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Abstract-Bepridil, a calcium antagonist with anti-anginal, anti-ischemic, and anti-arrhythmic properties 
was assessed for its ability to scavenge free radicals. Bepridil reduced the stable free radical l,l-diphenyl- 
2-picrylhydrazil (DPPH) in the molar ratio 2: 1 and, in this respect, was as active as the reference anti- 
oxidants hydroquinone and a-tocopherol. Allopurinol and SOD inhibited cytochrome c reduction in a 
hypoxanthine-xanthine oxidase superoxide generating system, whereas bepridil was ineffective. 
Deoxyribose degradation induced by the ‘OH radical was prevented by bepridil (ICY = 0.050 mM). This 
ability to scavenge ‘OH was similar to that of dimethyl sulfoxide (DMSO) (ICY = 0.056mM) and 
more potent than that observed with mannitol and allopurinol (IC, values of 0.74 mM and 0.92 mM, 
respectively). The powerful ‘OH scavenging activity of bepridil was confirmed in vivo on alloxan induced 
diabetes in mice. Bepridil exerted a marked protective effect at 0.150 mmol/kg whilst, ethanol and 
DMSO were active at the doses of 90 and 94mmol/kg, respectively. These results demonstrate that 
bepridil is a potent ‘OH radical scavenger. This property may contribute to the therapeutic activity of 
this drug in myocardial ischaemia. 

Reactive oxygen species have been proposed to play 
a role in the production of ischemic myocardial injury 
[l-3] particularly in reperfusion associated injury 
[4,5], arrhythmias [6-81 and in depression of con- 
tractility in the so-called stunned myocardium 
phenomenon [9]. 

It has been suggested that oxygen free radicals 
exert their cytotoxic effect by causing peroxidation 
of membrane phospholipids, resulting in increases in 
membrane fluidity and permeability with an eventual 
loss of structure [lO-121. Consequently interest has 
been focused recently on the possibility of reducing 
myocardial ischemic injury [13] and post-ischemic 
dysfunction [14-181 with free radical scavengers or 
with substances able to interfere with oxygen metab- 
olism. 

Bepridil is a calcium antagonist [19-211 with potent 
anti-angina1 [22] and anti-ischemic properties [23]. 
This drug has proven efficacy in unstable [24] and 
chronic stable angina [25-281 and acute ischemia 
following myocardial infarction [23,29]. Moreover 
bepridil has anti-arrhythmic properties [30-351. 
Experimental studies in animal have shown the effi- 
cacy of bepridil in preventing ischemia and reper- 
fusion-induced arrhythmias [36,37]. 

The mechanism of action of bepridil as an anti- 
ischemic drug probably involves more than just the 
inhibition of the slow inward calcium current in 
myocardial[19,38] and vascular smooth cells [20,39] 
since it is avidly taken up by both myocardial and 
smooth muscle cells [40-42] and has been claimed to 
exert effects upon processes involved in intracellular 
calcium ion translocations [21]. 

It is not known if oxygen free radical scavenging 
activity is implicated in the anti-ischemic and anti- 
arrhythmic properties of bepridil. Consequently the 
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present study was performed to investigate the ability 
of bepridil to scavenge active oxygen species. 

Potential anti-oxidant properties of the molecule 
were examined by using the stable free radical 
DPPH. The efficacy of bepridil to inhibit xanthine 
oxidase or to scavenge superoxide anion was assessed 
using inhibition of ferricytochrome c reduction, 
whilst its reactivity with ‘OH was examined on ‘OH 
radicals, generated by Fe3+, ascorbate, H202 system, 
detected by their ability to degrade deoxyribose. 
Reference compounds for these different systems 
were also studied. 

Finally, since numerous studies in uivo have impli- 
cated oxygen-derived free radicals (mainly ‘OH rad- 
icals) in the diabetogenic action of alloxan we have 
investigated the ability of bepridil to prevent alloxan 
induced diabetes. 

Results clearly demonstrate that bepridil is a 
potent ‘OH radical scavenger. This ability of bepridil 
to scavenge free radicals may contribute to the anti- 
ischemic and anti-arrhythmic properties of the mol- 
ecule. 

MATERLUSANDMETHODS 

Materials 
l,l-Diphenyl-2-picrylhydrazil (DPPH), cysteine, 

hydroquinone, a-tocopherol, allopurinol, 2-deoxy- 
D-ribose, ethylenediamine tetraacetic acid (EDTA), 
hydrogen peroxide (HrOr), L-ascorbic acid, ferric 
chloride (FeC13.6HzO), 2-thiobarbituric acid (TBA), 
dimethyl sulfoxide (DMSO), alloxan, hypoxanthine 
cytochrome c (type III analytical preparation from 
horse heart), catalase (Hz02 : Hz02 oxidoreductase; 
EC 1 .ll. 1.6; analytical preparation from bovine 
liver; 14.000 Units/mg) and superoxide dismutase 
(SOD) (superoxide : superoxide oxidoreductase EC 
1.15.1.1; analytical preparation from bovine eryth- 
rocytes; 3000 units/mg) were from the Sigma Chemi- 
cal Co. (St Louis, U.S.A.). Xanthine oxidase (XOD; 
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xanthine: oxygen oxidoreductase; EC 1.1.3.2.2; 
analytical preparation from cows milk; 1 unit/mg) 

were generated by a mixture of Fe3+, EDTA, ascor- 
bic acid and HrOz [45]. Degradation of deoxyribose 

was purchased from Boehringer Mannheim (Indi- by ‘OH radical was carried out in: 200 mM phosphate 
anapolis, U.S.A.). 1,1,3,3 Tetramethoxypropan buffer, pH7.4 or 6.2. Reactants were added in the 
malonaldehyde bis (MDA) was obtained from following order 0.104mM EDTA; 0.1 mM freshly 
Aldrich (Milwaukee, U.S.A.), D (-) Mannitol from prepared FeC13; test substance or solvent; 1 mM 
Merck (Darmstadt, F.R.G.) and all other chemicals HrO,; 0.336 mM deoxyribose; 0.1 mM ascorbate. 
and solvents were of analytical grade (Merck). Bepri- Tube contents (1 mL) were incubated at 37” for 
dil was synthetized as the hydrochloride, mono- 30 min instead of 1 hr as described previously [45], 
hydrate salt by the Chemistry Department RL- then TBA reagent (0.33% w/v in M HCl) was added, 
CERM. followed by heating at 100” for 5 min. 

Methods 

Reactivity with DPPH. The reactivity of bepridil 
with DPPH and anti-oxidant compounds such as 
cysteine, hydroquinone and a-tocopherol was car- 
ried out using a modification of an earlier method 
[43]. DPPH was dissolved in 95% ethanol at a con- 
centration of 58.3 PM. To 3 mL of the ethanolic 
solution of DPPH was added 0.5 mL of test 
substances, dissolved in ethanol to give a final con- 
centration of 50 PM. Immediately after the addition 
of test substance, the absorbance of the DPPH was 
read continuously with a Kontron spectrophoto- 
meter, until the obtention of constant absorbance. 
Tangents were drawn to the curve obtained to deter- 
mine an initial rate. For stochiometric deter- 
minations of the reaction, test substances were 
dissolved at different concentrations in ethanol. A 
control solvent obtained with 3 mL of ethanolic solu- 
tion of DPPH and 0.5 mL of ethanol was performed 
in each experiment. For control and each con- 
centration of test substance, absorbance was evalu- 
ated when the reaction was completed. Reaction 
values of AA 517 nm in respect to concentration (c) 
were analysed by computer. From the curve AA = f 
(c), the molar ratio calculated at the equivalent point, 
was equal to [reduced DPPH]: [oxidized antioxi- 
dant]. For each compound five separate experiments 
were performed. Concentrations in a final volume of 
3.5 mL were: cysteine and hydroquinone (O-90 PM), 
cy-tocopherol (O-SO PM) and bepridil (O-100 PM). 

The absorbance was evaluated at 532nm com- 
paratively to MDA-TBA standards performed as 
described previously. 

Bepridil was dissolved in water and was compared 
with the known hydroxyl radical scavengers: man- 
nitol[46], DMSO and allopurinol[45,47]. Mannitol 
and DMSO were dissolved in water and allopurinol 
as described above. The effects of compounds on 
the deoxyribose degradation were used to construct 
regression lines and to obtain their respective lcsO 
values (the concentration of compound required for 
50% reduction in deoxyribose degradation). 

Effects on alloxan induced diabetes. Diabetes was 
induced in male OF1 Swiss mice (22 + 3 g) as 
described previously [48]. Alloxan monohydrate, 
dissolved in normal saline was injected into the tail 
vein (60 mg/kg, 0.2 mL per animal). All compounds 
or solvent were given as an intraperitoneal injection 
0.5 hr before alloxan administration. 

Two hydroxyl radical scavengers, ethanol and 
DMSO reported to have protective effects on alloxan 
diabetes, were used as reference drugs. Ethanol and 
DMSO were diluted in isotonic saline. Bepridil was 
given in a sterile glucose solution (bepridil 4 mg/ 
mL, glucose 48.4 mg/mL). Control animals received 
solvent and alloxan. Additional groups of animals 
also received test compounds to ensure that they did 
not affect basal blood glucose values. 

Blood glucose was measured 72 hr after alloxan 
administration by the glucose oxidase method 
(Boehringer Mannheim kits). 

Effects on cytochrome c reduction. Cytochrome c 
reduction by a hypoxanthine-xanthine oxidase 
superoxide generating system was quantified at 
pH 6.8 according to a previous method [44], modified 
as follows: xanthine oxidase was introduced into 
the assay before incubation with the appropriate 
concentrations of each compound under test. The 
reaction was initiated with hypoxanthine (120 ,uM) 
after 3 min preincubation. The superoxide depen- 
dent reduction of cytochrome c at 37” was followed 
by measuring the increase in absorbance at 546 nm 
for 15 min. The rate of reaction was evaluated from 
the slope of the absorption time function curve. The 
effects of bepridil and reference compounds such as 
SOD and allopurinol on the reduction rate were 
investigated. Percentage inhibition was calculated by 
computer analysis comparatively to the assay using 
solvent only. 

RESULTS 

Reactivity with DPPH 

SOD was solubilized in water, bepridil in ethanol, 
the final concentration of ethanol in the reaction 
being 1.5%. Allopurinol was dissolved in a small 
volume of M NaOH (lOmg/mL) and the solution 
made up to desired concentrations using water. 

Degradation of deoxyribose. Hydroxyl radicals 

Antioxidants react with the free radical DPPH 
and convert it to l,l-diphenyl-2-picrylhydrazine. The 
change in absorbance produced by this reaction was 
used to test the ability of bepridil to act as a free 
radical scavenger. Known reference antioxidants 
(50 PM) as cysteine, hydroquinone, cx-tocopherol 
reacted with DPPH (50 ,uM) at initial rate (Asrr/miJ 
respectively of 0.532, 0.550 and 0.420. The equi- 
libration of reaction was reached in 4 min for 
cysteine, 3 min for hydroquinone and 6 min for CY- 
tocopherol. These three anti-oxidants had different 
reduction capacities (see Table 1). Decrease in 
absorbance of DPPH measured with various con- 
centrations of anti-oxidants had shown that 1 mole 
of cysteine was able to neutralize 1 mole of DDPH 
and hydroquinone and cu-tocopherol 2 moles of 
DPPH. Molar ratios were, respectively, 1 for CYS- 
teine and 2 for a+tocopherol, which agrees with 
previous studies [49] and 2 for hydroquinone. Ahnf- 
elt-Ronne and Haagen-Nielsen [50] however have 
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Table 1. Stochiometry of the reduction of DPPH 

Equivalent point 

Reduced DPPH Oxidized compound 
Compound (PM) W) MR 

Cysteine 45 49 0.9 
a+Tocopherol 40 24 1.7 
Hydroquinone 42.3 23.5 1.8 
Bepridil 42 21 2 

The equivalent point was determined by the titration of DPPH as shown in Fig. 1. 
MR, molar ratio = [reduced DPPH] : [oxidized antioxidant] at the equivalent point. 
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Fig. 1. Titration of DPPH with bepridil. To 3 mL of etha- 
nolic DPPH (58.3 PM) was added 0.5 mL of bepridil in 
ethanol at concentrations of 0-1OOpM in final volume 
(3.5 mL). Absorbance of DPPH was measured at 517 nm. 
Reduced DPPH was evaluated from the decrease in absorb- 
ance at the equivalent point and compared to absorbance 

of a DPPH solution (50 PM) without bepridil. 

reported a molar ratio of 1 for a-tocopherol. The 
facilities of one exchangeable hydrogen from free 
sulfhydryl in cysteine and of two exchangeable 
hydrogens from hydroquinone and o-tocopher- 
ylhydroquinone produced by opening of the side ring 
in the o+tocopherol[51] may explain the high rate of 
DPPH reduction by these compounds. 

Following the addition of bepridil, the reduction 
of DPPH with an initial rate Asi7/min of 0.002 was 
very slow, compared to cysteine, hydroquinone or 
a-tocopherol. However 80% of the DPPH was 
reduced at 24 hr with the end of reduction at 96 hr. 
The influence of the concentration of bepridil on the 
decrease in absorbance of DPPH at 517 nm is shown 
in Fig. 1. From the titration of DPPH with bepridil 
it was estimated that 1 mole of bepridil reduced 2 
moles of DPPH, this indicating a transfer of 2 hydro- 
gen atoms per molecule of bepridil. As described for 
tinoridine [43] these two hydrogen atoms might be 
abstracted of pyrrolidine ring (Fig. 2). However, the 
presence of non-substituted phenyl ring [52] may be 
also involved in the DPPH reduction. 

Cytochrome c reduction 

The rate of cytochrome c reduction was linear with 
respect to time between 0 and 5 min. In the presence 
of SOD, which specifically dismutases superoxide 
anion, the cytochrome c reduction was inhibited by 

66% for an activity of 9.15 units/ml. An activity of 
45.75 units/ml was required to obtain an almost 
complete inhibition (see Table 2). Allopurinol, a 
xanthine oxidase inhibitor, starting at a concen- 
tration of 2OpM produced a marked decrease of 
cytochrome c reduction. This reduction of cyto- 
chrome c was not affected by bepridil even at the 
high concentration of 100 PM. This finding indicates 
that bepridil has no activity either as an ‘02 scavenger 
or as an inhibitor of xanthine oxidase. 

Degradation of deoxyribose 

Results are shown in Table 3. Hydroxyl radical 
scavengers inhibit deoxyribose degradation pre- 
sumably by preventing ‘OH generation in the reac- 
tion mixture. In agreement with published results, 
the mannitol concentration producing 50% inhi- 
bition of deoxyribose degradation (IG,,,) was 
0.742 mM. However, with allopurinol (ICY,, = 
0.925 mM) our results are slightly higher than those 
reported by Moorhouse et al. [45]. This author 
reports a deoxyribose degradation inhibition of 57% 
at 0.5 mM. The reference compound DMSO was 
active from a concentration of 0.01 mM where an 
inhibition of 24.5% was obtained. The hydroxyl rad- 
ical scavenger DMSO was over 10 times more potent 
than either mannitol or allopurinol. A marked inhi- 
bition was obtained with bepridil (27.2%), starting 
at the concentration of 0.01 mM. lcso values were of 
the same order for bepridil as DMSO. Bepridil is 
therefore a powerful scavenger of ‘OH radicals. 

Alloxan-induced diabetes in mice 

Alloxan (60 mg/kg i.v.), produced an increase in 
blood glucose levels in mice of between 135-172%, 
compared to the control animals, receiving saline. 
Pretreatment with the hydroxyl radical scavengers, 
ethanol and DMSO [53], prevented this hyper- 
glycemic effect of alloxan. The protective action of 
DMSO was not significant at 37 mmol/kg, but at 
94mmol/kg, inhibition was of the order of 86%. 
The diabetogenic action of alloxan was also partially 
prevented by ethanol at the dose of 87 mmol/kg 
where the glucose increase was inhibited by 79% 
(see Table 4). These results are in agreement with 
those reported previously [54]. The protective effect 
of DMSO and ethanol is certainly dependent on the 
dose of alloxan and, in fact, a complete protection 
by DMSO against the diabetogenic action of alloxan 
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Fig. 2. Possible reaction for bepridil and .,l-diphenyl-2-picrylhydraxyl. 

Table 2. Effects of bepridil, SOD and allopurinol on the 
reduction of cytochrome c by a hypoxanthine-xanthine 

oxidase system 

Addition 
Inhibition 

b N r (%) 

Control solvent (H,O) 0.041 3 0.967 
SOD 9.15 units/ml 0.014 3 0.977 66 

45,75 units/ml 0.007 3 0.973 83 
Control (NaOH/HrO) 0.041 7 0.969 
Allopurinol20 PM 0.020 7 0.886 

40 PM 0.004 7 0.850 : 
Control (ethanol) 0.044 4 0.961 no action 
Bepridil 40 PM 0.043 4 0.981 no action 

80 PM 0.046 4 0.992 no action 

Samples containing EDTA (0.1 mM), cytochrome c 
(0.08 mM), catalase (200 units/ml) and X0 (0.03 unit/ 
mL) were incubated with solvent or test compounds in 
50 mM phosphate buffer (pH6.8 at 37”). Cytochrome c 
reduction was initiated by addition of hypoxanthine 
(120 PM) and followed at 546 nm. From absorbance values 
obtained 5 min following hypoxanthine addition, 
regression lines were calculated (r, regression coefficient; 
b, the slope of the regression line; N, number of experi- 
ments. The percentage inhibition,was calculated from the 
slopes of the regression lines obtained with control solvent 
and test compounds. 

at 50 mg/kg has been reported, while protection was 
only partial after 75 mg/kg alloxan [54]. 

Pretreatment with bepridil at the dose of 
O.l50mmol/kg elicited a small decrease of 19% in 
basal blood glucose levels. It seems unlikely that 
the small reduction in basal blood glucose levels is 

-1 

-1 

Cl- 

Cl- 

Table 3. Inhibition of deoxyribose degradation by manni- 
tol, DMSO, allopurinol and bepridil 

Compound 
tcsa value 

(mM) N r 

Mannitol 0.742 (0.704-0.779) 5 0.98 
DMSO 0.056 (0.045-0.066) 6 0.86 
Allopurinol 0.925 (0.800-1.049) 6 0.89 
Bepridil 0.050 (0.045-0.062) 6 0.84 

Reaction mixtures (1 mL) containing EDTA (104 PM), 
FeC13 (lOOpM), test substance or solvent, H202 (1 mM), 
deoxyribose (336 PM), and ascorbate (100 PM), were incu- 
bated in phosphate buffer (200 mM, pH 7.4 or 6.2 at 37”) 
for 30 min. Samples were then boiled (for 5 min with TBA 
and the TBA-MDA complex measured at 532nm. The 
absorbance of samples containing test compounds were 
compared with absorbance of their respective controls with 
solvent, and the per cent inhibition of MDA formation 
calculated. From results obtained for various concen- 
trations of test compounds, regression lines were con- 
structed and ICY calculated (N = number of experiments; 
r, regression coefficient). 

responsible for the antagonism of alloxan-induced 
hyperglycaemia. On the contrary it has been found 
that compounds which transiently elevate blood 
glucose levels are able to protect against the diab- 
etogenic action of alloxan [55,56], although for some 
other workers this fact was less clear [48]. When 
given at the dose of 0.150 mmol/kg, 30 min before 
alloxan, bepridil largely protected against the 
induced hyperglycaemia, the alloxan-induced glu- 
cose increase being inhibited by 80%. There was 
also a significant inhibition (34%) at 0.075 mmol/ 
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Table 4. Protective effect of ethanol and DMSO on the diabetes has previously been shown with series of 
induction of hyperglycemia by alloxan compounds having structural similarities. The dif- 

Dose Blood glucose 
ferences in effectiveness of the ‘OH scavengers 

Treatment mmol/kg mM+SE 
DMSO and bepridil in duo cannot be explained 
solely on their abilities to react with ‘OH radicals. 

Saline 9,76 2 0.25 (12) Seeing that bepridil possess in addition marked anti- 

DMSO 37 9.33 + 0.38 (6)’ oxidant properties, two mobile hydrogen atoms may 

94 10.01 + 1.10 (12). augment the scavenging activity on ‘OH radicals. On 
Saline + alloxan 23.03 f 1.64 (34) the other hand, bepridil is highly lipophilic and is 
DMSO + alloxan 37 18.27 + 2.10 (20) bound to a high degree (> 99%) to serum proteins 

94 11.82 f 0.75 (29)t 
9.65 + 0.18 (24) 

[58,59]. A high value (> 10’) for the octanol/water 
Saline 
Ethanol 87 10.86 + 0.24 (24)’ 

partition coefficient confirms the lipophilic charac- 

Saline + alloxan 26.20 & 1.67 (42) 
teristics of bepridil. This could facilitate the uptake 

Ethanol + alloxan 87 13.54 + 1.02 (39)t 
of bepridil into /3 pancreatic cells where, as suggested 
by Oberley [60), alloxan induces cytotoxicity by pro- 

The number of animals in each group is shown in par- ducing active oxygen species. 

entheses. Whilst the dose of bepridil shown to be active 
Control animals received only i.p. saline, DMSO (37 

and 94 mmol/kg) or ethanol (87 mmol/kg). 
in mice in the alloxan study appears to be high 
(0.075 mmol/kg, equivalent to 32 mg/kg), it should 

* Not significant when compared to saline control. 
t P < 0.05 when compared to saline + alloxan (Student’s 

be remembered that accumulation of bepridil occurs 

t-test). 
in certain tissues (see e.g. Ref. 41). Furthermore, 

Table 5. Protective effect of bepridil on the induction of hyperglycemia by allOXan 

Treatment 
Dose be 

P 
ridil 

mmol kg 
Blood glucose 

mM*SE 

Saline 9.12 + 0.25 (20) 
(4.84%) Glucose 9.71 2 0.19 (20)* 

Bepridil 0.075 9.45 * 0.25 (20) 
Bepridil 0.150 7.85 + 0.23 (20)t 

(4.84%) Glucose + Alloxan 22.84 + 1.44 (40) 
Bepridil + Alloxan 0.075 18.18 f 1.40 (40)$ 
Bepridil + Alloxan 0.150 10.46 + 1.16 (40)$ 

Control animals received only i.p. saline, 4.84% glucose or bepridil (0.075 and 
0.150 mmol/kg). 

The number of animals in each group is shown in parentheses. 
Data are means 5 SE. 
* Not significant when compared to saline control. 
t P < 0.01 when compared to (4.84%) glucose control. 
$ P < 0.05 when compared to (4.84%) glucose + alloxan (Student’s t-test). 

kg bepridil (see Table 5). Compared to DMSO, a 
powerful ‘OH scavenger, the protective effect of 
bepridil on the diabetogenic action of alloxan was 
apparent at a dose of bepridil about 100 times lower 
than that of DMSO. These findings therefore confirm 
the powerful ‘OH activity of this molecule. 

In the deoxyribose degradation model, the 
potency of DMSO and bepridil as ‘OH radical scav- 
engers was similar (IQ, = 0.05 mM). As previously 
reported (e.g. see Ref. 57), the compounds order of 
reactivity with ‘OH in vitro was the same as their 
order of protection against alloxan diabetes in the in 

uiuo model. A positive correlation has been reported 
in these two models for an homologous series of 
alcohols [48] and for various urea derivatives [57]. It 
must be mentioned, however, that this correlation 
between molecules having reactivity with ‘OH rad- 
icals and the degree of protection in alloxan-induced 

biopsy of myocardial tissue in patients undergoing 
coronary artery bypass operation, stabilised on 
300 mg a day bepridil, gave mean tissue levels some 
17 times higher (= 12.4pg/g tissue) than plasma 
levels of bepridil in these subjects (RL-CERM, 
unpublished internal data). Extrapolating therefore 
to the situation in uiuo, it would seem quite possible 
that levels of the drug capable of scavenging free 
radicals could be obtained following administration 
of doses of bepridil in the therapeutic dose range. 

Among oxygen derived free radicals which are 
implicated in ischemia and reperfusion myocardial 
injury, the hydroxyl radical is reported to be one 
of the most cytotoxic [14,61]. This highly reactive 
radical oxidizes membrane lipids and thereby initi- 
ates a cascade of lipid peroxidation [62,63] resulting 
in membrane disruption. Due to its ‘OH radical 
scavenging activity, in addition to the hydrophobic 
nature of the molecule, it could be argued that bepri- 
dil possesses anti-lipoperoxidant properties, which 
might partially explain the cardioprotective effects 
of this drug observed during ischemic heart disease 
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[64]. Indeed a recent study indicated that bepridil 
very effectively attenuated (ICE,, = 55 PM) ‘Oz 
dependent iron-promoted peroxidation of phospho- 
lipids obtained from rat myocardium [52]. This anti- 
peroxidant protective activity of bepridil being simi- 
lar to the potency of bepridil as ‘OH radical scav- 
enger on the deoxyribose degradation: (1~~~ = 

50 ,uM) . 
Moreover free radical-induced membrane damage 

may be involved in the genesis of reperfusion induced 
rhythm disturbances [65]. In fact oxygen radical 
species may compromise membrane ion pump 
activity and lead to local electrophysiological 
derangements that trigger ventricular arrhythmias 
[66]. The involvement of free radicals in reperfusion 
arrhythmias and the protective effects of anti-free 
radical interventions have been demonstrated in sev- 
eral animal models [6,7,67,68]. Thus the efficacy 
of bepridil in preventing ischemia and reperfusion 
induced arrhythmias [30,36,37] could be partially 
explained by ‘OH scavenging properties. 

Finally, in recent years, a number of studies have 
suggested that oxygen metabolites, in particular ‘OH 
radicals, are implicated in the genesis of myocardial 
stunning [9]. Thus, it has been shown that the recov- 
ery of post-ischemic cardiac dysfunction is enhanced 
by free radical scavengers [15,17,18,69]. Transient 
ischemia associated with myocardial stunning occurs 
in numerous clinical settings, thus following both 
brief (fully reversible) and prolonged (partially irre- 
versible) ischemia there is only a slow recovery of 
myocardial function which can take hours or days to 
fully reverse [70]. It could be that hydroxyl radical 
scavengers like bepridil would be active in preventing 
such myocardial reperfusion injury as in the so called 
stunned myocardium phenomenon. In this respect, 
it may be of relevance that bepridil, unlike certain 
other calcium antagonists, is capable of reversing 
ischaemia-induced contractile dysfunction in the dog 
heart following partial, permanent ligation of the left 
circumflex coronary artery [71]. 

In conclusion, these studies have demonstrated 
that bepridil is a potent ‘OH radical scavenger. This 
ability of bepridil to scavenge free radicals may con- 
tribute to the anti-ischemic and anti-arrhythmic 
properties of the molecule. 
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