Hydroxyl radical induced decomposition of S-nitrosoglutathione
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S-Nitrosoglutathione (GSNO) undergoes decomposition in-
duced by hydroxyl radicals (‘(OH) in aqueous medium at
neutral pH forming nitrite (NO,~) and glutathione disulfide
(GSSG) and therefore it is proposed that ‘OH could interfere
in the GSNO metabolism.

S-Nitrosothiols (RSNO) are important class of compounds
which are now believed to play a maor role in vivo in
connection with the storage and transport of nitric oxide (‘NO)
within the body.1.2 The mechanism of the formation of RSNO
from the reaction of ‘NO with protein thiols in the presence and
in the absence of oxygen is reasonably well understood.3-6 The
involvement of RSNOs in the storage and transport of ‘NO
within the body makes them potential candidates for medical
applications. For example S-nitrosoglutathione (GSNO) is
currently used to inhibit platelet aggregation during some
operations.”-8 Therefore, the kinetics and mechanism of the
release of ‘NO by RSNO isvery important. Excellent reportson
the kinetics and mechanism of the degradation of RSNO leading
to the release of ‘NO by metal ions and some nucleophiles are
now available.910 Reaction of S-nitrosocysteine (SNCys) with
hydrogen peroxide yields peroxynitrite anion.lt It is aso
reported that GSNO reacts with superoxide radicals (O>—)
generating glutathione disulfide (GSSG) and equimolar quan-
tities of nitrite and nitrate.12

Glutathione (GSH) is the most abundant sulfur-containing
intracellular entity (cellular concentration ca. 5 mM) and
therefore the endothelial nitric oxide has to diffuse through the
cellsin presence of GSH. This leads to the assumption that in
vivo conditions, the most likely S-nitrosation product could be
the GSNO.13 Hydroxyl radicals ((OH) are the main DNA
damaging agent which can be produced in vivo during oxidative
stress and on exposure to ionizing radiations.14 Understanding
of the reaction between -OH and GSNO is, therefore, amatter of
utmost importance in a biological perspective. The present
communication describes a novel reaction pathway for the
decomposition of GSNO in presence of ‘OH at neutral pH. To
our knowledge, thisisthefirst report on the reaction of ‘OH with
a possible reservoir for ‘NO in biological systems.

One of the major difficulties involved in the ‘OH reaction
with RSNOs is that the components of most of the OH
generating systems such as H,O, photolysis, Fenton reaction,
etc., themselves can induce degradation of RSNOs. In this
context, radiation chemical method is an ideal choice where
ionizing radiations such as y-rays can radiolyze water and
produce both oxidising and reducing radicals. Therefore, in the
present work we have used radiation chemical technique to
produce “OH as shown in reactions (1) and (2).

H20w—> ea;, H', OH, H2, H202, H30+ (1)

N2O + €4~ + H;O0 — ‘OH + OH — + N, 2

The yields of various radicals and molecular products are
normally expressed as G-values which are defined as the
number of molecules formed or destroyed per 100 eV
absorption of radiation energy, in Sl units, the yields are,
G(OH) = G(eq~) = G(H30*) = 0.28, G(H) = 0.062,
G(H-0,) = 0.072 and G(H,) = 0.047 umol J-115 In the
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presence of N,O the G("OH) = 0.56 and G(OH —) = 0.28 umol
J—1 as per reaction (2).

GSNO was synthesised from NaNO, in presence of HC|.16
N0 saturated solutions containing GSNO (10—3M) and EDTA
(10—4 M) at pH 7.3 wereirradiated at different dosesin a ¢°Co-
v-source and the decay of GSNO was monitored by both UV—
V1S spectrophotometry and HPLC. The unirradiated solution of
GSNO was found to be stable for many hours when protected
from light. The G(—GSNO) values obtained in both cases were
0.53 and 0.54 umol J-1 respectively. GSSG and nitrite were
found to be the major products of radiolysis from the HPLC
analysis. The decay of GSNO and the corresponding products
build up are shown in Fig. 1. The calculated G(GSSG) and
G(NO,~) are 0.13 and 0.41 umol J-1, respectively. The pH of
the solutions were determined before and after irradiation and a
dose dependent reduction in pH was observed which is
tabulated in Table 1. A blank solution without GSNO under
similar conditionswas also irradiated and obtained no major pH
changes.

A good material balance can be observed from the G(GSSG)
and G(NO, ™) values as G(—GSNO) = G(GSSG) + G(NO, ).
A minor contribution of NO,— is anticipated from the decay of
peroxynitrite which could be formed as a result of the reaction
of GSNO with H,O, formed during radiolysis, as reported
earlier.11 However, this contribution is expected to be < 0.072
umol J-1 [this value corresponds to G(H,0,) = 0.072 umol
J-1]. Therefore, the mgjor reaction is definitely between -OH
and GSNO. ‘OH generaly reacts with thiols including GSH by
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Fig. 1 Dose dependent decay of GSNO (@) at pH 7.3 and the corresponding
formation of NO,~ (O) and GSSG (A) determined by using HPLC
(Column: 25 cm, Nucleosil, 5C-18; eluent: mixture of sodium phosphate
(10—3 M) and sodium sulfate (10-2 M) in water; flow rate: 1 ml min—1; 4
= 210 nm).

Table 1 The observed pH changes in ay-irradiated N,O saturated solution
containing GSNO (10-3 M) and EDTA (10—4 M) at different dose values

Dose/Gy pH
0 7.3
525 5.9
1049 51
1574 48
2098 46
2728 41
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H-abstraction (from —SH) forming thiyl radicals (RS) as the
main intermediate as reported earlier.17:18 Although the sulfur is
bonded to NO in GSNO, the most potential site for ‘OH attack
is expected at the sulfur centre. On the other hand, the H-
abstraction reaction which is reported in the case of GSH will
not be possible in the present case. Therefore, based on the
above observations we propose areaction mechanisminvolving
the attack of ‘OH at the electron rich sulfur centre of GSNO
[reactions (3)—<6)]. Theinitial attack of ‘OH in GSNO (electron
transfer) would produce a highly unstable cationic species as
shown in reaction (3), which may lead to the breakage of the S-
N bond and result in the formation of GS and NO*. However,
such a cationic intermediate (GS*NO) is expected to be very
short lived and no experimental evidencefor itsexact identity as
well asits transnitrosation reaction [reaction (4)] is available at
thismoment. The subsequent reactions of NO* with OH— which
is formed as shown in reaction (3), can lead to nitrite and H*
formation. The combination of two sulfur centered radicals
(RS) and the corresponding formation of disulfide (RSSR) isa
well known reaction reported in the case of low molecular
weight thiols.2® Therefore, a similar radical—radical reaction of
GS is proposed for the formation of GSSG.

GSNO + OH — [GS*NQ] + OH— (©)]
[GS*NO] — GS + NO* 4
OH- + NO* — H*+ NO>— (5)
GS — 1GSSG (6)
Therefore, the overall reaction mechanism can be written as
GSNO + OH — £ GSSG + NO,~ + H+ 7

The dose dependent reduction in the pH values (Table 1)
provides clear support to the above mechanism. Further, we
exclude the possibility of the formation of nitrate asthe reaction
is carried out in N,O saturated solutions where the presence of
oxygen is insignificant.

In conclusion, the mechanistic aspects of the reaction of -OH
with GSNO, one among the biologically important S-ni-
trosothiols, have been proposed for thefirst time. Thefast decay
of GSNO in the presence of ‘OH and the corresponding
formation of nitrite and glutathione disulfide provide evidence
for the possible interference of “OH in the GSNO metabolism.
One more question to be asked from these findings is, does
GSNO have any sacrificial role like glutathione in terms of its
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protective role against oxidative stress? However, such a role
can be established only after a clear understanding of the
concentration of GSNO in vivo and of the exact rate constant of
‘OH with GSNO, which are yet to be investigated. Our work is
currently being concentrated in these directions.
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