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Nitrogen dioxide radical (NO3) is known as a toxic
agent produced in the metabolism of nitrates and
nitrites. By the use of the pulse radiolysis technique,
the mechanism of the reaction of NOj radical with
hydroxycinnamic acid derivatives (HCA) was studied
and the rate constants have been measured. The rate
constants were found to be 7.4x10% 7.2x10%
8.6 x 108dm®mol's™! for ferulic acid, sinapic acid
and caffeic acid, respectively. The reactions produce the
corresponding phenoxyl radical.
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INTRODUCTION

Nitrogen dioxide radical (NO3), produced by
combustion processes and by bacterial action, is
a common atmospheric pollutant.? It is a con-
stituent of tobacco smoke, and it can be generated
in aqueous systems, e.g., by acid decomposition
of nitrite and by exposure of nitrate or nitrite
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solutions to ionizing radiation. NO; is a strongly
oxidizing free radical (its one-electron oxidation—-
reduction potential in neutral aqueous solution,
E°(NO3/NO;) = 1.0V®!) and a toxic agent, and
several modes of the deleterious action of NO;j in
biological systems have been proposed. NO;
induces lipid peroxidation, as demonstrated by
its reactions with alkene in nonaqueous solutions,
and is believed to cause membrane damage and
cell death.*® NOj also oxidizes cysteine and
tyrosine residue in peptidesw'sl leading to loss of
enzyme activity. Therefore, many studies have
been focused on scavenging NO;. As natural
antioxidants, hydroxycinnamic acid derivatives
(HCA), including ferulic acid, sinapic acid and
caffeic acid, have been shown to scavenge OH
and O;* radicals effectively and to repair the
oxidizing OH adducts of DNA via electron
transfer reactions.® '3 In this work, the reaction
mechanism of NO; with HCA has been studied

tShanghai Institute of Radiation Medicine, Shanghai Medical University, Peoples Republic of China.

13

RIGHTS

i,



Free Radic Res Downloaded from informahealthcare.com by Library of Health Sci-Univ of 1l on 11/19/11
For personal use only.

14 ZHANG ZHOUEN et al.

by use of pulse radiolysis. A series of rate
constants for reactions with HCA were deter-
mined, k = (7.2-8.6) x 10°dm’mol™'s™". 1t is
shown that HCA are good scavengers of NO;
and possibly can be used as good protectants of
cell membrane and enzymes against oxidation by
nitrogen dioxide radical.

MATERIALS AND METHODS

Ferulic acid (3-methoxy-4-hydroxycinnamic
acid), sinapic acid (3,5-dimethoxy-4-hydroxycin-
namic acid), and caffeic acid (34-dihydroxy-
cinnamic acid) (>98%) purchased from Sigma
Ltd. were used without any purification. Nitrite
was recrystallized three times with triply distilled
water. All solutions were prepared with triply
distilled water and deoxygenated with high
purity nitrous oxide just before the experiments.

Pulse radiolysis experiments were conducted
by using a linear accelerator providing 8 MeV
electron pulses with a duration of 8 ns. The dose
of per pulse was determined by thiocyanate
dosimety using 10mmoldm™ KCNS solution
saturated with air and taking & = 7600dm’
mol™'em™ and G = 2.8 for (SCN);” at 480 nm.
In this work, the average pulse dosage for the
kinetic determination was 10Gy and all the
experiments for the spectra were taken in a flow
cell with an optical path length of 2 cm. Detailed
descriptions of the experimental set-up and
conditions were given elsewhere.["!

The NO; radical was generated by oxidation of
NO; by OH radical produced from pulse radi-
olysis of water containing 4 mmol dm:> sodium
nitrite and saturated with N,O,">® by the follow-
ing reactions:

H;O ~ OH, e;;, H, H;0* (1)
N2O+e;; —» N2+ OH+OH"™ (2)

ky = 6.5 x 10°dm® mol~s~!
OH +NO; — OH™ +NO; 3)

ks = 1.0x10"° dm® mol!s™!

k.
NO; + NO3 ké‘ N,O4 (@)
—4

ks = 3.8 x 107 dm® mol ! s7!

k_g = 5.8 x 102dm®mol 57!

The initial concentration of NOj can easily be de-
rived from primary radical yields, while Y(e;, =
0.28 umolJ ™!, Y(OH)=0.28 umol] ™}, Y(NO3) =
0.56 umolJ~! in the above system.”!

RESULTS

The reaction rate constants of OH radical with
nitrite, ferulic acid, sinapic acid and caffeic acid
have been determined as 1.0 x 10, 7.6 x 10°,
9.6 x 10°, 7.4 x 10° dm® mol~'s™" at pH 7, respec-
tively. Thus, the fraction of OH radical oxidizing
of nitrite were calculated to be 0.990,0.998, 0.991
for 4mmoldm™ sodium nitrite aqueous solu-
tions containing 0.05mmoldm™ ferulic acid,
sinapic acid or caffeic acid, respectively.

In the pulse radiolysis of N,O saturated neu-
tral aqueous solution containing 4 mmoldm™2
sodium nitrite and 0.05 mmoldm ™2 ferulic acid,
an absorption spectrum with a maximum at
350nm was observed at 20 us after the electron
pulse (Figure 1(A)). This spectrum is in good
agreement with the results obtained in the
oxidation of ferulic acid by Nj radical,’? and
can be assigned to the phenoxyl radical produced
by reaction of ferulic acid with nitrogen dioxide
radical.

HCA +NO; — HCA(-H)"+H' +NO; (5)

Figure 1(B) shows the change of absorption at
350nm with time after the pulse, showing
formation of the phenoxyl radical. The rate
constant for the reaction of ferulic acid with
nitrogen dioxide radical (reaction 5) at pH 7,
was determined to be 7.4 x 10°dm®mol~?s~! by
plotting the observed first-order rate constants
deduced from the formation of phenoxyl radical
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FIGURE 1 (A) Absorption spectrum of transient species formed in reaction of NO; with ferulic acid, which corresponds to
the phenoxyl radical PhO®, was observed at 20 ps in pulse radiolysis (average pulse dosage was 9Gy) of the N,O saturated
aqueous solution containing 0.05mmoldm™2 ferulic acid and 4mmoldm= NaNO, at pH=7. (B) The inset shows the

absorption-time profile recorded at 350 nm.
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FIGURE 2 The rate costant for the first-order reaction of
NO; with ferulic acid, which was determined from the rate
of build-up of PhO® absorption at 350 nm after pulse radi-
olysis of NyO saturated aqueous solution contain
4mmoldm™3 NaNO, and the ferulic acid at five different
concentrations from 0.02 to 0.06 mmoldm™2.

observed at 350nm vs concentration of ferulic
acid (in the range of 0.02~0.06 mmoldm™3)
as shown in Figure 2. The rate constants for
reaction of electron transfer from sinapic acid

TABLE I The rate constants k for reaction of NO; with
HCA

HCA k (108 dm®*mol~'s™)
Caffeic acid 8.6
Ferulic acid 74
Sinapic acid 7.2

or caffeic acid to nitrogen dioxide radical have
also been determined by the same way as listed
in Table L. ,

The molar extinction coefficients of the phe-
noxyl radicals of HCA derivatives have been
determined'™ to be around 24000, 59000 and
9000 dm> mol~* em ™" for ferulic acid, sinapic acid
and caffeic acid observed at 350, 360 and 360 nm
by use of KSCN as reference, respectively. Thus,
the G value of the phenoxyl radicals generated
from ferulic acid, sinapic acid and caffeic acid
oxidized by nitrogen dioxide radical, was calcu-
lated to be 4.96, 4.90 and 4.28 respectively. So HCA
derivatives can effectively scavenge nitrogen
dioxide radical via electron transfer.
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DISCUSSION

The rate constants for reactions of NO, with HCA
derivatives are much higher than those with
phenol (8.6 x 10°dm®’mol™"'s™' at pH=12.1)
and p-methoxyphenol (1.4 x 10%dm®mol~'s™
at pH=12)," indicating that the extended
conjugation in HCA derivatives makes them
easier to oxidize. Therefore HCA derivatives
can repair the oxidizing OH radical adduct
of dGMP with rate constants of electron
transfer reactions for ferulic acid, sinapic acid
and caffeic acid determined as 2.2 x 10%,2.5 x 10°,
and 2.5 x 10° dm® mol ! s, respectively.3!

Moreover, the rate constants for oxidation of
tyrosine and cysteine residues in peptides, ara-
chidonic acid and linoleate by NOj radical were
determined as 3.2 x 10°dm®mol~'s~ (pH=7.5),
24 x10°dm®mol's™! (pH=9.2), 1x10°dm?-
mol~!s™! (pH =9.0),2 x 10°dm>* mol s~ (pH =
9.4),7# respectively. They are all far lower than
those determined with HCA. It is expected that
HCA should be a good protectant of cell mem-
brane and enzymes against oxidation by nitrogen
dioxide radical.
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