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Peroxynitrite is formed whetNO is added to oxygenated solutions of hydrogen-peroxide. The formation rates
and the yields of peroxynitrite were determined using the stopped-flow technique at pH17/% The
stoichiometry of this process has been determined, and is giverNgy 4 O, + 2H,0, — 20NOO™ + 2NO,~

+ 4H*. Kinetic studies show that the rate law of the nitrosation process is given by)fdl{& ki[*NO]{O,]

with k; = (2.4+£ 0.3) x 1 M—2s71. The kinetic results are identical to those obtained for the autoxidation of
*NO, indicating that the rate determining step of the nitrosation process is the formation of ONOONO (or QNONO
or O;NNOy), which is the precursor oNO, and of NOs. The stoichiometry of the nitrosation process suggests
that *NO, and/or NOs are the reactive species. Competitive kinetic studies demonstrate that the yield of
peroxynitrite is independent oNO concentrations, indicating that the reactive intermediate,{3;N The rate
constant of the reaction of J®; with HO,~ was determined to be (18 0.6) x 10° M~1 s71, whereas that with

H.0; is at least 4 orders of magnitude lower. The nitrosation gDy *NO takes place only in the presence

of oxygen, and under the conditions of this study, we found no evidence for the direct nitrosatio®.0byH

*NO.
Introduction also reported that the reaction*dfO with H,O, takes place in
Peroxynitrite is a toxic compound that oxidizes a large variety alkaline solutions in the absence of oxygénPetriconi and
of biomolecules such as sulfhydryidipids2 enzymes and Pape#® have shown thalNO, does not react with alkalineJ8,

DNA.4 It is a weak acid (K. = 6.8) that decays rapidly to 1O form peroxynitrite, whereas the reactionrNf with aerated
NOs;~ and H* at a rate of 1.3 at 25°C 56 Peroxynitrite ion alkaline HO, gives low yields of peroxynitrite2%). Blough
(ONOO") is relatively stable species, which exhibits a broad and Zafiriod®found no evidence for such a reaction. The direct

absorption spectrum with a maximum at 302 nm=( 1670+ addition of*'NO to deaerated alkaline solutions of®} did not
50 M~ cmr1).7 produce the characteristic absorption of peroxynitrite at 302

Peroxynitrite can be formed through the diffusion-controlled "M Furthermore, Seddon and Suttéhave demonstrated
reaction of*NO with O~ (k = (4.3-6.7) x 10° M1 571) 89 that a thermal reaction betwee&dO and HO, occurs at room
through the reaction of nitroxyl anion (NQ with molecular ~ temperature (kD; + 22NO — 2HNO,) and that the rate is so

oxygenl®12 and through the nitrosation of 8,.13-15 Only slow in neutral solutions that, in mixtures of 19M H,0, and

the occurrence of the reaction dfO with O, has been 2 MM *NO, the reaction consumes less than 2% of ta@n

demonstrated in biological systerfs.? 3 h. At pH 12, the thermal reaction consumes 100 H;0>
Halfpenny and Robinsdfreported that the reactions tO in saturatedNO solution in less than 30 mt. _

and *NO, with alkaline HO, give peroxynitrite. They have Since *NO is not a nitrosating agent, the formation of

peroxynitrite by'NO/H,O, most probably requires oxygen, and
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Table 1. Typical Results Obtained under Various Experimental Conditions

Kobs = Klel, Kobs S71
[O2]e, M [*NO]o, M [H202]0, M pH AODsp, s }(2nd order) (1st order)
1x10°3 15x 10+ 7.2x 1072 9.4 0.097 16.4
1x10°8 3.0x 10 6.0x 1072 10.0 0.225 14.6
1x10°8 15x 10+ 7.2x 1072 10.4 0.101 11.4
1x 108 3.0x 10 7.2x 1072 10.4 0.192 12.3
1x10°3 9.2x 10°% 7.2x 1072 104 0.060 104
1x10°3 15x 10 1.8x 1072 104 0.099 12.9
5x 10 15x 10+ 1.8x 1072 104 0.095 6.8
2 x 10 6.0x 1075 1.8x 1072 104 0.036 25
1x10°3 15x 10+ 3.6x 1072 11.7 0.102 8.8
1x10°3 15x 10 1.2x 1072 11.7 0.098 9.5
4 x10° 15x10°3 7.2x 107? 10.3 0.110 5.6
4x10°° 15x 1073 9.0x 1073 10.0 0.101 4.8
4x 105 7.5x 10 9.0x 1073 10.0 0.106 15
4x 107 5.0x 10 9.0x 1073 10.0 0.097 0.53
4x 105 15x 1073 0.11 9.0 0.107 5.9
4x10° 15x 1073 0.144 8.1 0.108 5.9
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Figure 1. Spectrum of the species measured 30 s after the mixing of S o104 /
*NO-saturated solutions with oxygenatedd solutions. The pH as ()
measured at the outlet was 10.0, and the final concentrations were 0.3 0.08
mM *NO, 1 mM G, 5 mM borate buffer, 10eM EDTA and (a) 60
mM H;0O;, (b) 30 mM H0O,, or (c) 0.85 mM HO.. The blank solution 0.06 —
was the same mixture without,8,. T ,’/ T T T
0 1 2 100 200 300 400 500
by passing it through a series of scrubbing bottles containing 50% Time (s)

NaOH and distilled water in this order. The solutions in the traps were

first deaerated by purging them with Helium for an hour. Nitric oxide Figure 2. (a) Kinetic trace of the formation of the absorbance at 302
solutions were prepared in gastight syringes by purging first the M underllmltlng concentration OoNO at pH 10. The final concentra-
solutions (containing 2 mM phosphate or 5 mM borate buffers) with tions after the mixing were 0.3 mMNO, 1 mM C;, 60 mM HO;, 5
helium to remove @ followed by bubbling for 30 min withNO. The mM borate buffer, and 10aM EDTA. (b) Kinetic traces of the

*NO-saturated solutions (1.8 mM at 22 and 690 mmHg} were stored formation _and decay of the absorbance at 392 nm under "_"?'“”9
. ) : ) . ' concentration of @at pH 10. The final concentrations after the mixing
in syringes and subsequently diluted with helium-saturated solutions were 1.5 mMNO, 404M Os, 9 mM H,0,, 5 mM borate buffer, and

to the desired concentrations by the syringe technique. 1004M EDTA.
The concentration of ¥D, was determined with the Fricke dosimeter
(10 mM Feé in 0.8 N H;SQy) usingesoFe") = 2200 M™* cm.26 effect on the measured yields and rates in our system. The pH was

Stopped-flow kinetic measurements were carried out using a Bio measured at the outlet.
SX-17MV sequential stopped-flow instrument from Applied Photo-
physics. A xenon lamp (Osram XBO 150 W) produced the analyzing Results
light, and a Hammamatsu R928 photomultiplier was used for the . Lo .
measurements. The formation of peroxynitrite was followed at 302 () Limiting Concentrations of *NO. When oxygen-
nm. The optical path length was 1 cm. Each value given is an average Saturated solutions containing® and EDTA were mixed with
of at least five measurements. All measurements were carried out at’NO solutions to yield final concentrations of 8:2 mM O,
21.5°C. Phosphate and borate buffers were used, and unless otherwis€.06—0.3 mM*NO, 0.0825-72 mM H,O,, and 10uM EDTA
stated, the final mixtures contained 108 EDTA. The latter had no at pH 9.1-11.7 (5 mM borate buffer at pH 9:110.4), a rapid
formation of an absorption with a maximum at 302 nm was

(25) Lange’s Handbook of Chemistry3th ed.; Dean, J. A., Ed.; McGraw- ~ observed (Figure 1). The rate of the formation was second

Hill: New York, 1985; p 10-5. order. A typical kinetic trace is given in Figure 2a. The
(26) g’%ton' G. V.; Stuart, C. Rl. Chem. Soc. Faraday Trank995 91, observed rate constant was linearly dependent o, [@nd
(27) Beckman, J. S. Ifihe Biological Chemistry of Nitric Oxidé;ancster, decreased slightly with the increase in pH (Table 1). The yields

J., Ed.; Academic Press, New York, 1995; p 140. of the absorbance increased with{B] (Figure 3). The
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Table 2. Observed First Order Decay of the Absorbance at 302 nm under Various Conditions

kdecay st
[O2]0, M [*NO]o, M [H202]0, M pH measd calcd
4% 105 15x 103 7.2x 102 7.5 (10 mM phosphate) 0.19 021
4 x10°° 15x 103 1.44x 101 7.7 (10 mM phosphate) 0.13 034
4% 107 15x 103 2.2x 1073 8.0 (10 mM phosphate) 0.080 0.077
4x10°° 15x 1073 7.2x 1072 8.1 (10 mM phosphate) 0.066 0.062
1x10°8 15x 10 9.0x 1073 9.1 (5 mM borate) 0.028 0.025
1x 108 15x 10 7.2x 1072 9.4 (5 mM borate) 0.012 0.013
4% 10° 15x 1078 3.3x 1078 10.0 (5 mM borate) 0.0061 0.0032

aThe literature values for the rate constant of decay of peroxynitrite in phosphate buffer were calculated assuming that the rate constant of the

decay of peroxynitrite is 1.3°$ and (K = 6.8%6 PIn the presence of high concentrations of various buffers, including borateKtlie ghifted

toward 7.9-8.0 whereas the rate constant remains 1¥sThe specific

concentrations of the buffers were not indicatékhe best fit of the

measured rate constants in the presence of 5 mM borate is to a rate of AdsK = 7.4.
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Figure 3. Double reciprocal plots of the change in the absorbance at
302 nm with varying the concentration ok®&:: (+) pH 10.4, 5 mM
borate buffer; @) pH 11.7. All solutions contained 0.15 mMIO, 1

mM O, and 100uM EDTA.

asymptotic value at constartNO] was the same at all pH’s,
but was achieved at different concentrations @O (Figure

3). The maximum yields were linearly dependent a¥d],,
resultingAOD3od[*NO], = 700+ 40 M~ cm™1 (Table 1). The
absorption decayed back to its initial value via a first-order

kinetics with a highly pH-dependent rate constant (see below).

The kinetics of the formation of the absorbance could not be
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Figure 4. Double reciprocal plots of the change in the absorbance at
302 nm with varying the concentration ot€,: (®) pH 8.1, 10 mM
phosphate buffer;®) pH 10.25, 5 mM borate buffer. All solutions
contained 1.5 mMNO, 40uM O,, and 100uM EDTA.

0.3 mM*NO at pH 8.3-9.3 (10 mM phosphate or 5 mM borate
buffers, 100uM EDTA), AOD3p, = 0.01-0.05. The rate of
the formation of the absorbance was second ordeN®] and
zero order in [HO;]. The absorbance decayed via a first-order

determined below pH 9 because the decay of the absorbance iprocess, and the observed rate constants were identical to those

already within the time scale of the formation process.

(ii) Limiting Concentrations of O, When air-saturated
solutions containing kD, and EDTA were mixed withtNO
solutions to yield final concentrations of 8:3.5 mM*NO, 40
uM O, and 1.44x 10~*to 0.144 M HO, at pH 8.1-10.0 (10
mM phosphate or 5 mM borate buffers), the rate of the formation

measured in the presence of oxygen at the same pH. These
results indicate that the formation of the absorbance is due to
contamination of the solutions withOwhich is most probably
formed from slow decomposition of&,. We calculated from

the comparison of the yields in deaerated and oxygenated
mixtures that under our conditions, the contamination of the

of the absorbance was first-order. Typical kinetic traces of the final mixtures with oxygen is 418 uM.
formation and decay of the absorbance at 302 nm are given in__ )
Figure 2b. The observed first order rate constant was linearly Discussion

dependent on*NO],? (Table 1), yielding a third order rate
constant of (2.4+ 0.3) x 1® M2 s71. The yields of the
absorbance depended on pH and increased wig®{HFigure

4). The asymptotic value was the same at all pH'’s, yielding
AOD30d[07]o = 2750 &+ 250 Mt cm™! (Figure 4). The
absorption decayed back to its initial value by a first order
kinetics, with a highly pH-dependent rate constant (Figure 2b,
Table 2). The kinetics of the formation was not studied below

When*NO is added to oxygenated,8, solutions at pH>

7.5, an unstable species is formed. The spectrum (Figure 1)
and the stability of this species as a function of pH (Table 2)
indicate that peroxynitrite is formed. Peroxynitrite oxidizes
H,0, via an indirect oxidation pathway, where the rate of the
oxidation is zero order in [bD;] at acid pH's?® It has been
demonstrated that the rate of the decay of peroxynitrite decreased
by 50% in the presence of high {B,] at alkaline pH’s2® but

pH 8.0 as the decay of the absorbance is already within the we find no evidence for such a decrease in our system (Table

time scale of the formation process.

The vyield of the absorbance in the absence of oxygen was

very small. In mixtures containing 488 mM H,O, and 0.15-

2)_28

(28) Alvarez, B.; Denicola, A.; Radi, Chem. Res. Toxical995 8, 859.
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The rate of the formation of peroxynitrite in th&8lO/O,/
H.0, system is second order irNO] and first order in [Q].
The third order rate constant measured under limiting concentra-
tions of O is (2.4 + 0.3) x 10° M~2 s71, which is identical
within experimental error to that of the autoxidatiorti 2224
This result shows that the rate determining step of the nitrosation
of H,O; in oxygenatedNO solution is the same as that of the
autoxidation offNO. The ratio between the nitrosation yields
under limiting concentrations of SAODzx2[02], = 2750+
250 M1 cm™Y) and under limiting concentrations oNO
(AOD3pJ[*'NO], = 700 + 40 M1 cm?) is 3.9 + 0.5.
Therefore, the stoichiometry of the whole nitrosation process
is given by eq 1, whereas that of the autoxidatiorrd® is

4NO + 0, + 2H,0,—~ 20NOO + 2NO,” + 4H" (1)
given by eq 2224

4NO + O, + 2H,0— 4NO,” + 4H" @

We have recently shown that the rate determining step of
the autoxidation ofNO is the formation of ONOONO (or
ONONG;, or O;NNOy), and that the overall process can be
described by reactions—3 .22

*NO + O, = ONOO (or NO"0,)* €)

ONOQO (or NO--+O,) + 'NO —
ONOONO (or ONONQor O,NNO,) (4)

ONOONO— 2'NO, (5)
"NO, + *NO = N,0;, (6)
N,O, + H,0— 2NO,” + 2H" @)

According to this mechanism, and under the condition where
k—3 > kq4[*NQ], rate eq 8 is obtained for whid = ksks/k—3 =
(2.0-2.9) x 1P M2 g 122724
_1d[NO]_  d[0] _1dINO, ] _kk{[NOF[O,] _

4 dt dt 4 dt k_5+ k,['NO]

k['NOJTO,] (8)

As the stoichiometry of the nitrosation process is given by
eq 1, rate eq 9 is obtained irrespective of the detailed mechanism

_1d[NO] _ d[O] _1d[ONOO]
4 d  dt 2

= ky['NOJF[0O,] (9)

The rate of the nitrosation process was determined by
following the formation of ONOO at 302 nm. Under limiting
concentrations of & each Q yields 2 ONOO, and therefore
rate eq 10 is obtained for the formation of peroxynitrite. Under
d[ONOO J/dt = 2k,['NOJ[0,] =

2k,['NOJ?0.5([ONOO ], — [ONOO ]) =
kl['NO]Z([ONoof]oo —[ONOO]) (10)

limiting concentrations ofNO, each*NO yields 0.5 ONOO,
and therefore rate eq 11 is obtained for the formation of

(29) McKee, M. L.J. Am. Chem. Sod995 117, 1629.

Goldstein and Czapski

d[ONOO /dt = 2k,['NOJF[0,] =
2k,[0,]{2(]ONOO],, — [ONOO ))}* =
8k,[0,] ([ONOO],, — [ONOO 1)? (11)

peroxynitrite. Thus, irrespective of the detailed mechanism of
the nitrosation process, the rate constant determined by following
the formation of peroxynitrite under limiting concentrations of
O, or °NO is k; or 8k, respectively. We have determin&gd
= (2.44 0.3) x 10° M~2 s71 under limiting concentrations of
O, at pH 8.110.3, which is in excellent agreement with the
values determined for the autoxidation ®0.22-2* Under
limiting concentrations ofNO, and under the condition where
the maximum nitrosation yields were obtainkghd[O,] = 8ki/
€30d = 1.32x 10* M~1 s71 (Table 1). The value oflg was
determined to be (2.2 0.5) x 10’ M—2s71, using the literature
value ofezp, = 1670 Mt cm~L7 The value of & obtained
under limiting concentrations oNO is in agreement with the
value ofk; determined under limiting concentrations 0f.0

The stoichiometry of the nitrosation process (eq 1) indicates
that both*NO, and NO; may be the reactive intermediates.
The formation of peroxynitrite vieNO, can take place through
reactions 12 and 13. However, the feasibility of reaction 12 is
unknown. According to this mechanism, the nitrosation yield

‘NO, + H,0,—~NO,” + O,”” + 2H" (12)

‘NO + O,”” — ONOO" (13)

will depend on {NO] due to the competition between reactions
12 and 6, 7 (eq 14).

[ONOOT] _
[ONOO s

klZ[H 202]0
kio[H,0,], + keky'NO] /(K¢ + k7)

(14)

In such a case, a plot of ADDsp, vs 1/[H0], yields a
straight line with intercept/slope= 1/S = kiak-s + k7)/
kekr"NO.

If the nitrosation takes place via,N; (eq 15), the yield of
peroxynitrite will be independent ofNJO] as the competition
is between reactions 7 and 15 (eq 16).

N,O, + H,0,—~ ONOO + NO,” +2H"  (15)

[ONOO] _ kdH:0Ojl,
[ONOO J,ax  KaslH200lo T k7

(16)

In this case, a plot of NOD3p, vs 1/[H,O;], Yields a straight
line with I/S = ksg/ks.

The results demonstrate that under all experimental condi-
tions, plots of 1AODsp; vs 1/[H,O7], Vield straight lines.
Typical plots are given in Figures 3 and 4. The value$/8f
are independent of*NIO], (Table 3), indicating that the
nitrosating species is /03, and hencd/S = kys/k;. From the
dependence of the valuesléBon pH (Table 3), it is concluded
that bothk; andk;s are pH-dependent (eqs 17 and 18), where

K, = Ky + ko JOH ] 17)

Ka

[H']
k +
e Ka [I |+]

k
K, HT]

(18)

kis =

kisaandkyspare the rate constants of the reactions gDpNwith
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Table 3
1/S= kyg/k K1s, M-1s1

[04o, M ['NOJo, M pH M-1a (k=2 x 10° + 1CF[OH ], 5713 Ka/(Ka +[H )"
4x10° 15x 1078 8.1 51.9 1.04x 10° 0.00025
4 x10°° 1.5x 1073 9.0 410 1.22< 10° 0.002
4x10° 1.5x 1078 10.0 1086 1.30¢ 107 0.0196
1x 108 3.0x 10 10.0 881 1.06¢< 10/ 0.0196
4x10° 15x 103 10.25 1435 2.84 107 0.0343
1x10°¢° 15x 10 10.4 2864 7.7k 107 0.048
1x 103 15x 10+ 11.7 2127 1.0% 10° 0.5

2] andSare the intercepts and the slopes of the straight lines obtained for plots\@Dié, vs 1/[HO2], as in Figures 3 and 4.The fraction
of HO,™ at a given pHKa = 2 x 10712 M).

"’ 2HNG, = N,03 + H,0
K= |(77/k7 =3.0x 10_3 t00.2 M—l 32-34

8 The recent value (3.08 0.23) x 103 M~133is in agreement
with the value calculated thermodynamically, (2£31.0) x
. 102 M~13* The rate constant of reaction7 has been
. determined in several systems to bel18.9 M st at 25
6 — °C323536 Ag these measurements were carried out in acid
solutions,kzq = 2970-4590 s1, which are higher than those
1 determined directlj%3! We have no explanation for this
discrepancy. We can only argue that our data is more consistent
4 T I T T . with k7, > 2 x 10°® s7 and that Gratzel's value is too low.
0 2 4 6 Due to the uncertainty in the valueslaf we cannot decide
+ which of the values 0kis,(3.9 x 1B or 1.6 x 10° M~1s1)is
-Log(Ka/(Ka*[H™]) better. Therefore, we have chosen kag, the average value
Figure 5. log kis as a function of-log(K#/(Ks + [H*])), whereK, = of (1.0£ 0.6) x 1® M~1s71, and hencégs, < 1.0 x 1P M1
2 x 1072 M is the dissociation constant of,8,. ks was calculated  s71. These results are in agreement with the literature data,
from the values ol/S (Table 3) using @) k» = (2 x 1CF + 2.5 x which demonstrate thatJ®; (an electrophilic agent) nitrosates
1070H ) s™ and @) k; = (9 x 10° + 10°[OH"]) st in orderto get 0 free hase form of the substrate (a nucleophilic agent) with

the best fit of the data to a straight line with slopd. rate constants that vary between k40 and 5.9x 10° M~
5132,36-39

Logk1s

HO,~ and HO,, respectively, anK, = 2 x 10712 M is the N ] ]
dissociation constant of 4. Under the conditions of this study, we found no evidence
The rate constant of the hydrolysis 0b® (k;) has been for the formation of peroxynitrite via the direct reaction"O

determined earlier using the pulse radiolysis and flash photolysisWith H202. The very low yields of peroxynitrite that were
technique$®3! Gratzel et af® determineck; = 530 s1 at pH obtained in deaerated solution are attributed to the contamination

< 8 and 20°C, whereas Treinin and Hay®reported thak; of the solutions with oxygen since the rate of the formation of
= (2 x 10° + 108[OH"]) s at 25°C. As noted above, both peroxynitrite under these conditions was second ordeN®]

kis andk; are pH-dependent. Therefore, we used Treinin and @nd zero order in [bD,].

Hayon’s value for calculating;s from thel/Svalues (Table 3).

The variation ink;s with pH (Table 3) demonstrates that the Conclusions

rate constant of the reaction of,@ with HxO; (kisp) is We have demonstrated that the nitrosation e®jlby *NO

considerably lower than that with HO (kisg). takes place only in the presence of oxygen. The rate-
The rate constant of the reaction 0@ with HO,~ was determining step of this process is the formation of ONOONO

determined from the dependence lgk on KJ/(Ka + [H*]), (or ONONG, or O,NNO,), and therefore the rate of the

assuming that the reaction 068 with H.O, can be neglected  autoxidation of'NO is unaffected by the presence of®3.

(eq 18). A plot of logkss vs —log(Kd/(Ka + [H])) should yield Competitive kinetic studies have shown that the nitrosating
a straight line with slope-1 and intercept logus. However, species is B3, which is one of the intermediates formed during

using Treinin and Hayon’s value for,KTable 3), the plot of  the autoxidation ofNO. The rate constant of the reaction of

log kis vs —log (Kd/(Kat-[H])) yielded a straight line, but with  N,05 with HO,~ has been determined to be (100.6) x 10°
a slope—1.21 rather than-1. Thus, we made two best fits for M- 571, whereas that with kD, is lower than 1x 106 M1

plots with slope—1 by varying Treinin and Hayon’s value of g1,
k;. The first plot was obtained forsk= (2 x 10® + 2.5 x
10'[OH"]) s™, whereas the second plot was obtained fork (32) Williams, D. H. L. In Nitrosatiory Cambridge University Press:

(9 x 1C®* + 10°[OH™]) s~ (Figure 5). The rate constant of the Cambridge, U K., 1988. _

reaction of NOz with HO,~ was determined from the intercepts ~ (33) Markovitz, G. Y., Schwartz, G.Y.; Newman, Inorg. Chem.1981
i ® and 1.6x 10° Mt 51 B .

of these lines to be 3.9¢ 10° and 1.6 x : (34) Bruehlman, R. J.; Verhoek, F. B. Am. Chem. S0d948 70, 1401.

respectively (Figure 5). (35) Garley, M. S.; Stedman, @. Inorg. Nucl. Chem1981, 43, 2863.

N,Oj3 is also formed in the presence of high concentrations (36) Doherty, A. M. M.; Garley, M. S.; Howes, K. R.; Stedman, &.

;g Chem. Soc. Perkin Trans.1986 143.
of HNO; (ca. 0.1 M) and at moderate aciditi®s. (37) Cascado, J.; Castro, A,; Leis, J. R.; Quintela, M. A. L.; Mosquera, M.

Monatsh. Chem1983 114, 639-646.

(30) Gratzel, Von, M.; Taniguchi, S.; Henglein, Ber. Bunsen-Ges. Phys. (38) Goldstein, S.; Czapski, @. Am. Chem. S04996 118 3419-3425.
Chem.197Q 74, 488. (39) Kharitonov, V. G.; Sundquist, A. R.; Sharma, V. B5.Biol. Chem.

(31) Treinin, A.; Hayon, EJ. Am. Chem. S0d.97Q 92, 5821. 1996 270, 28158-28164.
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The reaction ofNO with H,O, has been used in the detection other substrates that are present in the medium (e.g., thiols,
of *NO in the picomolar range from perfused organ, based on amines), and the measured chemiluminescence will be only a
the chemiluminescence reaction of peroxynitrite with lumiffol.  low estimate of theNO concentration.

However, we found no evidence for the direct reactionN®d

with H,0; to yield peroxynitrite. As the nitrosating agentis ~ Acknowledgment. This research was supported by Grant
formed from the autoxidation oNO, it might also react with 4129 from The Council For Tobacco Research and by The Israel
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