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Abstract. Vascular smooth muscle cell (SMC) prolifera- 
tion is a key process in the pathogenesis of atherosclerosis. 
Numerous factors are involved in the regulation of SMC 
growth. Nitric oxide (NO) induces the inhibition of SMC 
proliferation whereas oxidized low-density lipoproteins 
(LDL) have a mitogenic effect. Calcium dobesilate (Dox- 
ium) is an angioprotective agent for treating vascular dis- 
eases. It has been shown to increase NO production and to 
have antioxidant properties but its mechanism of action is 
not yet fully understood. This study investigated the effect 
of calcium dobesilate on proliferation of rat aortic SMC in 
culture. Proliferation was evaluated by cell number and 
DNA synthesis. Orally administered calcium dobesilate (30, 
100, or 200 mg/kg/day for 7 days) induced a dose- 
dependent decrease of proliferation of SMC in primary cul- 
ture compared with controls. In vitro treatment with calcium 
dobesilate (0.05-5 rmM) inhibited both DNA synthesis and 
proliferation in a time- and concentration-dependent man- 
ner. In both ex vivo and in vitro models, the inhibition was 
reversible upon removal of the drug. Calcium dobesilate 
also stimulated NO production and NO synthase activity. 
tnhibitors of NO synthesis attenuated the inhibitory effect of 
calcium dobesilate (300 IxM) on DNA synthesis. In addi- 
tion, calcium dobesilate (2.5-40 p~M) induced a dose- 
dependent protection of cooper-induced LDL oxidation. 
These results showed that calcium dobesilate inhibits SMC 
proliferation, partly by a NO-dependent mechanism, and 
suggest that it could be effective in the treatment of patho- 
logical disorders associated with vascular SMC prolifera- 
tion. 

Introduction 
Abnormal vascular smooth muscle cell (SMC) proliferation 
in the mnica infima is an important component of arterial 
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disorders such as atherosclerosis, restenosis after angio- 
plasty, and in accelerated arteriopathy after cardiac trans- 
plantation [1]. Factors affecting SMC proliferation are be- 
lieved to be important in controlling the development of 
these arterial disorders. The proliferation is believed to re- 
sult partly from the increase of mitogens and partly from the 
decrease of inhibitory mediators. Nitric oxide (NO) is a 
multifuncfional factor that contributes to the control of vas- 
cular functions such as platelet adhesion, vascular reactiv- 
ity, and endothelial permeability [2]. NO also inhibits SMC 
growth in vitro and experimental neointimal hyperptasia in 
vivo, suggesting a role for NO as a regulator of SMC pro- 
liferation [3]. An inducible form of nitric oxide synthase 
(NOS) produces NO in vascular SMC. This enzyme is ex- 
pressed following arterial balloon injury or exposure to in- 
flammatory cytokines. The biological responses are likely 
to involve the activation of soluble guanylate cyclase and 
the production of cGMP in the target cells [2]. 

In restenosis, SMC proliferation is a prominent component 
of neointimal hyperplasia following balloon angioplasty. 
Thus, the ability of factors to directly inhibit SMC prolif- 
eration could be a mechanism to decrease this disease. In 
contrast, SMC proliferation is detected only at very low 
levels in primary human atherosclerotic plaques [1]. Among 
the multiple risk factors of atherosclerosis, low-density li- 
poproteins (LDL) levels are thought to play a primary ath- 
erogenic role after undergoing oxidative modifications [4]. 
It is well established that LDL promotes the growth of ar- 
terial SMC [5]. Furthermore, oxidized LDL appears to have 
a powerful mitogenic effect or to induce cell death by ap- 
optosis, depending on the degree of change by oxidation [6]. 
Thus, the supply of antioxidants appears to have an inhibi- 
tory effect on the development of atherosclerotic plaques. 

Calcium dobesilate (calcium dihydroxy-2,5 benzenesulfo- 
hate) is a vascular protective agent currently used for the 
treatment of diabetic retinopathy and chronic venous insuf- 
ficiency. The drug has been shown to inhibit platelet aggre- 
gation [7] and thrombus formation in the microcirculation 
[8]. However, its mechanism of action is poorly understood. 
Recent in vitro studies have shown that calcium dobesilate 
increases the constitutive NOS-activity in macro- and mi- 
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crovascular  endothel ia l  cells  [9] and enhances  endo the l ium-  
d e p e n d e n t  re laxa t ion  in rabbi t  i so la ted  aor ta  [10]. Fur-  

thermore ,  ca lc ium dobesi la te  has been  shown  to express  
ant ioxidant  proper t ies  in h u m a n  ery throcytes  and  po lymor -  
phonuc lea r  cells  [1 t ,12]  and to pro tec t  h u m a n  p o l y m o r p h o -  
nuclear  cells f rom apoptos is  [12]. 

~Ehe aim of  this s tudy was  to invest igate  the effect  o f  cal- 
c ium dobes i la te  on  rat  aortic S M C  prol i fera t ion in culture 
after in vivo oral adminis t ra t ion  and after  in vitro t reatment ,  

and to de te rmine  whe the r  the product ion  of  NO is invo lved  
in this response .  In addit ion,  we  evalua ted  the ant ioxidant  

e f fec t  o f  ca lc ium dobesi la te  on coppe r -med ia t ed  L D L  oxi-  
dation.  

10% trichloroacetic acid. Cells were digested with 0.3 mol/L NaOH and 
the radioactivity of the solution was measured in a liquid scintiI!ation 
counter. 
To determine the role of NO in the effect of calcium dobesilate on DNA 

synthesis, quiescent SMC were incubated with or without calcium dobe- 
silate (300 ~M) in the presence or absence of L-NMMA (3 raM) or ami- 
noguanidine (0.5 mM)--two inhibitors of NO synthesis---, indomethacin 
(1 Ixg/ml)--a cyclooxygenase inhibitor-or methylene blue (10 txM)--a 
soluble guanylate cyelase inhibitor. Methylene blue was added to the wetls 
4 hours before the end of the incubation perio& 

In some experiments, when cells reached confluence, the culture medium 
was replaced with serum-free medium containing 0.1% (wffvol) fatty acid- 
free bovine serum-free albumin, with or without calcium dobesitate. After 
24 hours, cells were prepared for citmlline assay. In other experiments, the 
culture medium was collected for nitrite assay 48 hours after the addition 
of calcium dobesilate. 

Materials and Methods 

Animals 

Adult male Wistar rats weighing 350-370 g, were used in all experiments. 
Laboratory chow and water were supplied ad libitum. Animals for ex vivo 
experiments were divided into four groups and treated with an oral admin- 
istration of 30, 100, or 200 mg/kg per day of calcium dobesilate or 0.9% 
NaC1, respectively, for l week. Twenty-four hours or 20 days later, the rats 
were killed by cervical dislocation and thoracic aortae were harvested for 
SMC preparation. 

Cell Culture 

Aortic SMC were isolated by enzymatic dissociation and cultured as de- 
scribed by Par4s-Herbut6 et al. [13]. Cells were seeded at a density of 2 x 
104/cm 2 and cultured in equal parts of minimum essential medium (MEM) 
containing Earle's salts and Ham's F-10 medium supplemented with 2 
mmol/L glutamine, 0.05 mmol/L vitamin C, 0.05 mmol/L L-proline, 100 
U/ml penicillin G, and 10% (vol/vol) fetal calf serum (FCS). The culture 
plates were incubated in a humidified incubator at 37°C in 5% CO 2 and 
95% room air. The cells were positively identified as smooth muscle by 
indirect immunofluorescent staining for a-actin, using a mouse monoclonal 
antibody to a-actin. Experiments were performed with cells in primary 
culture and in passage 2 seeded into either 4-well plates for the measure- 
ment of growth and nitrite production or in 75-cm 2 flask for the citrulline 
assay. 

Ex Vivo Experiments' 

Aortic SMC from calcium dobesilate-treated rats were cultured in medium 
supplemented with 10% FCS. Medium was changed every 48 hours. Cell 
proliferation was evaluated at the indicated times by cell counting after 
trypsinization using a Coulter counter. 

In Vitro Experiments 

Cells in the second passage were grown in 10% FCS medium. Twenty-four 
hours after plating, the medium was changed to one containing 10% FCS, 
with or without calcium dobesilate (50-400 fxg/ml = 120-960 p~M). After 
different time intervals, cells were trypsinized, resuspended, and counted. 

DNA synthesis was determined by measuring the incorporation of 
[3H]thymidine. Cells were grown in 10% FCS medium. Twenty-four hours 
later the medium was changed to one containing 0.5% FCS to stop cell 
growth, and cells were incubated for 72 hours; At this time the medium was 
replaced by 10% FCS in the presence or absence of known concentrations 
of calcium dobesilate (50-5000 p~M) and the incubation was continued for 
a further 24 hours. [3H]Thymidine (0.5 txCi/ml, 25 Ci/mmol) incorporation 
was measured during the last 4 hours of the incubation period. [3H]Thy- 
midine ineorpol~ation into newly synthesized DNA was stopped by removal 
of the labeled medium and precipitation of acid-insoluble material with 

Nitrite Determination 

The production of nitrite was determined by diazotization and absorbance 
reading at 540 nm. Aliquots of cell supernatant were mixed with an equal 
volume of Greiss reagent (1% sulfanilamide and 0.1% naphthylethylene- 
diamine-dihydrochloride in 5% phosphoric acid) and incubated at room 
temperature for 10 minutes. Concentrations were determined relative to a 
standard curve using sodium nitrite. The background nitrite values of each 
media were determined and subtracted from experimental values. 

CitruUine Assay 

Cytosolic NOS activity was estimated from the conversion of L@H]argi- 
nine to L-[aH]citrulline as described [I4]. Briefly , cytosolic preparations 
were made from 10,000 g supernatants of homogenates of SMC. The 
cytosols (30 Ixl) were incubated with L[3H]arginine (l IJoCi) and cofactors 
for 30 minutes at 37°C. To separate L-[3H]citrulline from L-[3H]arginirte, 
the reaction mixture was further incubated with AG 50W-X8 (Na + form, 
Bio-Rad S.A.) cation exchange resin and centrifuged at 10,000 g. L-[:~H]- 
citrulline in the supematant was quantified by liquid scintillation counting. 

Lipoproteins and LDL Oxidation 

LDL was isolated from EDTA-plasma of normolipemic patients by se- 
quential ultracentrifugation [15]. LDL oxidation was evaluated by follow- 
ing the formation of conjugated dienes after addition of copper according 
to Esterbauer et al. [16]. The susceptibility of LDL to in vitro oxidation was 
determined by the lag phase; k was defined as the intercept of the baseline 
and the slope of the absorbance curve in the propagation phase and was 
expressed in minutes. 

Data AnalTsis 

Data are expressed as mean _+ SEM. Differences between two means were 
determined using the Student's unpaired t test; p < 0.05 was considered 
statistically significant. 

Results 

Proliferation of Aortic SMC from Cab:into 
Dobesilate-treated Rats 

In vivo adminis t ra t ion  o f  oral ca lc ium dobes i la te  (30, 100, 
or 200 mg/kg/day)  i n d u c e d  a d o s e - d e p e n d e n t  decrease  o f  
g rowth  rate and cell dens i ty  at the qu iescen t  phase  of  aortic 
S M C  in p r imary  culture,  when  cultures were  p r e p a r e d  24 
hours  af ter  the last oral dose  of  drug (Fig. 1). Af te r  10 days  
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Fig. 1. Growth curves of cultured aortic SMC from rats orally treated with 
0, 30, 100, or 200 mg/kg/day of calcium dobesitate. Primary cultures were 
prepared 24 hours after the last oral dose. SMC were seeded into 4-well 
plates (4 x 104 cells/well) in medium containing 10% FCS. Each point 
represents mean -+ SEM of two separate experiments containing four rep- 
licates. 
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in culture, the number of SMC from animals treated with 
200 mg/kg/day of calcium dobesilate was decreased by 
49.0% (p < 0.01) when compared with the number of SMC 
from untreated control rats. When cultures were prepared 20 
days after the last oral dose, no significant difference in cell 
proliferation was observed between SMC from treated rats 
and those from control rats. After 12 days in cultt~e, the 
number of SMC from 0, 30, 100, and 200 mg/kg calcium 
dobesilate-treated rats was 13.6 _ 0.7 x 104, 13.9 -+ 0.4 x 
104, 14.6 +_ 0.4 x 104, and 14.3 +__ 0.9 x 104 cells/well, 
respectively (n = 8). 

Effect of Calcium Dobesilate on Aortic SMC Proliferation 

Calcium dobesilate (50-400 ~g/ml = 120-960 ~M) in- 
duced a time- and concentration-dependent inhibition of 
SMC proliferation in culture (Fig. 2a). The inhibitory effect 
(p < 0.01) was observed from 100 lxg/ml calcium dobesilate 
and after 3 days of culture. At 400 lxg/mt concentration, 
calcium dobesilate almost abolished cell growth (94%, p < 
0.01) completely. Calcium dobesilate at 50 txg/ml induced 
28% inhibition (p < 0.05) of SMC proliferation only on day 
3 of culture. 

Culture with 200 p~g/ml calcium dobesilate for 7 days in- 
hibited SMC proliferation by 53% (p < 0.01). Subsequent 
culture in drug-i~ee medium (Fig. 2b) resulted in an accel- 
erated growth rate approaching that of the untreated SMC. 
This result indicates that the antiproliferative effect of cal- 
cium dobesilate is reversible and is not due to a toxic effect. 

Calcium dobesilate (50-5000 IxM) also decreased [3H]thy- 
midine incorporation in a dose-dependent manner (Fig. 3), 
with an IC50 value of 400 p~M (169 ~g/ml). 

Effect of Calcium Dobesilate on NO Production by 
Aortic SMC 

The effect of calcium dobesilate on the activity of inducible 
NOS was studied by the nitrite formation and the generation 

of labeled L-citrulline from labeled L-arginine. Treatment 
of confluent cultures of SMC with calcium dobesilate (10- 
10,000 txM) for 48 hours (Fig. 4a) caused the dose- 
dependent accmnulation of nitrite into the incubation me- 
dium. Nitrite production was significantly increased after 
exposure to 100 IxM calcium dobesilate (p < 0.05). The 
cytosolic fractions from homogenates of SMC that had been 
treated with calcium dobesilate (1 rmM) for 24 hours stimu- 
lated the conversion of L-arginine to L-citrulline by 53% (p 
< 0.01), (Fig. 4b). 

Effect of NO Pathway Inhibitors on DNA Synthesis of 
Calcium Dobesilate-Treated SMC 

Incubation with 3 mM L-NMMA or 0.5 mM aminoguani- 
dine, two inhibitors of NO synthesis, significantly attenu- 
ated (p < 0.01) the inhibition of [3H]thymidine incorpora- 
tion induced by calcium dobesilate (300 t~M) (Table 1). The 
soluble guanylate cyclase inhibitor methylene blue (10 p~M) 
also attenuated (p < 0.01) the inhibited [3Hlthymidine in- 
corporation in calcium dobesilate-treated cells. In contrast, 
in the presence of indomethacin (1 txg/ml), a cyclooxygen- 
ase inhibitor, the inhibitory effect of calcium dobesilate re- 
mained (Table 1). 

Effect of Calcium Dobesilate on LDL Oxidation 

Calcium dobesilate (2.5-40 txM) induced a dose-dependent 
increase of the lag phase of copper-induced LDL oxidation. 
In the presence of 10 IxM calcium dobesilate, the lag phase 
was increased by 30 minutes (150 +_ 3.9 vs 120 _+ 19.8 
minutes, p < 0.05). The concentrations of calcium dobesit- 
ate required to increase the lag phase were lower than those 
needed with the vitamin E analogue trolox (data not shown). 

Discussion 

In this study we have shown that calcium dobesilate inhibits 
rat aortic SMC proliferation in culture. This inhibition is 
partially mediated by stimulating NOS activity and NO pro- 
duction. 

Aortic SMC isolated from atherosclerotic lesions or from 
diabetic rats retain an enhanced proliferative activity in pri- 
mary culture [13]. Thus, primary culture of aortic SMC is 
used as a model for testing drugs in vivo for possible anti- 
atherogenic activity. Orally administered calcium dobesilate 
decreased proliferation of aortic SMC from treated rats in 
primary culture compared with those from untreated ani- 
mals. Calcium dobesilate did not affect the viability of the 
aortic SMC and its effect was reversible, indicating that the 
inhibition of cell proliferation was not due to cell toxicity'. 
Significantly, this effect was observed at the dose of 30 
mg/kg/day. The clinical dose was assumed to be 500 mg x 
4/day (2 g/day; about 33 mg/kg/day) [17]. Therefore, the 
effective dose of calcium dobesilate in the rat to inhibit 
SMC proliferation in primary culture is similar to the clini- 
cal dose. 

Calcium dobesilate inhibited the proliferation of cultured 
rat aortic SMC. The inhibition was reversible and not ac- 
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Fig. 2. (A) Effect of calcium 
dobesilate (50-400 t.cg/ml) on the 
growth curve of rat aortic SMC in 
culture. The drug was added 24 
hours after,seeding. (B) 
Reversibility of the effect of 200 
~-~g/ml calcium dobesilate on SMC 
proliferation. Drug was added 24 
hours after seeding: After 8 days in 
culture, some treated cells were 
washed and maintained in the 
absence of calcium dobesilate. Each 
point represents mean ± SEM of 
two separate experiments containing 
four replicates. 
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Fig. 3. Effect of calcium dobesilate on [3H]thymidine incorporation into 
DNA of rat aortic SMC in culture. Twenty-four hours after seeding, the 
cells were arrested by 72 hours incubation in medium containing 0.5% 
FCS. SMC were then incubated with increasing concentrations of calcium 
dobesilate for an additional 24 hours and labeled during the last 4 hours of 
the incubation period. [3H]Thymidine incorporation was determined as 
described in Methods. Each point represents mean _+ SEM of two separate 
experiments containing four replicates. 

companied by a significant lactate dehydrogenase release 
(data not shown), indicating that the antiproliferative effect 
of calcium dobesilate was not due to a toxic effect. The 
inhibitory effect was observed at relatively high concentra- 
tions (0.1-1 mM). Similar calcium dobesilate concentra- 
tions were also required to increase the constitutive NOS 
activity in endothelial cells [9]. Clinical studies have shown 
that after a single dose of 500 mg of dobesilate, serum 
concentrations in man were in the range 25-137 IxM [t8]. 
However, the beneficial effects of dobesilate are apparent 
after a treatment for weeks, suggesting that accumulative 
doses are required for significant results. So, calcium dobe- 
silate effects were observed in a potential therapeutic dose 
range. The calcium dobesilate-induced inhibition of SMC 
proliferation was associated with increases in nitrite accu- 
mulation and L-citmlline formation. The effect of calcium 
dobesilate on DNA synthesis was partially inhibited with 
two NO synthesis inhibitors, L-NMMA and aminoguani- 
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Fig. 4. (A) Effect of calcium dobesilate (10-!0,000 ixM) on the release of 
nitrite. Nitrite concentration in the medium was determined after a 48-hour 
incubation. (B) Formation of L-citmtline from L-arginine by the cytosolic 
fractions from homogenates of untreated confluent SMC (control) and of 
confluent SMC exposed to calcium dobesilate (1 raM) for 24 hours. Values 
are mean _+ SEM of two separate experiments containing four replicates~ 
*Significant (p < 0.01) stimulatory effect of calcium dobesilate. 
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Table t. Effect of L-NMMA, an~inognanidine, methylene blue, or indomethacin on calcium dobesilate-induced inhibition of [3H]thym~dine incorporation 
of rat aortic SMC in culture 

Calcium dobesilate (300 IxM) 

L - N M M A  Aminoguanidine Methylene blue Indomethacin 
Control (3 mM) (0.5 mM) (10 IxM) (1 ~g/ml) 

[3H]Thymidine 
incorporation 54.1 +_ 1.89 39.9 _+ 1.67" 24.3 _+ 5.27* 36.4 _+ 1.1t* 49.4 + 1.33 
(% inhibition) 

L-NMMA, N°-monomethyl-L-arginine. Values means -+ SEM from two separate experiments contafifing three of four replicates in each experiment. 
*p < 0.01, significantly different from cells treated with calcium dobesilate alone. 

dine, and with the soluble guanylate cyclase inhibitor meth- 
ylene blue. These results suggested that NO and cGMP were 
partially implicated in the inhibition of  SMC proliferation 
by calcium dobesilate. Prostaglandins are also known to 
inhibit DNA synthesis in SMC [1]. Furthermore, NO is also 
suggested to mediate prostaglandin production in SMC 
El9]. However, indomethacin, a cyclooxygenase inhibitor, 
did not modify the calcium dobesilate effect. 

It has been shown that concentrations of  NO donors re- 
qufi'ed to inhibit DNA synthesis and proliferation of cul- 
tured SMC are in the range of 10-5-10 .3 M [20], which are 
2- to 3-fold higher than concentrations required for smooth 
muscle relaxation. Calcium dobesilate at 10 txM increases 
endothelium-dependent relaxation in rabbit isolated aorta 
[10], whereas its antiproliferative effect was observed at 
0.1-1 raM. Thus, NO production induced by calcium dobe- 
silate in isolated SMC is not sufficient to inhibit the prolif- 
eration induced by serum mitogenic factors. 

Calcium dobesilate provided a protective effect on cooper- 
induced LDL oxidation. This result is in agreement with 
recent data showing that calcium dobesilate protects human 
erythrocyte membranes and bovine aortic endothelial cells 
against the effects of  oxygen-reactive species [11] and hu- 
man peripheral blood mononuclear cells from oxidation and 
apoptosis [12]. Oxidized LDL possesses a number of  po- 
tentially atherogenic activities. On arterial SMC, lightly oxi- 
dized LDL has a rpdtogenic effect in atherogenesis, and 
strongly oxidized LDL has a cytotoxic effect which is likely 
to play a role in the atherosclerotic lesion evolution leading 
to the plaque rupture [6]. The supply of  antioxidants appears 
to have an inhibitory effect on the development of  experi- 
mental atherosclerosis [21] and partially protects cultured 
SMC against the toxicity of  oxidized LDL [22]. Thus, the 
antioxidant effect of  calcium dobesilate could be an addi- 
tional action on vascular complications. 

Our ex vivo and in vitro results indicate that calcium do- 
besilate interferes with the accelerated proliferation of  vas- 
cular SMC and with the oxidation of  LDL. The first process 
is a prominent component in restenosis after percutaneous 
transluminat angioplasty. Thus, the ability of  calcium do- 
besilate to inhibit SMC proliferation may be of  potential 
clinical importance for an antiproliferative therapy. Some 
overall clinical benefit in patients undergoing balloon an- 
gioplasty of  the coronary artery has been shown with NO 
donors. However, the benefit may be due to effects of  NO 
other than direct inhibition of  SMC proliferation [3]. In 
contrast, oxidative stress and the oxidation of  LDL are ma- 
jors mechanisms in the pathogenesis of  atherosclerosis 

rather than SMC proliferation. Antiatherogenic therapy uses 
cholesterol-lowering hydroxymethylglutaryl coenzyme A 
reductase inhibitors (vastatins) and antioxidants. However, 
vastatins (lovastatin, simvastatin, fluvastatin) also inhibit 
SMC growth in vitro [23]. The ability of  vastatins to inhibit 
SMC proliferation is directly related to their capacity to 
reduce cholesterol synthesis and it is observed at the re- 
ported clinical concentration (0.1 p,M). Calcium dobesilate 
has been shown to inhibit in vitro SMC proliferation at 
higher concentrations than vastatins but also higher concen- 
trations of  calcium dobesilate are required in clinical 
therapy. Furthermore, lovastatin might also act as an anti- 
oxidant both in vivo and in vitro by decreasing plasma lipid 
peroxides and the oxidizability of  LDL by leukocytes [21]. 
Thus, antiatherogenic effect of  these agents may be, at least 
in part, mediated through a common antioxidant pathway. 

In conclusion, our results demonstrated the antiprolifera- 
rive effect of calcium dobesilate, both ex vivo and in vitro, 
and its antioxidant effect on cooper-induced LDL oxidation. 
It appears that calcium dobesitate may effectively interfere 
with multiple components of  the atherosclerotic process. 
This, togehter with the observation that calcium dobesilate 
is not toxic, makes it a potentially useful compound for 
preventing vascular SMC proliferation. Since diseases as- 
sociated with SMC hyperplasia are multifactorial, one 
would expect that a combination of  several therapeutic mo- 
dalities would lead to an optimal result. Our studies indicate 
that calcium dobesilate alone or in combination with other 
antiatherogenic compounds should be a candidate for pre- 
vention of arterial restenosis and accelerated atherosclero- 
sis. 

Acknowledgment. This work was supported in part by a grant from OM 
PHARMA, MeyrirdGen6ve, Switzerland. 

References 

1. Ross R (1993) The pathogenesis of atherosclerosis: A perspective for 
the 1990s. Nature (Lond) 362:801-809. 

2. Moncada S, Higgs A (1993) The L-arginine-nitric oxide pathway. N 
Engl J Med 329:2002-2012. 

3. Sarkar R, Webb RC (1998) Does nitric oxide regulate smooth muscle 
cell proliferation? J Vasc Res 35:135-..142. 

4. Penn M, Chisolm G (1994) Oxidized lipoproteins, altered cell fnnction 
and atherosclerosis. Atherosclerosis 108:$21-$29. 

5. BjOrkemd S, Bj6rkerud B (1994) Lipoproteins are major and primary 
mitogens and growth promoters for human arterial smooth muscle 
cells and lung fibroblasts in vitro. Arterioscler Thromb 14:288-289. 

6. Bj6rkerud B, BjOrkernd S (1996) Contrary effects of lightly and 



S10 Par~s-Herbut6 et al.: Aortic Smooth Muscle Cell Proliferation and Dobesilate 

strongly oxidized LDL with potent promotion of growth versus apop- 
tosis on arterial smooth muscle cells, macrophages, and fibroblasts. 
Arterioscler Thromb Vasc Biol 16:416-424. 

7. Heidrich H, Gerke E, Nekarda H (1983) Inhibition of platelet aggre- 
gation under calcium dobesilate. Arzneimittelforsch/Dmg Res 33:580- 
582. 

8. Michal M, Giessinger N (1985) Effect of calcium dobesilate and its 
interaction with aspirin on thrombus formation in vivo. Thromb Res 
40:215-226. 

9. Suschek C, Kolb H, Kolb-Bachofen V (1997) Dobesilate enhances 
endothelial nitric oxide synthase activity in macro- and microvascular 
endothelial cells. Br J Pharmacol 122:1502--1508. 

10. Ruiz E, Lorente R, Tejerina T (1997) Effects of calcium dobesilate on 
the synthesis of endothelium-dependent retaxing factors in rabbit iso- 
lated aorta. Br J Pharmacol 121:711-716. 

11. Brunet J, Farine JC, Garay RP, Hannaert P (1998) In vitro antioxidant 
properties of calcium dobesilate. Fundam Clin Pharmacol 12:205-2i 2. 

12. Graher R, Farine J-C, Losa GA (1998) Calcium dobesilate protects 
human peripheral blood mononuclear cells from oxidation and apop- 
tosis. Apoptosis 3:41-49. 

13. Par6s-Herbut6 N, Hillaire-Buys D, Etienne P, Gross R, Loubati~res- 
Mariani M-M, Monnier L (1996) Adenosine inhibitory effect of en- 
hanced growtli of aortic smooth muscle cells from streptozotocine- 
induced diabetic rats. Br J Pharmacol 311:783-789. 

I4. Schini VB, Catovsky S, Schray-Utz B, Busse R, Vanhoutte PM (1994) 
Insulin-like growth factor I inhibits induction of nitric oxide synthase 
in vascular smooth muscle cells. Circ Res 74:24-32. 

15. Schumaker VN, Puppione DL (1986) Sequential flotation ultracentri- 
fugation. Methods Enzymol 128:155-170. 

16. Esterbauer H, Striegl G, Pnhl H, Rotheneder M (1989) Continuous 
monitoring of in vitro oxidation of human low density lipoprotein. 
Free Radic Res Comm 6:67--75. 

17. Sinzinger H, Rauscha R, Vinazzer H (i987) Platelet function and 
prostaglandins i n patients with peripheral vascular disease treated with 
calcium dobesilate, Prostaglandins Leukot Med 29: l-9. 

18. Benakis A, Glasson B, Bouvier CA, et al. (1974) M6tabolisme et 
pharmacocin8tique du dob~silate de calcium chez t'homme. Th6rapie 
29:211-219. 

19. Inoue T, Fukuo K. Mprimoto S. Koh E. Ogihara T (1993J Nitric oxide 
mediates interleukin-1-induced prostaglandin E 2 production by vascu- 
lar smooth muscle cells. Biochem Biophys Res Commun 194:420- 
424. 

20. Garg UC, Hassid A ~1989) Nitric oxide-generating vasodilators and 
8-bromo-cyclic guanosine monophosphate inhibit mitogenesis and 
proliferation of cultured rat vascular smooth muscle cells. J Clin Invest 
83:1774-1777. 

21. Chen L, Haught WH. Yang B. Saldeen TGP. Parathasarathy S. Mehta 
JL I1997) Preservation of endogenous antioxidant activity and inhibi- 
tion of lipid peroxidation as common mechanisms of anfiatheroscle- 
rotic effects of vitamin E, lovastatin and amlodipine: J Am Coll Car- 
diol 30:569-575. 

22. Guyton JR, Lenz ML. Mathews B, et at. (1995) Toxicity of oxidized 
low density lipoproteins for vascular smooth muscle cells and partial 
protection by antioxidants. Atherosclerosis 118:237-249. 

23. Corsini A. Mazzotti M. Raiteri M. et al. (1993) Relationship between 
mevalonate pathway and arterial myocyte proliferation: In vitro studies 
with inhibitors of HMG-CoA reductase. Atherosclerosis IG 1:117-125. 


