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Abstract The �OH and �OOH radical scavenging activity

of N-acetylcysteine amide (NACA) has been studied using

density functional theory, specifically the M05-2X func-

tional. All possible reaction sites have been considered, and

the branching ratios have been estimated. The efficiency of

different mechanisms of reaction has been evaluated, and it

has been concluded that NACA reacts exclusively by

hydrogen atom transfer (HAT). The overall reactivity of

NACA toward OH radicals is proposed to be diffusion-

controlled in both non-polar and polar media. The values of

the overall rate coefficients are 3.80 9 109 and 1.36 9 109

L mol-1 s-1 for benzene and aqueous solutions, respec-

tively. The reactivity of NACA toward �OOH, on the other

hand, is much lower but still higher than those of melatonin

and caffeine. HAT from the –SH site is proposed to be the

channel accounting for most of the radical scavenging

activity of NACA in aqueous solution. In non-polar envi-

ronments, two channels of reaction were found to similarly

contribute to the overall reactivity of NACA toward OH

radicals. They are those corresponding to hydrogen atom

transfer from –CH2 and –SH sites.

Keywords NACA � Oxidative stress � Free radicals �
Antioxidant � Scavenger � Rate constant � Mechanisms

1 Introduction

N-Acetylcysteine amide (NACA), also known as AD4, is a

newly designed amide form of N-acetylcysteine (NAC),

which has been proposed to efficiently fight oxidative stress

(OS) [1–6]. This chemical stress arises from the imbalance

between production and the consumption of reactive oxy-

gen species (ROS) [7], and it has been proven to be

involved in the development of a large variety of health

disorders [8–14]. Since OS involves reactions between

biological molecules and free radicals, the study of com-

pounds with free radical scavenging activity becomes an

important area of research aiming to prevent oxidative

stress and the consequent molecular damage.

Grinberg et al. [1] have shown that NACA defend red

blood cells from oxidation and proposed that it could be

explored for the treatment of neurodegeneration and other

oxidation-mediated disorders. Almost simultaneously,

Penugonda et al. [2] have demonstrated that NACA can

protect cells against glutamate cytotoxicity by inhibiting

lipid peroxidation and scavenging ROS. In a following

paper from the same group [15], it was described that

NACA has also a protective role against the combined

toxic effects of glutamate and lead by inhibiting lipid

peroxidation and scavenging ROS, supporting their previ-

ous findings. Price et al. [3] found that oxidatively chal-

lenged cells were protected by NACA and that this

compound blocked ROS generation. These authors also

found that the oxidative stress induced by HIV-1 viral

proteins can be effectively blocked by NACA. Wu et al. [4]

have shown that NACA is superior to NAC as an antiox-

idant thiol radioprotector. They also found that while NAC

can be cytotoxic to cells at high concentrations, at similar

concentrations, NACA is non-toxic. Therefore, they pro-

posed that NACA can be considered a promising agent to
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be used as a supplement in situations that require protection

from ionizing radiation. Very recent results also support the

efficiency of NACA as antioxidant and lead to the proposal

that this compound should be evaluated for the treatment of

neurodegenerative diseases in the future [5]. Moreover, it

has been tested whether NACA can protect the blood–brain

barrier from oxidative stress–induced damage in animals,

and it has been found that this compound is actually able to

do such desirable action [6].

Another important characteristic of NACA is that while

NAC does not readily permeate membranes by diffusion

because it is negatively charged under physiological con-

ditions, NACA is more able to permeate biological mem-

branes since it has the carboxyl group replaced by an amide

group, and therefore, this molecule remains uncharged

under the same conditions [16, 17].

Based on all this experimental evidence, it can be con-

cluded that NACA can efficiently fight OS. Therefore, it

becomes important to investigate the mechanism, or

mechanisms, involved in such process. To that end, it is the

main goal of the present work to study different alternative

mechanisms usually associated with the free radical scav-

enging activity of antioxidants. The studied mechanisms

are radical adduct formation (RAF), hydrogen atom

transfer (HAT), single electron transfer (SET), sequential

electron proton transfer (SEPT), and proton-coupled elec-

tron transfer (PCET). They have all been studied for the

reaction of NACA with hydroxyl (�OH) and hydroperoxyl

(�OOH) radicals. Thermodynamic and kinetic data are

provided, as well as the contributions of the different

mechanisms to the OH and OOH free radical scavenging

activity of NACA. This new information is expected to

contribute to the better understanding of the protective role

of NACA against OS.

2 Computational details

Geometry optimizations and frequency calculations have

been carried out using the M05-2X functional and the

6-311??G(d,p) basis set. The M05-2X functional has been

recommended for kinetic calculations by their developers

[18], and it has been also successfully used by independent

authors [19–27]. Moreover, the reliability of the kinetic

data obtained with this functional, for radical-molecule

reactions, has been proven by comparison with experi-

mental data in numerous occasions [28–30]. Moreover, it

has been demonstrated that in some cases, the correspon-

dence between M05-2X and experimental results is better

than the one obtained using highly correlated wave func-

tion methods [19, 21].

Unrestricted calculations were used for open shell sys-

tems, and local minima and transition states were identified

by the number of imaginary frequencies (NIMAG = 0 or 1,

respectively). Intrinsic reaction coordinate (IRC) calcula-

tions have been made to confirm that the transition states

properly connect reactants and products. All electronic

calculations were made with Gaussian 09 package of pro-

grams [31]. Thermodynamic corrections at 298 K were

included in the calculation of relative energies. All calcu-

lations were made in solution, with the SMD continuum

model [32], and using benzene and water as solvents, to

mimic non-polar and polar environments, respectively.

Benzene has been chosen because of its dielectric constant

(e = 2.27), which is similar to that of the hydrophobic

region of bilayer membranes. Although there is some

uncertainty about the actual value of e for the hydrocarbon

region of a bilayer, a value *2.1 seems to be reasonable

[33–35]. In fact, benzene is frequently used in both exper-

imental [36–38] and theoretical [39–41] investigations to

represent non-polar regions. The solvent cage effects have

been included according to the corrections proposed by

Okuno [42], taking into account the free volume theory

[43]. These corrections are in good agreement with those

independently obtained by Ardura et al. [44] and have been

successfully used by other authors [45–51].

The rate constants (k) were calculated using conven-

tional transition state theory (TST) [52–54] and 1 M

standard state as:

k ¼ rj
kBT

h
e� DG 6¼ð Þ=RT ð1Þ

where kB and h are the Boltzmann and Planck constants,

DG= is the Gibbs free energy of activation, r represents

the reaction path degeneracy, accounting for the number of

equivalent reaction paths, and j accounts for tunneling

corrections. The tunneling corrections defined as the

Boltzmann average of the ratio of the quantum and the

classical probabilities were calculated using the Eckart

barrier [55].

Some of the calculated rate constant (k) values are close

to the diffusion-limited rate constant. Accordingly, the

apparent rate constant (kapp) cannot be directly obtained

from TST calculations. In the present work, the Collins–

Kimball theory is used for that purpose [56]:

kapp ¼
kDkact

kD þ kact

ð2Þ

where kact is the thermal rate constant, obtained from TST

calculations (Eq. 1), and kD is the steady-state

Smoluchowski [57] rate constant for an irreversible

bimolecular diffusion-controlled reaction:

kD ¼ 4pRDABNA ð3Þ

where R denotes the reaction distance, NA is the Avogadro

number, and DAB is the mutual diffusion coefficient of the
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reactants A (OH radical) and B (NACA). DAB has been

calculated from DA and DB according to reference [58],

and DA and DB have been estimated from the Stokes–

Einstein approach [59, 60]:

D ¼ kBT

6pga
ð4Þ

where kB is the Boltzmann constant, T is the temperature, g
denotes the viscosity of the solvent, in our case, water

(g = 8.91 9 10-4 Pa s) and benzene (g = 6.04 9

10-4 Pa s), and a is the radius of the solute (aOH = 4.79 Å

and aNACA = 7.96 Å).

3 Results and discussion

The structure of NACA, as well as the site numbers

assigned to each atom in this work, is shown in Fig. 1. As

for many other compounds, the antioxidant activity of

NACA can take place through different mechanisms

[61–64]. For the reaction of NACA with OH radical, they

are:

Radical adduct formation (RAF):

NACAþ �OH! NACA� OH�

Hydrogen atom transfer (HAT):

NACAþ �OH! NACA( � H)� þ H2O

Single electron transfer (SET):

NACAþ �OH! NACA�þ þ OH�

Additionally, SET can occur rapidly followed by, or

simultaneously with, proton transfer, which are known as

sequential electron proton transfer (SEPT) and proton-

coupled electron transfer (PCET), respectively. Even

though they yield the same products as HAT, the

influence of the solvent on their feasibility is expected to

be different. While SET and SEPT are likely to be favored

by polar environments that promote solvation of the

intermediate ionic species, the PCET might be also

viable in non-polar since the transfer of the proton and

the electron occurs simultaneously in this case, and

therefore, no charged intermediaries are formed.

The free radicals chosen for the present study are �OH

and �OOH. The OH radical has been chosen since it is the

most electrophilic [65], and reactive of the oxygen-cen-

tered radicals, with a half-life of *10-9 s [66]. It can be

formed intracellularly by a Fenton-type reaction, by

Haber–Weiss recombination, or by other radicals created

from enzyme reactions [67–71]. �OH radicals can also be

produced by ultraviolet and ionizing radiations [72].

Compared with �OH, peroxyl radicals are less reactive

species capable of diffusing to remote cellular locations

[73]. Their half-lives are of the order of seconds [74], and

their electrophilicity is not as high as that of �OH [65]. The

OOH radical has been chosen since it is the smallest of the

family.

According to the structure of NACA, the RAF mecha-

nism could only take place by radical addition to sites C4,

C5, N1, and N2. Even though these sites are not expected

to readily react this way, the corresponding reactions were

modeled to verify such assumption. Most of them were

found to be endergonic in both benzene and water solutions

for the reaction with �OH (Table 1). The only exception is

the OH addition to C5 in non-polar environments, which

was found to be exergonic by about 4 kcal/mol. Accord-

ingly, only this channel of reaction will be considered for

the RAF mechanism. In addition, any attempt to locate the

product corresponding to the �OH addition to site N1

invariable leads to a non-bonded system that does not

correspond to a proper RAF product but to a complex

between the two fragments. Since the �OOH radical is

much less reactive than �OH, the only RAF site that was

studied was C5, in benzene solution. In this case, this path

becomes endergonic by 36.12 kcal/mol. Therefore, the

RAF mechanism has been ruled out for the OOH scav-

enging activity of NACA.

The SET mechanism was also ruled out based on ther-

mochemical considerations. It was found to be endergonic

with DG values of 102.5 and 31.5 kcal/mol in benzene and

water solutions, respectively, for the reaction involving
�OH. Since it high electrophilicity makes this radical one of

the most reactive ROS via SET, this mechanism does not

seem to be important for ROS, in general. In line with this

reasoning, it was found that the SET reactions involving

the OOH radical are even more endergonic (DG = 124.6

and 54.7, in benzene and aqueous solutions, respectively).

Accordingly, this mechanism is not expected to

Fig. 1 Structure and site numbers of NACA
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significantly contribute to the overall antioxidant activity of

NACA. This can be due to the large ionization energy (IE)

of NACA. To confirm this hypothesis, the IE of NACA has

been computed using different approaches. They are as

follows:

1. The adiabatic approach, in which the IE of an

n-electron system (X), calculated at a given level of

theory, implies the following energy difference:

IP ¼ EX
n�1 gn�1ð Þ � EX

n gnð Þ ð5Þ

where EX
n gnð Þis the energy of the n-electron neutral

system calculated at a geometry gn and EX
n�1 gn�1ð Þ is

the energy of the (n–1)-electron ionic species calcu-

lated at a geometry gn–1. Therefore, it takes into

account the geometry relaxation of the radical cation

after the electron transfer.

2. The vertical approach, where the optimized geometry

of the X specie is used to perform the calculation of the

radical cation, i.e., no geometry relaxation is included.

3. The Koopmans theorem approximation [75], which is

a special case of vertical IE, evaluated as minus the

energy of the molecular orbital of the neutral system

from which an electron is removed, usually the highest

occupied molecular orbital (HOMO).

4. The electron propagator theory (EPT) [76–79], in

particular the outer valence Green’s function (OVGF)

[80–82] and the partial third-order (P3) [83, 84]

approximations. They have been successfully applied

to a large variety of molecules [85, 86] and are capable

of predicting vertical energies within approximately

0.25 eV of the experiments [87].

The values of IE of NACA, obtained from these

approaches, are reported in Table 2. There are no exper-

imental reports on the IE of NACA. Therefore, and taking

into account that they are usually obtained in gas phase,

these values are also included to facilitate possible future

comparisons. The values obtained from Koopman’s,

OVGF, and P3 approaches are proven to be reliable in gas

phase, but their accuracy within the continuum solvent

models is not clear yet. In addition, they all correspond to

vertical energies. Therefore, for obtaining the most

accurate possible values of IE in solution, energies of

relaxation and solvation have been added to the IEs

obtained in vacuum for these three approaches. As the

values in Table 2 show, the IEs, in both benzene and

water solutions, that are closest to each other are those

obtained from the adiabatic and EPT approaches. In

general, the agreement among OVGF, P3, and adiabatic

values is very good and lower than 0.25 eV, which is the

maximum expected error for IEs obtained from EPT.

Therefore, they are the recommended values among all

the reported ones. In any case, the IE of NACA is high,

compared with those of other molecules that react with

ROS by SET, and therefore, it seems to be the explana-

tion for the non-viability of this mechanism for the

reaction of NACA with OH and probably with other ROS.

Since NACA does not deprotonate under physiological

conditions, the SEPT mechanism can only occur by a SET

process followed by a proton transfer. Therefore, this

mechanism was also ruled out. Thus, from the five mech-

anisms mentioned at the beginning of this section, only

RAF at site C5 (for the reaction with �OH), HAT, and

PCET have not been ruled out so far.

Even though the PCET mechanism is commonly defined

as a concerted electron proton transfer that is not HAT, it

has been reported that this is a difficult distinction to make

and that HAT can be considered a particular case of PCET

reactions [88]. In any case, it is important to identify

whether the corresponding transition state (TS) structures

actually correspond to HAT or PCET mechanisms. To that

purpose, an analysis of the electronic density of the singly

occupied molecular orbital (SOMO) of each TS has been

carried out. Since it is commonly accepted that the PCET

mechanism can be defined as that in which the proton and

the electron are transferred between different sets of orbi-

tals [89], the analysis of the singly occupied molecular

orbital (SOMO) of the TS seems to be a reliable criterion to

differentiate between HAT and PCET processes.

The SOMO of HAT TSs is expected to have significant

density in atomic orbitals oriented along, or nearly along,

the transition vector (donor–H–acceptor). The SOMO of

PCET TSs, on the other hand, involve p orbitals that are

Table 1 Gibbs free energies of reaction for the RAF mechanism of

NACA ? �OH reaction

DG (kcal/mol)

Benzene Water

C4 4.02 3.54

C5 -3.96 7.93

N1 1.78 4.54

N2 43.83 47.73

Table 2 First ionization energy of NACA, in different media and

calculated from different approaches

Gas Benzene Water

Koopman 10.04 8.01 7.59

OVGF 9.25 7.23 6.84

P3 9.13 7.10 6.70

Vertical 9.37 8.06 6.94

Adiabatic 9.03 7.17 6.84
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orthogonal to the donor–H–acceptor vector [89]. As the

plots in Fig. 2 show, the SOMO of all transition states has a

node at the migrating H and is mostly localized on the

donor–H–acceptor vector, which corresponds to HAT

transition states. Therefore, it can be stated that all the H

transfer processes studied in this work correspond to HAT

mechanism and that it is actually the only mechanism

responsible for the �OH and �OOH scavenging activity of

NACA.

The structures of the TSs that correspond to the HAT

mechanism, optimized in benzene and water solutions, are

shown in Fig. 3a,b respectively. They involve H atoms at

sites C1, C2, C3, N1, N2, and S. While in sites C1, N1,

and S, there is only one H atom susceptible to be trans-

ferred and therefore only one TS structure was located, for

sites C2, C3, and N2, two different TSs arise depending on

the particular H atom that is transferred, for the reaction

with �OH. The different arrangements lead to different

interactions and therefore to energies that might be sig-

nificantly different. Accordingly, it is important to consider

all of them in the kinetic study. For site C2, TS-C2 shows

an H bond-like interaction between the H atom in the OH

fragment and the O atom of the carbonyl group involving

C4, regardless of the solvent. On the other hand, no sta-

bilizing interaction was found in TS-C2a when optimized

in benzene solution, but it is present when the optimization

Fig. 2 SOMO density surfaces

of the TS structures, in water

solution, computed with an

isodensity value of 0.02 au
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is performed in water solution. For site C3, both transition

states show H bond interactions, but while in TS-C3, it

involves the O atom of the OH radical and the H atom

bonded to N1; in TS-C3a, the interaction involves the H

atom in the OH moiety and the O atom bonded to C4. For

site N2, both transition states show H bond-like interac-

tions involving the H atom in the OH radical and one of the

O atoms in the carbonyl groups of NACA. For TS-N2, the

interaction involves the O atom bonded to C4, while for

TS-N2a, it involves the O atom bonded to C5. The struc-

tural features described for H transfers from C3 to N2 are

the same, regardless of the solvent used in the optimization.

The fully optimized structures of the transition states cor-

responding to the NACA ? �OOH reaction, on the other

hand, do not present the interactions described for the TS

involving �OH.

The Gibbs free energies of reaction (DG) obtained for

the channels of reactions of the HAT mechanism are

reported in Table 3. As these values show, all the studied

channels were found to be exergonic for the reactions

involving the OH radical, with similar exergonicity in non-

polar and polar environments. The largest exergonicity

corresponds to H abstractions from the thiol site, which

was found to be more than 10 kcal/mol larger than that of

the second most exergonic channel, both in polar and in

non-polar environments. The DG values of the H abstrac-

tions from carbon sites were all found to be similar and in

the range -20 to 27 kcal/mol in benzene solution and from

-22 to 33 in water solution. The least thermochemically

favored HAT channels are those corresponding to H

abstractions from nitrogen sites, with DG values ranging

from -2 to 6 kcal/mol. In contrast for the reaction with
�OOH, most of the reaction channels were found to be

endergonic. The exceptions are the H transfer from the SH

site both in polar and in non-polar environments and the H

transfer from site C1 in aqueous solution. However, this

particular path is better described as isoergonic, since its

DG value is close to zero and smaller than the accuracy of

the calculations.

The channels of reaction described as endergonic have

been ruled out as relevant to the scavenging activity of

NACA. Even if they take place at a significant rate, they

would be reversible and therefore the formed products will

not be observed. However, it should be noticed that they

might still represent significant channels if their products

rapidly react further. This would be particularly important

if these later stages are sufficiently exergonic to provide a

driving force and if their barriers of reactions are low.

However, since this work focuses only on the first step of

the oxidation of NACA by �OH and �OOH, the kinetic

Fig. 3 a Optimized geometries of the transition states involving H transfer processes from sites C1, C2, C3, N1, N2, and S, in benzene solution.

b Optimized geometries of the transition states involving H transfer processes from sites C1, C2, C3, N1, N2, and S, in water solution
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calculations have been made only for those channels

described as exergonic.

The Gibbs free energies of activation (DG=) were found

to be systematically lower in benzene solutions than in

water solutions, with the exception of channel C2a, sug-

gesting that from a kinetic point of view, a non-polar

environment would favor the scavenging activity of

NACA.

For the NACA ? �OH reaction, the lowest barrier of

reaction was found to be that corresponding to HAT from

the -SH site, regardless of the polarity of the environment,

followed by that of HAT from site C2. In addition, while in

non-polar environments, the difference between the two

lowest barriers is about 1 kcal/mol, in water solution, such

difference was found to be *2 kcal/mol. This suggests that

in the latter case, only H abstraction from the S site would

significantly contribute to the overall reactivity of NACA

toward OH radicals. The DG= value for RAF process

involving site C5 in benzene solution, which is the only

thermochemically viable RAF channel, is predicted to be

*24 kcal/mol. This is more than 10 kcal/mol higher than

any of the HAT channels of reaction in the same medium.

Therefore, its contribution to the overall reactivity of

NACA toward OH radicals is predicted to be negligible.

Regarding the two exergonic channels of the

NACA ? �OOH reaction, their barriers are significantly

higher than those corresponding to the reaction with �OH.

This is a logical finding based on the relative reactivity of

these two free radicals. The channel corresponding to HAT

from the –SH site was found to be the one with the lowest

barrier. Its DG= value is about 8 kcal/mol higher than that

of the competing channel (HAT from C1). The barrier of

channel S was found to be about 1 kcal/mol lower in non-

polar than in polar environments.

Since spin contamination is an issue that can affect the

accuracy of energies and structures of open-shell systems,

the spin-squared values for all the open-shell species before

and after annihilation of the first spin contaminant have

been checked, as well as their percent errors with respect to

the expected value. These results are provided as Supple-

mentary Material (Tables 1S to 4S). In all cases, the

deviations from the ideal value ( S2
� �

= 0.75) were lower

than 1.9 and 0.03% before and after annihilation of the first

spin contaminant. It has been established that for differ-

ences within 10% error, the obtained results can be trusted

[90, 91]. Therefore, the spin contamination is negligible for

all the radicals species studied in this work, and their

energy values are reliable.

The apparent rate constants calculated for all the viable

channels of reaction, as well as the overall rate coefficient,

are reported in Table 4. It has been assumed that neither

mixing nor crossover between different pathways occurs,

and therefore, the overall rate coefficient (k) has been

calculated as the sum of the rate coefficients of each

channel:

kOH ¼ kC1
app þ kC2

app þ kC2a
app þ kC3

app þ kC3a
app þ kN1

app þ kN2
app

þ kN2a
app þ kS

app ð6Þ

kOOH ¼ kC1
app þ kS

app ð7Þ

According to the overall rate coefficients, NACA is

predicted to react with �OH about 3 times faster in non-

polar media than in aqueous solution. It is also predicted to

react with �OOH faster in non-polar media than in aqueous

solution, but in this case by 1.8 times. The overall

reactivity of NACA toward �OH radicals was found to be

diffusion-controlled in both media, supporting the excellent
�OH-scavenging activity of NACA. On the contrary, the

overall reactivity of NACA toward �OOH radicals was

found to be rather low. According to the values of the

overall rate coefficients reported in Table 4, the efficiency

of NACA as OOH radical scavenger is higher than those of

melatonin [28] and caffeine [30], slightly lower than that of

allicin [92], and significantly lower than that of carotenes

[93]. It should be noticed, however, that even when the rate

constant for the reaction of NACA with �OOH is rather

low, it can react faster with other peroxyl radicals in

particular with those having substituents with strong

electron-accepting character.

The branching ratios of the different reaction channels,

which represent the percent of their contribution to the

overall reaction, have been calculated as:

Ci ¼
ki

koverall

� 100 ð8Þ

where i represents each particular channel, i.e., i = C1, C2,

C2a, C3, C3a, N1, N2, N2a, or S.

As predicted above based on the barriers of reaction, the

OOH-scavenging activity of NACA takes place exclusively

Table 3 Gibbs free energies of reaction (DG) and Gibbs free ener-

gies of activation (DG=), in kcal/mol, at 298.15 K

NACA ? �OH NACA ? �OOH

Benzene Water Benzene Water

DG DG= DG DG= DG DG= DG DG=

C1 -27.41 5.86 -33.16 8.13 5.21 -0.45 25.03

C2 -24.39 3.47 -25.47 5.91 8.23 7.24

C2a 7.47 6.77

C3 -19.81 9.07 -21.70 10.61 12.81 11.01

C3a 8.52 10.09

N1 -8.48 11.90 -9.31 16.42 24.13 23.39

N2 -2.63 13.54 -5.57 17.62 29.99 27.14

N2a 11.49 15.04

S -35.03 2.44 -36.95 4.02 -2.41 16.52 -4.24 17.41
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by H transfer from the SH site, regardless of the polarity of

the environment. It was found that when the NACA ? �OH

reaction takes place in aqueous solution, HAT from the SH

site is the main channel of reaction, with CS = 77.27%.

The second largest contribution corresponds to HAT from

site C2, with CC2 = 22%. The contributions of all the other

channels of reactions are negligible in this case. When the

reaction occurs in non-polar surroundings, there are two

major channels contributing to the overall reactivity of

NACA. They are HAT processes from sites S and C2, with

CS = 47.23% and CC2 = 44.97%. In this case, channel C1

was also found to contribute to the overall reaction, with

small but non-negligible contribution (CC1 = 7.04%).

Since OH� is the most reactive radical through HAT, and

despite this fact, it is selective for the above-mentioned

sites, it can be concluded that all ROS will show at least

this selectivity, i.e., those will be the only products

expected in the reactions of NACA with any ROS.

4 Conclusions

In summary, HAT has been identified as the main mech-

anism of reaction for the OH and OOH radical scavenging

activity of NACA. The overall reactivity of this antioxidant

toward OH radicals was found to be diffusion-controlled,

regardless of the polarity of the environment. The reac-

tivity of NACA toward OOH, on the other hand, is much

lower but still higher than those of melatonin and caffeine.

HAT from the S site of NACA is proposed to be the main

channel of reaction for the radical scavenging activity of

NACA in aqueous solution. On the other hand, it is pre-

dicted that sites C2 and S both similarly contribute to the

overall reactivity of NACA toward OH radicals in non-

polar environments. NACA is predicted to react about 3

times faster in non-polar media than in aqueous solution

with �OH and 1.8 times with �OOH.

The new insights into the mechanism and kinetics of the

NACA ? �OH reaction provided in this work are expected

to contribute to the better understanding of the ROS

scavenging activity of NACA and related compounds, as

well as to the intermediate products formed during their

oxidation. Even though this information is primarily useful

from an academic point of view, it is also expected to be

helpful for practical purposes.
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