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ABSTRACT

composed to smaller fragments.

Zonisamide (ZNS), a commonly used anticonvulsant, scavenged hydroxyl radicals at a clinically relevant concentration. Reactants of ZNS
with hydrogen peroxide and with hydrogen peroxide plus UV irradiation, yielding hydroxyl radicals, were analyzed by the LC/MS technique.
Many small fragments were found in the both reactions, suggesting that ZNS was decomposed
not only by hydroxyl radicals but also by hydrogen peroxide. Furthermore, mass-fragmentgrams showed that m/z: 213 (ZNS itself) was
decreased markedly and m/z: 118 (may be a decomposed product by ring cleavage of ZNS) was
detected specifically by treatment with hydroxyl
radical. These data suggested that ZNS may react directly with free radicals.

2. MATERIAL AND METHODS

Keywords: Zonisamide; Hydroxyl Radicals; LC/MS;
ESR

2.3. Estimation of Hydroxyl Radical
Scavenging Activity by ESR

1. INTRODUCTION
Using electron spin resonance (ESR) spectrometry, it
was shown that Zonisamide (ZNS) in molar concentrations, scavenged hydroxyl radicals (OH), nitric oxide
radicals and dopamine quinones [1,2]. These data suggested that the mechanism of antiepileptic effect of ZNS
may involve protection of neurons from free radical damage along with stabilization of neuronal membranes [3].
In this study, we observed that ZNS scavenge OH in a physiologically relevant concentration, and moreover demonstrated by a liquid chromatography/mass-spectrometry
(LC/MS) that ZNS reacts directly with OH and is de-
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2.1. Sample
ZNS was a kind gift from Dainippon-Sumitomo Pharmaceutical Co. Ltd. (Osaka, Japan).

2.2. ESR Measurements
ESR measurements were carried out using a computerized ESR spectrometer, the Free Radical Monitor (JESFR30, JEOL, Tokyo). Experimental conditions were as
follows: magnetic field, 335.6 ± 5 mT, power, 4 mW,
modulation frequency, 9.41 GHz, modulation amplitude,
1 × 0.1 mT, response time, 0.1 s, amplitude, 1 × 200 ~
1000; and sweep time, 2 min. All measurements were
performed at 23˚C.

Fenton’s reaction was used to generate •OH [4,5]; 50
µl of 1 mM 5,5’-dimethyl-1-pyrroline-N-oxide (DMPO),
50 µl of sample solution, 50 µl of 0.2 mM H2O2, and 50
µl of 0.02 mM FeSO4 (added last) were mixed for 10 sec
and transferred into a 200-µl capacity quartz flat cell.
Exactly 30 sec after the addition of FeSO4, ESR spectra
of the DMPO-OH spin adduct were recorded.

2.4. Analysis of ZNS and Its Decomposed
Fragments, Utilizing LC/MS
In the LC/MS experiments, Milli-Q water was used for
all procedures, e.g., for solution of ZNS and H2O2. Hydroxyl radicals were generated by a H2O2-ultraviolet-ray
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(UV) system, using a UV lamp (254 nm, Handy UV
lamp SUV-4, ASONE, Osaka); 40 µl of ZNS (1 µg/ml)
and 40 µl of H2O2 (20 mM) in a vial were stirred gently,
then irradiated with UV from the top for 30 sec. This vial
was capped, and 5 µl of each sample was put on the LC
auto-sampler. The procedure was performed without UV
irradiation as the control.
LC/MS analysis was carried out using an Aligent
LC/MS system (Aligent 1100 and G1956B, Aligent Technologies Inc., Santa Barbara, CA). The conditions for
MS were as follows; column: Inertsil ODS-3 (2.1 × 150
mm; particle diameter: 5 µm) (GL Science, Tokyo); LC
eluent: 5 mM HCOONH4/methanol (50:50, v/v); flow
rate: 0.2 ml/min, and for MS: ionization mode: AP1-ES
(positive mode); fragmentor: 150 V; capillary voltage:
300 V; drying gas flow: 13.0 l/min; drying gas temperature: 300˚C; nebulizer pressure: 42 psig. Data were collected in the scan mode and the selected ion monitoring
(SIM) mode, and the content of ZNS was calculated by
analyzing the peak area of ZNS (m/z: 213).

2.5. Statistics
All data are expressed as means ± S.E.M. Statistic
analysis was carries out using Student’s t-test.

3. RESULTS AND DISCUSSION
DMPO-OH spin adduct showed a typical quarted signal (1:2:2:1) in the ESR recording (hyperfine condition
of the DMPO-OH adduct: aN = 1.49 mT, a H = 1.49 mT).
This signal was decreased by addition of ZNS (final concentration, 0.02 mM), and estimated IC50 was approximately 0.9 mM, and even 78 µM of ZNS significantly
(77% of control: p < 0.05) scavenged OH (Figure 1).
ZNS was treated with H2O2-without UV (Exp. A), or
H2O2 with UV, generating OH in Exp. B; each reactant
was analyzed by LC/MS. In these mass spectrograms,
the following fragment peaks were observed except for
m/z: 213 (ZNS itself): m/z: 62, 106, 118, 132, 214, 215,
230, 235 and 251. These fragments were analyzed by
SIM, and it was found that m/z: 213 (ZNS itself) was
markedly decreased and m/z: 118 was detected specifically in the conditions with H2O2 and UV irradiation for
30 sec (Exp. B). No significant difference was found
between other fragments compairing Exp. A and Exp. B
(Table 1). Meanwhile a fragment peak was not detected
by these analyses that would correspond to the hydroxyl
radical-adducted molecule.
Mori et al. [1], using ESR spectrometry, first reported
that ZNS scavenged •OH. This experiment confirms that
this scavenging activity occurs in a clinically relevant
concentration of ZNS. Using experimental animals, it has
been shown that ZNS is metabolized by direct acetylation, by glucronyl conjugation, and via hydroxylation
Copyright © 2012 SciRes.

Table 1. Analysis of ZNS and its decomposed fragments by
LC/MS.
m/z

Relative peak height
H2O2 without UV

H2O2 and UV

0.022

0.021

105

0.084

0.083

118

0.000

0.037

132

0.261

0.239

213

1.000

0.898

214

0.139

0.127

215

0.072

0.063

230

0.015

0.010

235

0.487

0.438

251

0.069

0.066

62

followed by oxidation of the methylen carbon of the sulfamoyl group, finally resulting loss of the sulfamoyl group.
In addition, there is N-O bound cleavage of the isoxazole
ring to produce hydroxylation in the benzene ring. Formed
ring-cleft metabolites are followed by conjugation with sulfuric acid or glucronic acid. The 1,2-benzisoxazole N-O
cleavage product of ZNS, 2-sulphamolacetylphenol (SMAP; m/z: 215) is one of the major metabolites [6,7]. Reduction of ZNS to SMAP is mediated by cytochrome
P450 [7,8] and by mammalian intestinal bacteria in
vivo [9].

4. CONCLUSIONS
Yoshida and Masuda, from the Research Laboratory of
Dainippon Pharmaceutical Co., Ltd. (Yoshida & Masuda,
1997, on the reaction of ZNS with •OH radical. Personal
communication to A.M.) treated ZNS with •OH radicals
induced by Fenton’s reaction, and using HPLC, observed
decreased level of ZNS. Using GC/MS, they analyzed the
possible decomposed fragments from ZNS, but did not
identify the specific fragments that originated from ZNS.
In this LC/MS study, UV-H2O2 system, but not the Fenton’s reaction, was used for •OH generation. Moreover,
UV irradiation was used only for 30 sec, and the decomposing reaction for ZNS was already in progress with the
peak height of m/z for ZNS slightly but significantly
decreased.
In the analysis by SIM mode, many signals of m/z
were observed both in the Exp. A (H2O2 without UV) and
B (H2O2 with UV). The common signals may be due to
oxidative reaction by H2O2 itself. Some higher m/z signals, e.g., m/z: 230, 235, 251, may be due to secondary
reactions among fragments by the oxidation reaction by
H2O2. Meanwhile, m/z: 118 in the Exp. B was significantly increased comparing with in Exp. A, which could
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Figure 1. Dose-dependent of •OH scavenging activity by ZNS (39 µM - 5 mM). Values are expressed as
mean ± SEM (n=3 - 4). *p < 0.05 compared with
control (ZNS = 0).

indicate induction by •OH. This fragment was estimated
as decomposed products by cleavage of ZNS from the side
chain, methane sulfonamide, and may be related to opening
of the ring at -O-N- position. We compared our mass spectral data of decomposed fragments of ZNS by UV-H2O2
system with the data of ZNS metabolites in the rat, and
found no common mass fragmental datum existed including SMAP. On the other hand, m/z: 118, we found,
was not observed in metabolites of ZNS in the urine using
in vivo experiments [6], we suspect these metabolites may
be unstable in vivo. These data suggested that ZNS may
react directly with free radicals.
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