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Summary - Calcium dobesilate, a vascular protective agent, was tested in vitro for its scavenging action against oxygen free radicals. Calcium 
dobesilate was as potent as rutin to scavenge hydroxyl radicals (IC, = 1.1 vs 0.7 pM, respectively). It was also able to scavenge superoxide 
radicals, but with 23 times less potency than rutin (IC5,, = 682 vs 30 pM, respectively). Calcium dobesilate significantly reduced platelet 
activating factor (PAF)-induced chemilumincscence in human PMN cells and lipid peroxidation by oxygen free radicals in human erythrocyte 
membranes. although these actions required calcium dobesilate concentrations 2 50 pM. Finally, in cultured bovine aortic endothelial cells, 
magnesium dobesilate reduced the increase in cytosolic free calcium induced by hydrogen peroxide and inhibited phenazine methosulfate- 
induced cell potassium loss. In conclusion. calcium dobesilate was effective in scavenging hydroxyl radicals in vitro, at therapeutically 
relevant concentrations. Conversely, higher concentrations of the compound were required to scavenge superoxide radicals or to protect the 
cells against the deleterious effects of intracellular reactive oxygen species. Further studies in vivo are required to determine if these 
antioxidant properties of calcium dobesilate can play a role in its vascular protective mechanisms. Q 1998 Elsevier, Paris. 
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INTRODUCTION 

Calcium dobesilate (see structure in@gure I) possesses 
vascular protective properties in diabetic retinopathy [ 19, 
341, peripheral microvascular disease [14] and chronic 
venous insufficiency [35]. This compound reduces capil- 
lary fragility and permeability, but its mechanism of 
action is poorly understood. On the other hand, reactive 
oxygen species seem to play a role in the capillary dys- 
functions of diabetic micmangiopathy and other micm- 
vascular pathologies [for review see 2, 10, 151. Indeed, 
supplementation with rutosides or other antioxidants was 
found: (i) to antagonize the endothelial and tubular dele- 
terious effects of oxidative stress in human insulin- 
dependent diabetes mellitus [36]; and (ii) to reduce capil- 
lary filtration in venous hypertension [29], standing 
motionless [28] and in the acute hindlimb lymphedema 
of the rat [5]. Among seven tested flavonoids, Chen et al 
[7] have found that the natural polyphenolic flavonoid 
rutin was the strongest scavenger of superoxide radicals. 

Moreover, rutin was also found efficient in numerous 
models involving hydroxyl radicals [see 12,311. Finally, 
rutin is commonly used as a reference antiradical and 
antioxidant compound [see 231. 

The above arguments pushed us to investigate 
whether calcium dobesilate possesses antioxidant 
properties. Therefore, the compound was tested in 
vitro for its potential scavenging effect on extra- and 
intracellular oxygen reactive species. Rutin was used 
as comparative molecule. 

METHODS 

Acellular antioxidant assays 

Xanthine/xanthine oxidase and PMS/NADH assays 
Superoxide radicals generated by reaction between 200 pM 
xanthine and 0.2 IU/mL xanthine oxidase (or between 1 p M  
phenazine methosulfate (PMS) and lo0 pM hydrogenated 
nicotinamide-adenine dinucleotide [NADH] were measured 
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206 J Brunet et a1 

OH 
Fig 1. Chemical structure of dobesilate anion. Salts with calcium or 
magnesium ion were used here. These organic salts are. very soluble 
in water and ethanol, practically insoluble in ether or chloroform. 

by reduction of 50 pM nitroblue tetrazolium (NBT), accord- 
ing to a previously published protocol [21]. This reaction 
was performed at room temperature in a spectrophotome- 
ter's cuvette. in presence of 5 mM 3-(N-morpholino)propa- 
nesulphonic acid (MOPS)-Tris (hydroxymethy1)-aminome- 
thane (Tris) buffer medium (pH = 7.4 at room temperature). 

The time course of the reduced NBT absorbance (at 
560 nm) was recorded at times (min): 0, 1, 2, 3 and 4. Con- 
trol experiments showed that: (i) NBT absorbance linearly 
increases with time for at least 4 min (initial rate of the reac- 
tion), (ii) NBT reduction was fully blocked by 1 IU/mL 
superoxide dismutase (SOD), unaffected by 0.1% (v/v) 
dimethyl sulfoxide (DMSO), and only marginally inhibited 
(-20%) by 100 mM mannitol (an OHo-radical scavenger). 
These control experiments confirmed that the assay was 
appropriate to evaluate potential scavengers of superoxide 
anion radicals (O,O-> [for experimental details see 211. 

Xanthine/xanthine oxidase + DMSO/FeC12 assay 
Hydroxyl radicals (and superoxide anions) chemically gen- 
erated by adding xanthine oxidase (final concentration = 
0.01 uniWmL) and FeCI, (0.5 pM) to the above MOPS-Tris 
medium containing 140 mM DMSO and 200 pM xanthin, 
were measured by using the fluorescent probe Tempo 9-AC 
(Sigma, St Louis, MO, USA) at 50 pM. Under such condi- 
tions, the fluorescence signal of Tempo 9-AC was shown to 
depend on OH"-radicals [for details see 26,271. 

Antioxidant assays using cell models 

Human Polymophonuclear Cells 
Reactive oxygen species produced by human polymorpho- 
nuclear cells (PMNs) upon activation were quantified by 

their light emission in presence of luminol according to 
Floch et al [ 1 13. Briefly, human polymorphonuclear cells 
were isolated from healthy human blood samples (-10 mL 
harvested on heparinized tubes) by the dextran-method, 
including erythrocytes lysis and granulocyte re-suspension 
in Hank's balanced salt solution (HBSS) containing 0.5%. 
bovine serum albumin (BSA), at a cell concentration of 
5 million PMNdmL. Cell viability, measured with Trypan 
blue, was > 95%. 

Human PMNs, used at final concentration of 1.7 million 
cells/mL, were first primed with N-formyl-L-methionyl-L- 
leucyl-L-phenylalanine (fMLP: 5 nM; incubation time: 
10 min at 37 "C), in order to increase their sensitivity to 
platelet activating factor [PAF, see 111. Then, a dose- 
response curve of chemiluminescence as a function of PAF 
concentrations was performed on the day-harvested cell 
sample in order to determine a sub-maximal dose of PAF 
(C,d for the experiment itself. A Hank's incubation medium 
containing 0.25% BSA was used to prevent PAF adhesion 
to the tubes. After preincubation of the cells for 5 min at 
37 "C in the presence of the tested-molecule (or solvent), 
100 pM luminol and PAF (32 nM) were added to the tubes 
(final volume = 600 pL) and the luminescence was recorded 
using a six-channels luminometer (Biolumat LB9505, Bert- 
hold, Wildbad, Germany). 

Human Erythrocytes 
Malondialdehyde (MDA, a marker of lipid peroxydation) 
was measured in human erythrocytes as previously 
described [20, 211. Briefly, red blood cells at a final hema- 
tocrit of about 25% were incubated for 2 hours with 
1.5 mM PMS and 1 mM diethyldithiocarbamate (DDC). an 
inhibitor or superoxide dismutase, at 37 "C. Cells were then 
washed three times with cold 150 mh4 NaCI. The final cell 
pellet was lysed with 20 volumes of 5 mM phosphate buf- 
fer (pH 7.4). The lysate was submitted to ultracentrifuga- 
tion (20 min at 30,000 g) and the pellet resuspended with 
20 volumes of cold 50 mM Na phosphate buffer (pH 7.4). 
The centrifuged membranes were incubated for I hour at 
95 "C in the presence of thiobarbituric acid (TBA 0.13% 
v/v), 0.07 N sulfuric acid, 0.01N NaOH, glacial acetic acid 
and 0.04% (v/v) Acationox (controls were made in the 
absence of TBA). After incubation, tubes were rapidly 
chilled, 5 mL n-butanol were added and the tubes were vor- 
texed for 5 min. Absorbance of the butanol phase was 
measured at 532 nm, and MDA content was calculated 
from the difference between samples with and without 
TBA. Parallel calibration curves were done with malondial- 
dehyde diethylacetal, the chromophoric product of the 
TBA-reaction. Control experiments showed that PMS 
increased by 3-6 times the amount of membrane MDA 
(-20 p m o n  of cells). 

PMS-induced potassium efflux in human erythrocytes 
was measured by using a previously published protocol 
P O I .  
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Endothelial Cell culture 
The bovine aortic endothelium cell line was purchased from 
European Collection of Cell Cultures (ECACC, Sophia-Anti- 
polis, France). Cells were cultured according to standard p m  
cedures (90% Dulbecco's Modified Eagle Medium, 10% fetal 
calf serum), under 5% C0495% air. Sub-passages were done 
by mild trypsinization (0.25% for 2 min). For measurement of 
ion movements, cells were seeded in 6-well plates (4.104 
celldcm2). Cytosolic free calcium measurements were perform- 
ed on suspended cells. In all cases, confluent cells were used 

Measurement of cytosolic free calcium 
concentrations 
Cytosolic free calcium concentrations were measured by 
using the fluorescent probe Fura2 [13], from the ratio 
between 340 and 380 nm-excited 505 nm emission (after 
appropriate blank subtractions). Cells were incubated with 
the acetoxymethyl ester of the cell-permeant Fura2 
(FuraUAM: 5 pM) for 45 min at mom temperature. Then, 
cells were incubated in absence of Fura2lAM for other 
30 min at 37 "C, in order to insure total desterification of the 
internalized probe. Fluorescence was measured, at 0.5 Hz, 
using a spectrofluorimeter (Shimadzu RF5000, Roucaire, 
Velizy-Villacoublay, France). The cuvette contained 2 mil- 
lion cells in 2 mL of the incubation medium (standard 
saline). Final calibration (Rmax) was done with 0.1% Xl00 
Triton, followed by addition of 10 mM EGTA (Rmin). 
Cytosolic free. calcium concentration was calculated accord- 
ing to Grynkyewicz et al [ 131. 

Measurement of cell potassium contents 
Cells were allowed to equilibrate for 30 min at 37 "C in a stan- 
dard saline medium containing (mM): NaCll45, KC1 5, MgCl, 
1, CaCl, 1, MOPS-Tris 10 @H 7.4 at 37 "C), glucose 5. After 
this preincubation period, wells were washed with 150 mM 
NaCl and the efflux medium (containing [mM]: NaCl 135, 
CsCl 10, MOPS-Tris 10 [pH 7.4 at 37 "C], CaCI, 1, MgCI, 1, 
glucose 5 )  was added (2 mL per well). Potassium efflux was 
stopped by quick withdrawal of the external medium, in which 
potassium concentration was measured by atomic absorption 
flame photometry (IL457, Spectra, France), followed by a rapid 
washing with ice-cold 110 mM MgCI, (3 times 5 mL /well). 
Cells were lysed by addition of 3 mL 0.02% (v/v H,O) Acatio- 
nox@ (a cation-free detergent, American Scientific Products, 
McGraw Park, IL, USA). Lysates were used for measurement 
of internal Na and K cell contents. 

The rate constant of potassium efflux (kK. in l/h) was cal- 
culated under initial rate conditions by dividing the decrease 
in internal potassium content by the incubation time and the 
initial internal potassium content. 

Effect of oxygen free radicals on cell potassium 
contents 
Oxygen free radicals were generated by using PMS, in the 
presence of 5 mM diethyldithiocarbamate (DDC, a SOD 

inhibitor). Since control experiments showed that exoge- 
nous NADH did not enhance PMS effect, most experiments 
were performed in the absence of added NADH. 

Preliminary experiments were carried out to choose sig- 
nificant and reproducible potassium loss in response to oxy- 
gen free radicals generated in situ. The optimal conditions 
were: (i) 1 hour incubation at 37 "C; (ii) 1 mM PMS (likely 
entering the cell interior and reacting with intracellular 
NADH); (iii) 5 mM DDC (also present during preincuba- 
tion), to inhibit intracellular SOD; (iv) 0.1 mM ouabain and 
bumetanide, in order to block potassium movements 
through the Na-K pump and the Na-K-CI cotransport 
system, respectively. 

Measurement of free iron concentrations 
To investigate potential Fe2+ chelation by calcium dobesi- 
late, changes in free Fe2+ concentrations were monitored by 
using the fluoresceinated derivative of the naturally occur- 
ring microbial siderophore desferrioxamine B (FL-DFO, 
Molecular Probes, Eugene, OR, USA). Non-fluorescent des- 
femoxamine was used as reference iron chelator. The reac- 
tion was carried out at room temperature in a solution of 
(mM): MOPS-Tris 5 (pH 7.4 at 20 "C) and FL-DFO 0.001. 
FeCl, was added at a final concentration of 100 nM. Fluo- 
rescence was measured at 515 nm (excitation wavelength: 
493 nm). 

Compounds 

Calcium dobesilate (calcium dihydroxy-2-5 benzenesulfo- 
nate) was provided by OM Laboratories (Meyrin 2, Geneva, 
Switzerland). All other chemicals were either from Merck or 
Sigma (distributed through Coger, Paris, France). 

Statistical analysis 

Results were expressed as means f standard error of the 
mean (SEM) (n indicates the number of experiments). Sta- 
tistical differences between two mean values were deter- 
mined by unpaired Student's t-test. Statistical significance 
was accepted for P < 0.05. 

RESULTS 

Scavenging actions of calcium dobesilate 
on superoxide and hydroxyl radicals 

Superoxide 
Superoxide anion radicals were chemically generated 
(0.4 pM/min) by the couple xanthine/xanthine oxidase 
(X/XO) and calcium dobesilate was tested for its 
scavenging action in dose response curves. Figure 2 
shows that calcium dobesilate reduced superoxide lev- 
els in a concentration-dependent manner. This super- 
oxide scavenging action was observed in the millimo- 
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Fig 2. Reduction by calcium dobesilate of superoxide radicals che- 
mically generated (0.4 pMmin) by the couple xanthindxanthine 
oxidase and of the chemiluminescence of platelet activating factor 
(PAF)-activated human polyrnorphonuclear cells. The initial rate of 
superoxide anion generation was equated to the rate of increase in 
reduced nitroblue tetrazolium (NBT). PAF concentration was 
32 nM. Values are given as mean i standard error of mean (SEM) 
(n  = 6 and 4 for the superoxide xanthindxanthine oxidase [XIXO] 
and human polymorphonuclear cells [PMN] chemiluminescence 
experiments respectively). 

lar range of compound concentrations (ICs0 = 0.69 f 
0.20 mM, n = 6). Indeed, table I shows that calcium 
dobesilate was 23 times less potent than the reference 
molecule: rutin = 29.8 * 9.0 pM, n = 6) as scav- 
enger of superoxide radicals. 

It is important to mention that: (i) calcium chloride 
was without significant action on superoxide levels, 
even at concentrations of 10 mM; and (ii) calcium 
dobesilate showed similar scavenging potency against 
superoxide anions chemically generated by the couple 
PMS/NADH (IC, = 0.5-1 mM). 

Hydroxyl radical 
Hydroxyl radicals were chemically generated by add- 
ing DMSO and FeCl, to the couple xanthine/xanthine 
oxidase. Figure 3 (upper panel) shows that calcium 
dobesilate reduced the OHo-induced fluorescence sig- 
nal in a concentration-dependent manner. This scav- 
enging action was observed at concentrations three 
orders of magnitude lower as those active on superox- 
ide (figure 2). Table I shows that calcium dobesilate 
was almost as potent as rutin in this assay (IC50 = 1.1 
vs 0.74 pM, for calcium dobesilate and rutin respec- 
tively). It is important to mention that neither calcium 
dobesilate (0.05-50 pM), nor rutin (1 pM) quenched 
the fluorescent probe signal (TEMPO-9AC). 

Figure 3 (lower panel) shows the effect of calcium 
dobesilate on the Fe2+-sensitive fluorescence signal 
of fluoresceinated desfemioxamine B (FL-DFO, see 

Methods). It can be seen that calcium dobesilate up to 
concentrations as high as 100 pM was unable to sig- 
nificantly decrease Fe2+-dependent FL-DFO fluores- 
cence signal. Conversely, Fe2+-dependent FL-DFO 
fluorescence signal was strongly reduced by non-fluo- 
rescent desfemoxamine. 

Antioxidant functions of calcium dobesilate in cell 
models 

Human polymorphonuclear cells 
Calcium dobesilate was tested for its inhibitory effects 
on luminol-dependent chemiluminescence of PAF- 
activated human polymorphonuclear cells, as 
described in Methods. Figure 2 shows that calcium 
dobesilate inhibited luminol-dependent chemilumines- 
cence in a similar manner as it acts as a superoxide 
scavenger. Significant inhibition (P < 0.05) was 
noticed for calcium dobesilate concentrations 2 
500 pM. Chemiluminescence inhibition of PAF-acti- 
vated human PMNs reached 90% for 10.7 mM cal- 
cium dobesilate. 

Human erythrocytes 
Figure 4 shows the effect of increasing concentrations 
of calcium dobesilate (0.5-10 mM) on PMS-depen- 
dent membrane MDA formation in human erythrocyte 
membrane. It can be seen that high concentrations of 
calcium dobesilate (5 and 10 mM) decreased MDA 
contents by 55% (P < 0.05) and 85% (P < 0.01) 
respectively. It is important to mention that calcium 
dobesilate per se (0.5-5 mM) did not significantly 
modified basal membrane MDA contents (data not 
shown). 

Figure 4 also shows that calcium dobesilate was 
ineffective to reduce PMS-induced potassium efflux 
in human red blood cells. 

Cultured endotheliul ceUs 
Basal cytosolic free calcium contents in bovine aortic 
endothelial cells were 170 f 30 nM (n = 12). Calcium 
dobesilate induced a slight and dose-dependent reduc- 
tion of cytosolic free calcium concentration (-20% at 
5 mM). Conversely, magnesium dobesilate (0.05- 
5 mM) was unable to significantly change basal val- 
ues of cytosolic free calcium, even after 15 min prein- 
cubation. Moreover, magnesium dobesilate (0.005- 
0.5 mM) was unable to significantly modify basal 
potassium contents (after 30 or 60 min of incubation). 
Therefore, subsequent experiments in these cells were 
camed out by using magnesium dobesilate. 

PMS possesses intrinsic fluorescence, thus hamper- 
ing the measurements of cytosolic calcium contents 
with the Fura2 fluorescent probe. Thus, hydrogen per- 
oxide was used to increase cytosolic free calcium con- 
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Table 1. Free radical scavenger actions of calcium dobesilate vs rutin. 

Scavenging IC,, [pM] 

Compound 

Calcium dobesilate 
Rutin 

Superoxide radicals Xanthinaanthine 
oxidase assay 
682 i 172 (6) 

29.8 i 9.0 (6) 

Hydroxyl radicals Xanthinaanthine 
oxidase + DMSO/FeCI, assay 

1.1 io.1 (4) 
0.74 i 0.14 (3) 

Values are given as mean i SEM. The number of experiments is indicated in brackets. 
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Fig 3. Upper panel: Scavenging action by calcium dobesilate on 
hydroxyl radicals chemically generated by the couple xanthindxan- 
thine oxidase. in presence of dimethyl sulfoxide (DMSO) and FeCI,. 
The initial rate of hydroxyl radical generation was equated to the 
rate of increase in Tempo 9-AC fluorescence [26, 27; see also 
Methods and Discussion). Rutin was used as reference molecule. 
Values are given as mean i SEM (n = 4 and 3 for calcium dobesi- 
late and rutin, respectively). It can be seen that calcium dobesilate 
was almost as potent as rutin to scavenge hydroxyl radicals. Lower 
panel: Lack of effect of calcium dobesilate on the Fe2+-sensitive 
fluorescence signal of fluoresceinated desferrioxamine B (FL- 
DFO). Fe2+-dependent FL-DFO fluorescence signal was strongly 
reduced by non-fluorescent desfenioxamine (DFX). 

tents in cultured endothelial cells. In the absence of 
added iron, high concentrations of hydrogen peroxide 
(0.2% w/v) were required to induce a reproducible 

-0- MembrmeMDA 

K-efflux 

\ I 

0 '  1 1 1 I 

-5 4 -3 -2 

Calcium dobesilate concentration log [MI, 

Fig 4. Effect of calcium dobesilate on the lipid peroxydation and 
increase in potassium permeability induced by phenazine methosul- 
fate (PMS)dependent oxygen free radicals in human erythrocytes. 
Peroxidation of unsaturated membrane phospholipids by oxygen free 
radicals was evaluated by measurement of PMS-dependent mem- 
brane malondiadehyde (MDA) formation, one product of the reac- 
tion. Values are given as mean i SEM (n = 3-4 for each condition). 

and significant increase in cytosolic free calcium (324 
* 21 nM, n = 9). Figure 5 shows that preincubation 
with magnesium dobesilate (0.55 mM) for 15 min 
strongly inhibited the cytosolic calcium increase 

Incubation of cultured endothelial cells for 1 h with 
PMS (which reacts with internal NADH to give super- 
oxide anions) plus DDC (an inhibitor of superoxide 
dismutase) induced a cell potassium loss of 20% (n = 
14, P < 0.01). Figure  5 shows that addition of 
0.55 mM magnesium dobesilate significantly reduced 
this cell potassium loss (by -50%, P < 0.05). 

(-50%). 

DISCUSSION 

Experimental and clinical studies revealed that cal- 
cium dobesilate possesses vascular protective proper- 
ties, particularly for microvessels [14, 17, 19, 22, 34, 
351. A reduction in collagen biosynthesis and hydrox- 
ylysine incorporation in retina and glomerula base- 



210 J Brunet et al 

Fig 5. Inhibition by magnesium dobesilate of the cytosolic free cal- 
cium increase and cell potassium loss induced by oxygen free radi- 
cals in cultured endothelial cells. PMS reacts with internal NADH 
to produce superoxide anions (superoxide dismutase was inhibited 
by adding diethyldithiocarbamate [DDC]). Values are given as 
mean i SEM (n  = 3-4). * and ** indicate P < 0.05 and < 0.01 res- 
pectively (non-paired Student's t-test). 

ment membranes of diabetic rats [17] is probably one 
of the apparently multiple underlying mechanisms of 
calcium dobesilate action. 

Flavonoids, particularly rutosides. also exert vascu- 
lar protective properties [5 ,  6, 28, 29, 361 and the 
mechanism of action of these compounds seems to 
reside in their ability to scavenge reactive oxygen spe- 
cies. Thus, rutin has been shown to act as antioxidant 
in various in vitro [7. 12, 21, 321 and ex-vivo models 
[I, 151. 

Dobesilate is a diphenolic anion (figure I) and 
hydroxylated and or aromatic compounds are known 
to scavenge oxygen reactive species. Moreover, the 
above considerations suggested that calcium dobesi- 
late could act as vascular protective agent, at last in 
part, through antioxidant functions. Therefore, the 
compound was tested for antioxidant properties by 
using simple in vitro tests and taking rutin as refer- 
ence compound. The obtained results clearly revealed 
that calcium dobesilate possesses free radical scav- 
enging properties, but its profile is complex and 
depends on the radical species and the cell model in 
consideration. 

Calcium dobesilate was effective to reduce superox- 
ide anion radicals (020-, generated by the reaction 
couples xanthine/xanthine-oxidase or PMSMADH), 
but the scavenging action was observed in the milli- 
molar range of concentrations. Indeed, calcium dobes- 
ilate was 23 times less potent as (O2O-)-scavenger than 
the reference molecule: rutin (fable I). This is not sur- 
prising because, except flavonoids, few antioxidant 

compounds appear active against superoxide radicals 
[16, 211. On the other hand, although two different 
tests were used, we cannot exclude that millimolar 
concentrations of calcium dobesilate compete with the 
natural target for the oxidizing species. 

Calcium dobesilate acted with slightly less antioxi- 
dant potency against reactive oxygen species in PAF- 
activated human polymorphonuclear cells. This rather 
similar potency can be explained by the fact that oxy- 
gen free radicals are generated outside the cell (partic- 
ularly O,O-). In this model, it is possible to quantitize 
oxygen free radical production by their luminescence 
under controlled experimental conditions [ 1 11. 

It is well documented that oxygen free radical gen- 
eration by PMN cells (and macrophages) is involved 
in most inflammatory processes. Moreover, the recent 
observation of an exacerbated oxygen free radical pro- 
duction by macrophages from diabetes-prone BB rats 
provides an additional conceptual link between oxida- 
tive stress and diabetes [4]. Therefore, the observation 
that calcium dobesilate exhibited an inhibitory action 
on PAF-dependent PMN cell chemiluminescence can 
explain its previously reported anti-inflammatory 
actions and the inhibition of macrophage migration 

Calcium dobesilate was tested against the OHo- 
dependent increase in fluorescence signal of Tempo 
9-AC. This assay is based on the following features: 
(i) hydroxyl radicals are generated via the iron-cata- 
lyzed Haber-Weiss reaction from superoxide anion 
(xanthine/xanthine oxidase) and hydrogen peroxide 
(derived from spontaneous dismutation of superoxide 
anion); and (ii) DMSO selectively traps hydroxyl radi- 
cals producing methyl radicals which are able to react 
with the nitroxide moiety of Tempo-9AC thus increas- 
ing its fluorescence signal [26,27]. 

Calcium dobesilate was active in the Tempo 9-AC 
assay in the micromolar range of concentrations (IC5,, 
= 1.1 pM) and was almost as potent as rutin (fable I). 
This action of calcium dobesilate was not due to iron 
chelation since calcium dobesilate concentrations as 
high as 100 pM were unable to significantly reduce 
the Fe2+-sensitive fluorescence signal of fluorescei- 
nated desferrioxamine B (figure 3, lower panel). 
Therefore, the action of calcium dobesilate can be 
explained by direct hydroxyl radical scavenging. 
However, we cannot exclude scavenging of methyl 
radicals. 

To investigate if calcium dobesilate could act as 
antioxidant in intracellular compartments, the com- 
pound was tested against the following disturbances 
of intracellular oxygen reactive species: (i) membrane 
lipid peroxidation; (ii) potassium loss; and (iii) cyto- 
solic calcium increase. In some experiments, magne- 
sium dobesilate was used to control the potential 

~ 5 1 .  
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effects of excess calcium ions (for instance, an 
increase in cytosolic free calcium concentration which 
can activate calcium-dependent potassium channels 
and induce cell potassium loss). Calcium and/or mag- 
nesium dobesilate were both efficient to protect the 
cells against oxygen reactive species in the models 
studied. 

In human erythrocytes, calcium dobesilate reduced 
PMS-dependent lipid peroxydation, although the 
effect was observed at high concentrations yigure 4). 
This low potency of calcium dobesilate is intriguing 
because hydroxyl radicals catalyze membrane lipid 
peroxydation. One possible explanation is that cal- 
cium dobesilate has difficult access to the cell interior, 
as expected from its hydrophilic properties (see struc- 
ture infigure I). 

In cultured endothelial cells, high concentrations of 
hydrogen peroxide (-50 mM) were required to induce 
a marked and reproducible increase in cytosolic free 
calcium concentration (seemingly through intracellu- 
lar OH” radical generation). This cytosolic calcium 
increase was strongly inhibited by high concentrations 
of magnesium dobesilate. Moreover, magnesium 
dobesilate was also able to inhibit the PMS-induced 
cell potassium loss. 

It is important to mention that in the above cell tox- 
icity tests calcium dobesilate can act by a more com- 
plex mechanism. ie, that its protective effect is not 
exclusively linked to an antioxidant effect, but also to 
an action on some downstream step. 

Taken together our results strongly suggest that cal- 
cium dobesilate has antioxidant properties via a direct 
scavenging effect, particularly against external 
hydroxyl radicals. This can explain, at least in part, 
the observation in animal models that calcium dobesi- 
late reduces the myocardium infarcted area after coro- 
nary artery occlusion [ 18, 301 and decreases the levels 
of biochemical markers of early acute myocardial 
infarction in humans [33]. 

Further studies are required to investigate whether 
the antioxidant effects of calcium dobesilate in vitro 
translate into significant beneficial actions in vivo. In 
this respect, it is important to recall that in vivo 
actions of rutin in rats require oral doses as high as 
lg/kg/d [24]. Conversely, after a single 500 mg oral 
dose in humans, the blood concentration of calcium 
dobesilate peaks at -35 p M  at the 6th hour, with 
a plateau phase between the 3rd and 10th hour [3]. 
In addition, the drug is only 20-25% bound to 
plasma proteins. Thus, the present in vitro antioxidant 
properties of calcium dobesilate can be of therapeuti- 
cal relevance. In particular, one is tempted to tenta- 
tively predict that calcium dobesilate should exhibit 
in vivo protective effects against the deleterious 
effects of oxygen free radicals at the capillary level, 

including proteins leak and microvascular edema for- 
mation [8,9]. 

CONCLUSION 

Calcium dobesilate was effective in scavenging 
hydroxyl radicals in vitro. This effect was observed at 
therapeutically relevant dobesilate concentrations. 
Conversely, higher concentrations of the compound 
were required to scavenge superoxide radicals or to 
protect the cells against the deleterious effects of 
intracellular reactive oxygen species. Further studies 
are required to decide if these antioxidant properties 
of calcium dobesilate can participate in its vascular 
protective mechanisms in vivo. 

REFERENCES 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Afanas’ev IB. Ostrachovitch EA, Abramova NE, Kirkina LG. 
Different antioxidant activities of bioflavonoid rutin in normal 
and iron-overloading rats. Biochem Pharmacol 1995 ; 50 : 

Baynes JW. Role of oxidative stress in development of compli- 
cations in diabetes. Diabetes 1991 ; 40 : 405-77 
Benakis A, Glasson B, Bouvier C, Ritschard J, Krahenbuhl B. 
Jung A, Hachen H. MCtabolisme et pharmacocinCtique du 
dobCsilate de calcium chez I’homme. Thdrapie 1974 ; 29 : 

Brenner H, Burkart V, Rothe H, Kolb H. Oxygen radicals pro- 
duction is increased in macrophages from diabetes-prone BB 
rats. Autoimmunity 1993 ; 15 : 93-8 
Casley-Smith JR. Casley-Smith JR, Cum S, Foldi M. Topical 
treatment of acute hindlimb lymphedema of the rat using a trox- 
erutin-phosphatidylcholine complex in liposomal-like microdis- 
persion. Lymphology 1993 ; 26 : 25-7 
Cheatle TR, Scum JH, Smith PD. Drug treatment of chronic 
venous insufficiency and venous ulceration : a review. J R Soc 
Med 1991 ; 84 : 354-8 
Chen YT, Zheng RL, Jia ZI. Ju Y. Flavonoids as superoxide 
scavengers and antioxidants. Free Radic Biol Med 1990 ; 9 : 

Del Maestro RF, Bjork J, Arfors KE. Increase in microvascular 
permeability induced by enzymatically generated free radicals. 
I. In vivo study. Microvasc Res 1981 ; 22 : 239-54 
Del Maestro RF, Bjork J, Arfors KE. Increase in microvascular 
permeability induced by enzymatically generated free radicals. 
11. Role of superoxide anion radical, hydrogen peroxide and 
hydroxyl radical. Microvasc Res 1981 ; 22 : 255-70 
Doly M, Droy-Lefaix MT. Lipid peroxidation in the pathology 
of the retina. In: Packer L, Prilipko L, Christen Y, eds. Free 
radicals in the brain aging. Neurological and mental disorders. 
Berlin, Heidelberg: Springer-Verlag; 1992. p. 123-39 
Floch A, Tahraoui L, Sedivy P, Cavero I. The platelet activating 
factor receptor antagonist, RP 59227, blocks platelet activating 
factor receptors mediating liberation of reactive oxygen species 
in guinea pig macrophages and human polymorphonuclear leu- 
kocytes. J Pharmacol Expl Therap 1991 ; 258 : 567-75 
Grinberg LN, Rachmilewitz EA, Newmark H. Protective effects 
of rutin against hemoglobin oxidation. Biochem Pharmacol 

Grynkyewicz G, Poenie M, Tsien R. A new generation of Ca 
indicators with greatly improved fluorescence properties. J Biol 
Chem 1985 ; 260 : 3440-50 

627-35 

21 1-9 

19-21 

1994 ; 48 : 643-9 



212 J Brunet et al 

14 Hachen H, FICA, Lorenz P. Etude clinique et plCthys- 
mographique en double-aveugle du DoMsilate de Calcium chez 
des patientes atteintes de  troubles microcirculatoires 
firiphtriques. Angiol 1982 ; 33 : 480-7 

15 Halliwell B. The role of oxygen radicals in human disease with 
particular reference to the vascular system. Haemosrasis 1993 ; 

16 Halliwell B. Antioxidant characterization. Methodology and 
mechanism. Biochem fharmacol 1995 ; 49 : 1341-8 

17 Hasslacher C, Kopischke H. BIirklin E. Hemmung der gestei- 
gerten Synthese kapill&er Basalmembran diabetischer Ratten in 
vivo. Vma 1981 ; 10 : 148-50 

18 Huttl K, Hollenberg NK. Effect of CLS 2210 (calcium dobesi- 
late) on survival and myocardial infarction size in the rat : influ- 
ence of dose and duration of treatment. Cardiology 1992 ; 80 : 

19 k i t e  E, Mota M. Faria de Abreu J, Cunha-Vaz I. Effect of cal- 
cium dobesilate on the blood-retinal barrier in early diabetic 
retinopathy. Inr Ophtal 1990 ; 14 : 81-8 

20 Maridonneau I, Braquet P, Garay RP. Na and K transport dam- 
age induced by oxygen free radicals in human red cell mem- 
brane. J Biol Chem 1983 ; 258 : 3 107- 13 

21 Maridonneau-Parini I. Braquet P, Garay RP. Heterogeneous 
effects of flavonoids on K loss and lipid peroxydation induced 
by oxygen-free radicals in human red cells. Pharm Res Com- 
mun 1986 ; 18 : 61-72 

22 Marmo E. Calcium dobesilate in medical treatment : experimen- 
tal and clinical aspects. Eur Rev Med f h a m c o l  Sci 1987 ; 9 : 
1-60 

23 Metodiewa D. Kochman A, Karolczak S. Evidence for antiradi- 
cal and antioxidant properties of four biologically active N,N- 
diethylaminoethyl ethers of flavanone oximes : a comparison 
with natural polyphenolic flavonoid (rutin) action. Biochem Mol 
Biol Inr 1997 ; 41 : 1067-75 

24 Odetti PR. Borgoglio A, De Pascale A. Rolandi R. Adezati L. 
Prevention of diabetes-increased aging effect on rat collagen- 
linked fluorescence by aminoguanidine and rutin. Diaberes 

25 Piller N. Assessment of the anti-inflammatory action of calcium 

26 Pou S, Huang YI, Bhan A, Bhadti VS, Hosmane RS, Wu SY et 

23 : 118-26 

28-33 

1990 ; 39 : 7%-801 

dobesilate. Arzneim-ForscNDrug Res 1990 ; 40 : 698-700 

al. A fluorophore-containing nitroxide as a probe to detect 
superoxide and hydroxyl radical generated by stimulated neu- 
trophils. Anal Biochem 1993 ; 212 : 85-90 

27 Pou S. Bhan A. Bhadti VS. Wu SY, Hosmane RS, Rosen GM. 
The use of fluorophore-containing spin traps as potential probes 
to localize free radicals in cells with fluorescence imaging 
methods. FASEB J 1995 ; 9 : 1085-90 

28 Rehn D, Nocker W. Diebschlag W, Golden G. Time course of 
the anti-oedematous effect of different dose regimens of 0- 
(beta-hydroxyethyl) rutosides in healthy volunteers. Arzneimir- 
telforschung 1993 ; 43 : 335-8 

29 Renton S. Leon M, Belcaro G, Nicolaides AN. The effect 
of hydroxyethylrutosides on capillary filtration in moderate 
venous hypertension: a double blind study. Inf Angiol 1994 ; 

30 Repa I, Gamic I. Hollenberg N. Myocardial infarction treated 
with two lymphagogues, calcium dobesilate (CLS 2210) and 
hyaluronidase: a coded, placebocontrolled animal study. J Car- 

31 Saija A, Scalese M, Lama M, Marzullo D. Bonina F. Castelli F. 
Flavonoids as antioxidant agents : importance of their interac- 
tion with biomembranes. Free Rod Biol Med 1995 ; 19 : 481-6 

32 Schmitt A, Salvayre R, Delchambre J, Nbgre-Salvayre A. Pre- 
vention by alpha-tocopherol and rutin of glutathione and ATP- 
depletion induced by oxidized LDL in cultured endothelial 
cells. Br J Pharmacol1995 ; 1 16 : 1985-90 

33 Szlavy L, Repa I, Lengye I, Lamboy L. Effects of intravenous 
streptokinase and CLS 2210 (calcium dobesilate) on the bio- 
chemical markers of early acute myocardial infarction: a his- 
toric comparison with both studies. Angiology 1992 ; 43 : 741-7 

34 Vojnikovic B. Doxiurn@ (calcium dobesilate) reduces blood 
hyperviscosity and intra-ocular pressure in patients with dia- 
betic retinopathy and glaucoma. Ophral Rrs 1991 ; 23 : 12-20 

35 Widmer L, Biland L. Barras JP. Doxiurn@ 500 dans le traite- 
ment de I’insuffisance veineuse chronique : etude multiccntre 
en double aveugle contre placebo. Inr Angiol 1990 ; 9 : 105-10 

36 Yaqoob M, Rak A, McClelland P. Stevenson A. Mason H, 
White M, Bell G. Relationship between markers of endothelial 
dysfunction, oxidative injury and tubular damage in patients 
with insulin-dependent diabetes mellitus. Clin Sci 1993 ; 85 : 

13 : 259-62 

diovmc P h a m  1990 ; 16 : 286-91 

557-62 




