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Abstract. Spin trapping Electron Spin Resonance (ESR) spsstipy was used to investigate
the free radicals iny-irradiated microcristalline powder form of 4-amiBechloro-N-[2-
(diethylamino)ethyl]-2-methoxy benzamide monohydiocide monohydrate (metoclopramide). ESR
measurements proved that contained various staléeragnetic species after irradiation and relative
yielding of the free radicals depends on the ad=mbribose. Specific radicals derived from purely
chemical structures of metroclopramide, were detbetsing N-t-Butyl-a-phenylnitrone (PBN) as
spin trap. Some spectroscopic properties and stiggesoncerning possible structure of the radicals
are discussed in this paper.
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INTRODUCTION

Free radicals are chemical species that possess@aired electron in the
outer shell of the molecule. For irradiated drugsey can be generated by
homolytic cleavage of a covalent bond, in whichoanmal molecule fragments into
two, each fragment retaining one of the pairedtedes. This mechanism occurs,
mainly in case of radiosterilization processes. imbyiirradiation of solid drugs,
free radicals are formed and trapped in spur [41B216, 15]. Beside the specific
radicals derived from purely chemical structuresy, some drugs, like
metroclopramide, hydroxyl radicals are generatdub fhct that in free radicals, the
unpaired electron is involved, these species aranpagnetic, thus the most used
method for detecting free radicals is electron pagnetic resonance spectroscopy
(EPR).
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When an unpaired electron in a magnetic field adtr with a nuclear spin,
the spectrum splits into two or more lines, whichduce a hyperfine structure in
the spectrum. The splitting of the spectrum is egped in terms of a hyperfine
coupling constantX value in G or mT units), and the relative positiohthe
spectrum is expressed by the spectroscopic splitthactor ¢ value,
dimensionless). There exist two possibilities t@ USPR spectroscopy in the
detection of free radicals, depending on the thebility and on the phase of the
system in which they are generated. In case ofl syl6tems, free radicals can be
detected directly due to the low capacity to coralin, 10]. In the liquid or gas
phase two several problems arise when considerggsurement of free radicals:
First, the ultra-short half-life of these radic@lsually measured in microseconds).
Second, any free radicals produced in vivo reacbratlose to their source of
formation. Therefore, it is necessary to use a d@metic reagent named “spin
trap” and to produce a relatively persistent prodadical “spin adduct” which can
be studied by conventional EPR (indirect detectj@n®, 10]. The intensity of the
spin adduct EPR signal corresponds to the amoushart-lived radicals trapped,
and the hyperfine splittings of the spin adduct geeerally characteristic of the
original, short-lived, trapped radical. A third ptem is that many of these end
products are in themselves reactive although &ssel degree. Free radicals attack
aromatic compounds and therefore the nitrones eamsbd to react with transient
radicals to form longer-lived nitroxides (spin tpamg). The nitrone spin trap is
widely used to provide evidence for the involvementfree radicals in many
biological and chemical reactions.

One of the most studied free radical species isdxyd radical. The hydroxyl
radical is an extremely reactive oxidizing radichlat will react to most
biomolecules at diffusion controlled rates, whicleams that reactions will occur
immediately with biomolecules [5]. The hydroxyl éeadical is important in
radiobiological damage and is several orders ofnitade more reactive towards
cellular constituents than superoxide radicals (@aghy orders more reactive than
hydrogen peroxide). In this paper we propose a oteth detect such very reactive
radicals, using Electron Paramagnetic Resonana@trepeopy (EPR).

MATERIALSAND METHODS

Metoclopramide (4-amino-5-chloro-N-[(diethylamint)gl]-2-methoxy
benzamide mono-hydrochloride monohydrate) (Fig. wigs purchased from
Medicine Research CenteBeijing Shuangziao Pharmaceutical Corporation,
China. Fresh metoclopramide in the form of micretadline powder was exposed
to y-radiation from a®Co source (GAMMA CHAMBER 900) in ambient
conditions. Thé°Co source gives a compact and uniform density difiteons and
a moderate dose debit of 35 Gy/h evaluated by dersulfate dosimetry [6]. The
absorbed dose of drugs was in the range from @ toGly. Powder samples (non-
irradiated, and irradiated) were placed in a 20 fangth, 1 mm inside diameter
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quartz capillary. The mixture of irradiated metguiamide and spin trap N-t-Butyl-
a-phenylnitrone (PBN) was solved in acetone.
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Fig. 1. Chemical structure of metroclpramide.

EPR spectra were recorded with “ADANI Portable EBRectrometer
PS8400”, operating in the X-band (9.1 GHz — 9.6 Bétpipped with a computer
acquisition system.

The computer simulation analysis of the spectramadge by using WINSIM
program that is available to the public throughittternet [11].

RESULTSAND DISCUSSIONS

The EPR spectrum of-irradiated metoclopramide (Fig. 2) in solid state
represent a sum of individual spectra correspondiagall free radicals
simultaneously present in the samples or the sagaerédicals localized in various
local environments.

3300 3320 3340 3360 3380 3400
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Fig. 2. ESR spectrum of irradiated metoclopramide.
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The spectrum samples is dominated by a broad tesigyaal with specific
characteristics given by chemical structures, cedt®ng = 2.0047 an peak-to-
peak line widths of 11 G. The values of tpactor are characteristic for carbon-
or nitrogen-centered radicals Due to the large eslof line-widths it is very
difficult to obtain theg and A parameters from the experimental spectrum.
Therefore, the magnetic parameters correspondiegdb radical were obtained by
simulation of the spectrum. As shown in Fig. 3 éhisra good agreement between
experimental and simulated spectrum, was obtaingdsitmulation with three
radicals species. The first radical species geeérain the irradiated
metroclopramide, with hyperfine coupling constaAtéH) = 3.8 G,Ax(H) = 3.0
seems to be a radical of tyge - COO-, formed by breaking chemical bond

between amidic carbon and amidic nitrogen in the presence of sgpdnexyl
radicals from irradiated water molecules.

The presence o®H- radical was not properly observed by classical methods,
but their presence is motivated by the fact that metoahigeais monohydrated
and have hygroscopic characteristics.

To detect OH* radical (named species 2 in Fig. 3) by the spin trapping
method, we use acetone as neutral environment, which prevenbxitiation
processes. The nitrones used as spin traps, N-t-Bupienylnitrone (PBN) is a
stable compound and forms relatively long-lived spin adducts withusatypes of

radicals as in Scheme 1.
C CH,

H,C CH,
Scheme 1. Formation of spin adduct with PBN.

©\¢N\ - toH

The characteristic features of this species havifly) = 14.6 G, and
A(H) = 3.1 G, are typical PBN/OH spin adduct [3]. During evapomnsof acetone,
the EPR spectra reassemble more to a spectrum of stabledstradicals.

The hyperfine structure of the third radical of 5.8 G (spegjesentered on
g= 2.0035 and peak to peak line-width of 3.7 G, is compatible \wighradical
produced by breaking the bond between carbon and nitrogen from imidazoli
group and addition of an hydrogen atom at one of the carbon atohres arfomatic
ring and thus, the unpaired electron occupies a highly delocalidsthlo[8].
Similar addition processes have been observed as the resuliatfbradamage in
other unsaturated organic compounds [9].
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experimental spectrum
~~~~~~~~~~ simulated spectrum

species 1

J\/\/\r‘ species 2
J\f species 3

3250 3300 3350 3400 3450
Magnetic Field (G)

Fig. 3. Experimental and simulated ESR spectruiBiX/metroclopramide in acetome.

CONCLUSIONS

The free radicals generated in the solid drugs in differeassstconditions,
can be detected by the spin trapping method using adequate satveriitain
specific spin adduct, detectable by EPR spectroscopy.

The obtained spin adducts have specific features expressedffénerdi
living-times. Thus, during the EPR measurements, we obdex\time dependence
of the spectral characteristics and signal intensities.
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