Conclusions

GSNO and SNAC solutions are subjected to the autocatalytic effect
of the thiyl radicals formed in the primary homolytic SeN bond clea-
vage, which is much more pronounced for GSNO than for SNAC at
concentrations above 20mM. GSNO and SNAC solutions undergo
thermal decomposition in the dark with apparent Arrhenius activation
energies of 84 ± 14 and 90 ± 6 kJmol−1, respectively. SNAC stabi-
lity is not affected by the pH in the pH range of 5–11. Both RSNOs are
slightly less stable in acidic medium up to pH 3, while their decom-
position rates are greatly increased above pH 11 for GSNO and pH 13
for SNAC. The accelerated GSNO decomposition in basic medium is
associated with the formation of a transient nitrated species
(GSNO22−), which undergoes decomposition, forming GSH and nitrite.
Both GSNO and SNAC solutions are similarly sensitive to normal room
light, which reduces their half-lives from 1.2 to 0.57 days. At con-
centrations equal or below 1mM, in the pH range of 5–9, in the pre-
sence of a metal chelator and protected from light, GSNO and SNAC
solutions can be considered quite stable and SNAC solution, in parti-
cular, can be stored over more than one month at 15 °C with negligible
decomposition.
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Fig. 8. Kinetic curves of decomposition of aqu-
eous GSNO and SNAC solutions 1mM in the
presence of EDTA 0.1 wt% at 25 °C and pH 7 in
the dark and under room light exposure (A) and
corresponding initial rates of decomposition (B).
Absorbance measurements based on the decay of
the absorption band with maximum at 336 nm.
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