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ABSTRACT

This paper reports the scavenging of the nitre radical anion of nisaldipine by M-
acetyleysteine assessed by cyclic voltammetry (CV) and EPA spactroscopic
technigueas.

Studies by CV on the reactivity of the radical were conducted on the mercLy
elecirede in mixed media at pH 9.0 (0.012 M agueous citrata butferDMF 40480, 0.1
td TBAL). Interaction rale constant was significantly higher than that of the secand
order decay rate conslant of the radical {k = 4.857 [Mseq]' vs k, = 283 [Msec] .

EPR spectra recorded in situ uzing DMEALLT N NaDH (pH 13) of the nilro radi-
cal anion from nisaldipine electrochemically generated was completaly inhibiled lor
a 20 mh cancentration of N-geatyloysteing,

Key Words: Mitro radical anion, cyelic valtammetry, EFR, niscidipine,
M-acatylcyslaine.

RESUMEN

En este trabajo se evalla la interaccion enlre el anidn radical nitra de nisoldiping
¥ M-acelilcisteina tanto por vallametrfa ciclica sabre mercurio como par
Espectrozcopia de Hesonancia 'Pararnagnética de Espin Electrdnica. Los resulta-
dos gbtenidos por voltameatria ciclica en medio mixio a pH 9.0 {lampdn acuaso cifralo
0.012 M/DMF, A0/80} muestran que la constante de interaccion es significativamente
mayor que el decaimiento natural de segundo orden del radical (k. = 4,857 [Msoe)'
s Ky = 263 [Msec| ",

El espectro de Resonancia Paramagnética de Espin correspondiente al anicn
radical nitre de niscldipino ablenido par generacidn electroquimica es

" To wham comespondance should pe addressed,



inhibido completamente par una concentracian 20 mM de N-acefilcisteing, clorgan-
4o una pruebs directa del efecto atrapador de este liol sobre este tipo de radicales.

Palabras Claves: Anidn radical nitro, voltametria ciclica, RPE, nisaldipino,
M-aceilcistaina.

INTRODUCTION

Misoldiping {t 3-isobulyl-5-meathyl 1,4-dihydropyridine-4-[2-nitrophenyl-)pyridine-3,5-
dicarbaxylate) is & calcium antagonistic dihydropyriding derivative, which has been developed as an
antihypertensive and antianginal drug. '

1 4-dihydropyridine darivatives are rapidly and extensively metabelized in rat, dag and man'*,
There are also no important species difterences regarding the metabolic pattems. Most matabolilas
have been identified. However, some coemman biotransfarmation reactions, such as, dehydrogenaticn
of the 1, 4-dihydropyridine system, oxidalive ester cleavage, oxidalive O-demelhylalion and subsequent
oxidation of the resulling primary alcohol to the carboxylic acid has to ba considered™. However, the
reduction of the nitro graup to yield amino metabolites has been reported as an adeditianal
bintransformation route for niseldiping™, This pathway accounts for about 19 and 3% of the dosa for
this drug. In spite of these data, tha significance of the reduction intermediates of nisaldiping has not
vet been establishad,

Electrochemical technigues can detect and guantify the interaction between a reduction product
and its target (2.0, DMA or its individual bases) as inlaraction will result in modilications to the current-
vollage response™™, In cyclic voltammetry after traversing the potential ragion of interest the direction
of the scan is revarsed, and the electrode reactions of imermediates and products formad on the
ferward scan can olten be detectad. Cyclic voltammetry is, therefors, extremely useful for measuring
Lhe stability or reactivity of reduction praducts, as reflectad in the return-to-forward peak current ratio.

The reduction af a homoeyelic or heterocyclic nitrocompound is complex. Undar appropriate
conditions the nitro group can accapt a single electron 1o vield the radical anion, which is not stable
under alkaling conditions. Two- and four-elactron addition form the nitrose and hydroxylamine
darivalives, respectively. A further two-eleciron addition producas the aming, being the result of a
total six-electron reduction, The elecirochemistry of 4-5pitmpncnyl] substitutad, 1,4-dilvdropyridines
has been extensively studied in the last few years™"™. Thus, our laboratary has been devoted 1a
kinetically characterze the nitra radical anions electrochemically generated both in mixed media and
aprafic media'*!"!,

Thial-conlaining compeunds arz important in many biochamical and pharmasological reactions:
dizulfide bonds are impartant in deciding the total structure of prateing, and in many drugs the thial
group is an important reactive genter that determines both their eiffects and their side-affects.
Aminothiols, such as glutathione can prodect biological systems from the cellular damage causad by
ionizing radiafion and free radicals. Thials ean alse proteet against the action of mosl chemaotherapeutic
agents, ineluding the anasrobic cyteloxicity of nitre aramatic compounds due to oxygen reactive species
farmation (redox cycling), such as, superaxide anion or hydroxyl radical™'™. Mareaver, M-acelylaysteine
has been emplayed as cyloprotective agent in damage produced by radiations™ and paracatamol®",

Recently, we have proved the i witro reactivity of the one-glectron reduction product fram
saveral nilroaryl 1,4-dihydropyridines with some relevant biological fargets, such as, glutathiona,
cysleaming and the nuclei acid bases, adenine and uracl ™.

Considating the above described data, in this paper we assessed the feasibility of fhe interaction
between the nitro radical anion from nisoldipine and a relavant thiol such as
M-acetyloysteine by both EFR spectroscopy and cyclic vollammetry.



MATERIALS AND METHODS

Drug .
Migoldipine was obtained {rom Sanifas Laboratories, Santiaga, Chila,

Oimethylformamide (DMF), spectroscopic grade, tetrabutylammonium iodide (TEAI, wers
purchased fram Merck and tetrabutylammonium perehlorale was purchased from Fluka.

M-acetylcysteine was purchased from Sigma, 5t. Louis, LUSA.
¥
Cyelic voltammetry »

Experiments were carried oul in an INELECSA assembly PDC 1212, containing generatar!
potentiostat with an AD converter imerface attached to a 12-bil micropracessor and suitable soflwars
far totally automatic control of the experiments and data acquisition. A DTK 488 SX micracomputer
was used far data control, acquisition, and treatmant.

Electrodes

A Metrohm h.m.d.e. with a drop surface of 1,80 mm* was used as the working electrods and a
platinum wire as & counter electrode. All potentials were measured against a SCE.

All oyclic valtammagrams were carried aut al a constant temparature of 25°C and the solufions
were purged with pure nitrogen for 10 minutes before the voltammetric runs.

The returm-to-larward peak current ratio, L/, for the reversible first electron transfer (ihe Ar-
MO A-NO,-coupla) was measured, varying the scan rate from 0.1 Vs up to 5.0 Vs

Methods

The experimental I,.JIE_JrEltiaa were calculated according to Nicholsan's pracadure, using indi-
vidual cyeclic voltammograms™. Furthermore, E; was selected (o reduce the influence of the second
cathodic peak, Fifteen runs with E; varying batween -1195 and -1185 mY versus SCE did not shaow a
significative variafion in |,/ values [Coefficient of Variation = 2.2%).

Kinetic reaction orders for the nitro radical anion was quantitativaly assayed for firsl and second-
order coupled reactions according 1o some previous studies™ =,

To ensure that changes in the voltammetric paramaters {laf I FatiD, Ege, ete.) of the drug by the
addition of M-acetylcysteine was due to reaction between alectrochamically generated radical, and
n01ad%c to an electrode adsorption phenomenan, 100 pl of cyclohexanal was added to mixed ma-
dig™'",

To quaniitatively estimate the interaction rate constant (k) for the reaction between the nifre
radical anion generaled from nisoldipine and M-acetylcysleing, a melhod previously developed in our
laboratory was used'™ '™,

Mixed media

To obtain the optimal mixed media condilions, diferent supporiing electrolyte as KCI, LiCl
tetrabutyl ammonium iodide (TBAI) and fatrabutvl ammonium perchlorate were tested. Similarty, citrate,
camphar and hexamethylphosphotriamide (HRPA) wera tested as aclive-surface substances. The
concentrations of these bype of substances varied batween 0.01 M and 0.1 8. Parcentages of DMF
variad from 40% te BO% (wh). From these experiments, the following opiimum compasition was
selected: 0.015 M aqueous trisodium citrate DMF: 40460, pH 9.0, 0.1 MTBAl and 0.3 M KCL For the
studies conductad at pH 7.4, the same compaosition than that of the media at pH 9.0 was used.
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Drug solution -

Slock solutions of 10 mM of nisaldiping in DMF were prepared and pratactad from daylight to
avaid photedecamposition. A routing drug concentration of 5.0 mi for all the experiments was used.
50 M stock solutions of MN-acetylcysteine in citrate bufler pH 9.0 ware prapared to obiain solulions
wilh concentrations ranging from 0.1 mhd fo 5 mid,

EPR measurements

The nitre radical anion from niscldipine was generated in siu by electrochemical reduction at
room temperature. A5 miv solution of nisoldipine containing 0.1 M tatrabutyl ammanium perchlorate
in DMF/agquecus 0.1 N MaOH pH 13, was degassed with nitrogen for 10 min and immediately ils EPR
spectrum was recarded in tha microwave band X (9.85 Ghz) in a Brucker ECS 106 spectrometer,
using a rectangular mode cavity with a 50 Hz field medulation. Hyperline splitting constants were
astimated to be accurate within 0.05 G.

RESULTS

The main goal of this paper was to assess the reactivity of the nitro radical anion from niseldipine
with M-acetyloysteine, using oyelic voltammetry and EPR spectroscopy.

In previcus works™ '™ has been proved that the addition of an aprotic solvent to an aqueoUS
buffer enables the isolation of the reversible couple corresponding 1o the one-electran reduction, L.
the nitro radical anion.

Thus, we have studied the experimental conditions to obizin an optimal miked media (o stabilize
the radical and characterize its reactivity with N-acetylcysteine. Aesults of these studies shawed Lhat
a mixed madia cantaining 15 mid aqueous citrale salution/DMF, 40/E0, 0.1 M TBAL, 0.3 M KCland pH
9.0 permitted the isalalion and stabilization of the nitro radical anion of nisoldipine {(Figure 1). Wa
have alse assayed this mixed media at pH 7.4 (closer to a physiolagical condition) to test 1he reactivity
of the radical with M-acetylcysteine. However, at this pH the couple was evidenced, but exhibiled a
poar resclution. Therefore, we selected the above described conditions to study the reactivily.

1[uA]
-160 -
FIG. 1. Cyclic voltammograms (S}
-120 4~ of niseldiping in mixed madia at pH
9.0, Solid line: extended sweep.
B0 Dashed line; shor sweep. Sweep
rate; 1 ¥s'. Insel: Effect of M-
acelyloysiging on the isolated Ar-
-40 MOANO,” couple: (10 (... 1
(=] 2 mh [~.~} 5 mhl.
0] i

900 -1200  -1500 E[mV]
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. Furthermare, tha stability of the Ar-NCk, species was assessed by changing the electrechamical
condifions, Le., the scan rate, the switching polential, and keeping fhe chemical conditions of the
solution constant. Results show that as the scan rate increased, he 1./, increased lowards unily,
typical behavior for an ireversible chemical reaction following a charge-transfer step, ie. the EC
process™ . Furthermare, tha cathodic peak polential depends on nisoldipine concentrations and sweep
rates, with a oE,./dieq & and oE . folog v values varying batween 20 and 22 mV. These values agres
with tha theoretical value of 19.5 mV for an EC, process where the chemical step fallows sacond arder
kinetics. The fact that the current ratio doas not reach a value of unity can be ascrbad to competition
with a small amount of heterogeneous protonation.

Alsa, 1.:‘ chack the order of the following chamical reaction, |u./l,, ratio dgpendence an
concentration af the nisoldipine was sludied. The theory of cyclic vnltammetrg.f far a second-arder
reaction Iniliated elecirochemically has bean sludied exhaustively by Olmstead™. In aur experimants
we have found that an increasa in the nisoldipineg concentration, keaping bath DMF percentage and
scan rate consiant, resulled in a decreased I/, value according o the predicled by Oimstead™
From the above experimental data it can be concluded that the chemical reaction was of :-EL.und
ordear, [.a. a disproporticnation reaction (dismulatcn).

Second-order canstant for the decay of the Ar-MO;" species was assessed from single cyclic
valtammagrams of nigaldipine, according lo Olmstead’s procedure™ from the following relationship:

log w = log (kaaT)

Confirming the second order character of the lollowing chemical reaction, plot of kinetic paramalar, o,
w5 tirma senslant, 1, was linear, with average correlation coefficients nof lower than 0.97 for the drug.
As expected, the second order rate constant decreased and hal-lits increased as DMF pnrccntug £s
increased. Experimental ke value in the optimal mixed media was: k; = 283 £ 16.4 Imol™ 5" and the
calculated half-life, Lz = 0.70 minutes for 5 mi concentration of nisoldipine.

The characteristic lingar depandence between w versus T ior a sacand ardar chemical reaction
of the radical was maintained when M-acetyleysteine was added 10 the reaction medium. Howeaver,
concomitanty with the increase in ils concentration, an increase in the slope of this plot was observead
(Figure 2). This affect is due 1o the contribution of two different simulianeous competifive decay
pathways, Le. natural decay of the radical and its reaction with N-acetyleysteine (see Scheme).

Addition of N-acelyleysteine to nisoldipine selulion dacreased the |l value as comparad
with the control {wilhcul M-acetyleysieine, Inset. Figure 1). The decrease in the current ratio was of
15% at nisoldipine: MN-acetylcysteing ratio of 5:1

The interaction rate constant (calculated accnrding to ihe procedure described inred. 16] in1he

optimal experimental condifions was k; = 4 857 [Msec] This -.falua was significantly higher than the
comesponding to the natural decay of the radical (k. = 283 [Msec]').
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FIG. 2. Depandence af m varsus 1, () Mo
additions. Addition of N-acetyloysteina:
{2 0.2 mM {A) 0.5 mM (V) 1.0 mhA i3 5
ik,

: 2 —_— w NO
MOz Ha0 MO

k
+  N-ACETYLCYSTEINE-SH — = Products
NOL, -

ﬁ{_‘l{_‘lfi[zflln[(_‘lllj_‘

L3000
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H3t

Schame. Farallel reactions invalved in the decay of the niscldipine nitro radical anion when M-
acelyloysteing is added.
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EFR sludigs

The i sit generation leading lo radical specics was cartied out in DMF/D,1 N aquaous MaOH
pH 13 by applying the pofential corresponding 1o he first one-alectran reversible reduction pracess,
just found in the cyclic volizmmetnc expenmeants.

As can be seen in Figura 3, the hypering patiem coresponding 10 the nilroanion of nisoldipineg
appears completely resalved into 33 lines. The spectra ware simulated in lerms of one fripdet dua to
the nitragean nul::leuspf the nitra group, two daublets dug to the non equivalent hwdregens Hy and He,
one tripiel due to two equivalent hydrogens, Ha and He and one doublet dug o hydrogan of tha
difydropyriding ring. The hyperfine constant values were obtained by an EPA simulation Program
and ara listed in Tabla 1.

FIG. 3. EPR spectrum of nisoldipine anion radical alactrochemically generated. Line 1 is the sontrol
. (DMF/C1 N MNaOH, 0.1 M tetrabutylammanium peechlorate. Line 2 is zn EPR spectrum of niscldipine
anion radical produced in a system of 1 mM niscldipine and 0.1 M MaOH, final pH 13, Line 3 ilustrates
the complete inhibiticn of free radicsl generation by 20 mii M-acetylcysizine, final pH 13.

TABLE I Experimental hyperfine spiitling constants for the nitro radical anion from niscldiping.

' pa Ay Bigy iy Ao Asspue

10.E7 3.58 283 1.08 1.0% (.65

‘a valuas are expressed in Gauss,



Az can be seen from Figure 3, the addition of 20 mid N-acetyloysteine to nisoldiping nitra anion
radical generated by elaclrochemical reduction resulied in a decrease of the peak inlensity until 2
complete inhibition. However, partial scavenging effect becomes to be evident from-a 10 mh N-
acelylcysiging concentration. Considering thase rasults, it can be possible to offer a direct evidence
for an inhibition of nisoldiping anion radical by N-acelyleysleine undar aur exparimental conditions.
The fact that in the present work ne nisoldiping anion radical was detested fallowing addition of N-
acetyleysteine could suggas! the formation of such a M-acetyloysteinafisoldipine conjugala. However,
the epecific mechanism by which N-acetylcysteine inhibits the generation of niscldipine anion radical
was nol addressed,

CONCLUDING REMARKS

The results of this study document the generation of nitra radical anion from niscldipine diractly
by cyclic voltammetry and EPR speciroscopy. To our knowledge is the first EFR study of nisoldipineg
aman radical and ils inleraction with M-acetylcysteing. On the other hand, a significant reactivity af the
nitra radical anian from niscldipine has been quantitatively demonstrated by cyclic vellammeatry,

The one-electron reduction praduct fram nisoldipine significantly reacted with N-acetylcystaing,
being its rate interaction constant higher than that of the natural decay of the radical, These findings
enhance our understanding of nisaldipineg metabolizm and will ba useful to suppor a chamical basis
for the use of M-acetylcysteina as free-radical scavenger of this type of species. Moreover, these data
cauld be extended 10 substantiate a possibla new therapeulic applications, i, 1o prevent the appearance
of potential cytotoxicity phenomena caused for reduction intermediates of nisoldipine such a5, the Ar-
MO specias.
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