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Abstract. Calcium dobesilate was tested in rats with strep- 
tozotocin(STZ)-induced diabetes, for its angioprotective 
properties against the extravasation of plasma Evans blue 
towards the peritoneal cavity, induced in situ by the free 
radical generating agent phenazine methosulfate (PMS). tn 
diabetic rats pretreated with a single oral dose of  50 and 200 
rng/kg calcium dobesilate, PMS-induced Evans blue extrav- 
asation was respectively reduced by 60 and 100% with re- 
spect to values in vehicle-treated animals (p < 0.05 and p < 
0.01 respectively; in diabetic rats, PMS-induced Evans blue 
peritoneal extravasation was double as in control animals = 
0.0814 __. 0.019 vs. 0.0396 _+ 0.0083 h -1, p < 0.05). In 
diabetic rats pretreated with 50 and 100 mg/kg/day of cal- 
cium dobesilate for 7 days, PMS-induced Evans blue ex- 
travasation was respectively reduced by 56 and 80% with 
respect to values in vehicle-treated animals (p < 0.01 and p 
< 0.001 respectively). In conclusion, calcium dobesilate p.o. 
significantly and dose-dependently antagonized the increase 
in capillary permeabili ty induced by an oxidative stress in 
the peritoneal cavity of  diabetic rats. These results further 
suggest that the antioxidant properties of  calcium dobesilate 
can be involved, at least in part, in its angioprotective ac- 
tions in humans. 

Introduction 

Calcium dobesilate possesses angioprotective properties in 
chronic venous insufficiency and diabetic retinopathy [1-3]. 
This compound reduces capillary permeabili ty and fragility 
[4,5], but its mechanism of  action is poorly understood. On 
the other hand, reactive oxygen species seem to play a role 
in the capillary dysfunctions of  diabetic microangiopathy 
and other microvascular pathologies [for review see 6-8].  In 
this respect, we have recently shown that calcium dobesilate 
possesses antioxidant properties in vitro [9]. Moreover, cal- 
cium dobesilate was found to protect against the increased 
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capillary permeabili ty induced by reactive oxygen species 
(ROS) in the rat peritoneal cavi ty [I0]. 

Taken together, the above arguments encouraged us to 
investigate i f  calcium dobesilate can exert angioprotective 
actions in diabetic  rats via an ant ioxidant  mechanism. 
Therefore, calcium dobesilate was orally given to rats with 
streptozotocin(STZ)-induced diabetes (for increased vascu- 
lar leakage in STZ-induced rat diabetes see 11,12). Then, 
Evans blue was intravenously given and its peritoneal ex- 
travasation was equated to the peritoneal capillary perme- 
ability. Finally, an oxidative stress was provoked in the 
peritoneal cavity and the subsequent increase in Evans blue 
extravasation was considered as a marker  of capillary free 
radical toxicity" (for details see 10). 

Materials and Methods 

Animals 

Male Wistar rats, weighing 280-320 g were adapted in a humidity and 
temperature-controlled room for at least 5 days before starting the experi- 
mental protocol. The rats were fed a standard diet and tap water ad libitum. 
The investigations were performed according to the European Communi~ 
guidelines tor animal ethical care and the Guide for care and use of labo- 
ratory animals published by the US National Institute of Health (NIH 
publication N ° 85-23, revised 1985), 

Induction o f  diabetes 

Rats were given a single intraperitoneal dose of 50 mg/kg streptozo~ocin 
(STZ). Non-diabetic couu'ol rats received vehicle. Rats were weighed be- 
fore and after STZ treatment. STZ-treated rats were checked for appea- 
rance of glycosuria, and non-diabetic rats were discarded. Calcium dobe- 
silate or vehicle was given to diabetic rats, t 5 days after STZ treatment, At 
the end of the protocol, glycemia (enzymatically measured on plasma 
samples, Glucose-Trinder reagent, Sigrna) was 2.53 _+ 0.29 g/l in STZ 
treated rats versus 0.97 _+ 0.02 g/1 in control rats (p < ODD, 

Oral administration o f  compounds 

Calcium dobesilate was diluted in 1 ml of saline and orally given by gavage 
through esophageal cannulation. In a first series of experiments, rats (n = 
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6 rats per group) received a single oral dose of calcium dobesilate (50 and 
200 mg/kg) 6 hours before the experiment. In a second series, the animals 
(n = 6 rats per group) received calcium dobesilate 50 and 100 mg/kg 
once-a-day during 7 days. In each series, a group treated with vehicle was 
used as cor~trot. 

Measurement of peritoneal vascular permeability 

Rats were anesthetized with sodium pentobarbital (100 mg/kg i.p.) and 
maintained at an external temperature of 28-32°C. A polyethylene catheter 
was inserted in the right jugular vein. The experimental procedure was 
initiated after a 10 min stabilization period. 

Capillary permeability was determined according to a recently described 
method [10]. Briefly, 5 to 7 minutes before the start of the experiment, 
Evans blue was injected thxough the jugular catheter (0.5 txl/g weight of  a 
!0 mgtml of saline solution). Five minutes later, a venous blood sample 
was gently collected via the catheter, and microcentrifuged (12000 g, 30 
seconds) for the measurement of the initial plasma concentration of Evans 
blue. Then, 28 ml saline (NaCI 0.9%, containing 1 mM NADH, pre- 
equilibrated at 37°C), were injected in the peritoneal cavity, via a needle 
inserted through the right abdominal side (this needle remained in place 
throughout the whole experiment). 

Starting from zero time, peritoneal samples were collected every 5 min- 
utes (0.7 ml). At 16 rain, ROS generation was initiated by PMS injection 
into the peritoneal cavity (PMS = phenazine methosulfate, 10 IxM final; 
I ml injected volume). In addition, 0.5 ml blood samples were collected at 
the start, middle, and end of the experiment. Peritoneal and plasma samples 
were microcentrifuged (1 rain, 12.000 rpm) and supematants were saline- 
diluted 4-fold and 20-fold, respectively. Evans blue content was quan- 
titized by reading the optical density at 620 nm with a spectrophotometer. 

Extravasation rate constants were calculated as fbllows (h-~). For each 5 
min-tmie frame, the slope increase of peritoneal Evans blue was divided by 
the corresponding plasma level, derived by exponential interpolation be- 
tween blood samples.  PMS-dependent  extravasation rate constant, 
Ake(PMS), was calculated by subtracting baseline rate constant ke(b~> from 
rate the constant calculated in the presence of PMS (k~(pMS>) (for details see 
~0). 
At the end of the experiment, the macroscopic integrity of the abdominal 

cavity was visually checked by opening the abdomen. Rats were then 
sacrificed by cutting the diaphragma and the heart. 
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Fig. 1. Effect of a single oral dose of calcium dobesflate (CAD; 50 or 200 
mg/kg) on PMS-induced peritoneal Evans blue extravasation in rats with 
STZ-induced diabetes. Treated rats (n = 6 for each group) were compared 
to a control group of normal rats (n = 6) mad to a group of diabetic rats 
receiving vehicle (n = 6). * indicates p < 0.05 and ** indicates p < 0.01 
(non-paired Student's t-test). 

+ 16, 355 + 21 and 361 + 9 g for control, STZ, STZ + CaD 
50 mg/kg and STZ + CaD 200 mg/kg respectively). 

Figure 1 shows the increases in capillary permeability in- 
duced by PMS in the peritoneal cavity. It can be seen that: 
( i )  in STZ-treated rats, PMS-induced Evans blue peritoneal 
extravasation was double as in control animals (0.0814 +_ 
0.019 vs. 0.0396 _+ 0.0083 h -1, p < 0.05) and (ii) treatment 
with calcium dobesilate dose-dependently and significantly 
inhibited PMS-induced Evans blue extravasation (60 and 
100% for rats pretreated with 50 and 200 mg/kg of calcium 
dobesilate, p < 0.05 and p < 0.01, respectively). 

Compounds used in the study 

Calcium dobesilate was provided by OM Pharma (Meyrin/Geneva, Swit- 
zerland). All other chemicals were from Merck or Sigma (distributed 
through Coger, Paris, France). All solutions were freshly prepared each 
day, prior to their use. 

Statistical analysis 

Results are expressed as mean -+ SEM (n indicates the number of experi- 
ments). Statistical differences between mean values were determined by 
using non-paired Student's t-tests. Statistical significance was accepted for 
p < 0.05. 

R e s u l t s  

Single-dose protocol 

Rats with STZ-induced diabetes were given a single oral 
dose of 50 or 200 mg/kg calcium dobesilate (CAD). Six 
hours later, Evans blue extravasation towards the peritoneal 
cavity was assessed before and after an oxidative stress. A 
group of STZ-treated rats receiving vehicle and a group of 
non-diabetic rats were used as controls. Rats of all four 
experimental groups had comparable weights (357 +_ 8, 357 

Repeated-dose protocol 

Rats with STZ-induced diabetes were given 50 or I00 rag/ 
kg of calcium dobesilate p.o. once-a-day during 7 days. 
Evans blue extravasation towards the peritoneal cavity was 
assessed on the eighth day, 2 hours after the final oral dose. 
Rats in all four experimental groups had comparable 
weights before and after dobesilate o1" vehicle treatments 
(372 + 8, 360 +- 13, 350 + 14 and 366 _+ 16 g for control, 
STZ, STZ + CaD 50 mg/kg and STZ + CaD 200 mg/kg 
respectively). 

Figure 2 shows the increases in peritoneal capillary per- 
meability induced by PMS in the peritoneal cavity. It can be 
seen that: (i) in diabetic rats, PMS-induced Evans blue ex- 
travasation was about 75% higher as in control animals 
(0.0464 +_ 0.0066, n = 6, versus 0.0266 _+ 0.0043 h -1, n = 
6, p < 0.05) and (ii) oral treatment with calcium dobesilate, 
dose-dependently and significantly inhibited PMS-induced 
Evans blue extravasation (56 and 80% for rats pretreated 
with 50 and 100 mg/kg/day of calcium dobesilate, p < 0.01 
and p < 0.00t, respectively). 

D i s c u s s i o n  

Diabetic states are associated with functional and structural 
microvascular alterations [13-18]. Generally speaking, dia- 
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Fig, 2. Effect of 7 days treatment with calcium dobesilate (CAD; 50 or t00 
mg/kg orally given once-a-day) on PMS-induced peritoneal Evans blue 
extravasation in rats with STZ-induced diabetes, Treated rats (n = 6 for 
each group) were compared to a control group of normal rats (n = 6) and 
to a group of diabetic rats receiving vehicle (n = 6). * indicates p < 0.05, 
• * indicates p < 0.01 and *** indicates p < 0,001 (non-paired Student's 
t-test), 

betic microangiopathy is believed to be due to metabolic 
factors inducing basement membrane thickening and in- 
creased capillary permeability [19]. Such increased capil- 
lary permeability is widespread in diabetes, affecting the 
microvasculature of the kidney, eye, brain, skin, muscles, 
and many other peripheral tissues. 

Capillary permeability is quantified by measuring either 
the disappearance from the plasma compartment, or the ap- 
pearance in a non-vascular compartment, of a traceable 
macromolecule, such as labelled albumin [14], fluorescein 
[20], or Evans blue [18,21]. As far as Evans blue is con- 
cerned, this molecule is considered as a marker of capillary 
permeability and plasma albumin leakage [18]. 

Recently, we have proposed a new method for measuring 
vascular permeability in rats, i.e. by monitoring Evans blue 
extravasation into the peritoneal cavity and its increase by 
the free radical generating system PMS/NADH [10]. By 
using this method in diabetic rats, peritoneal capillary per- 
meability showed an increased responsiveness toward reac- 
tive oxygen species, i.e. PMS-dependent capillary perme- 
ability was markedly increased in STZ-treated rats as com- 
pared to controls. This observation agrees with previous 
studies showing increased microvessel fragility in STZ- 
diabetic rats [11]. 

In diabetic rats, calcium dobesilate p.o. was able to block 
the increase in capillary permeability induced by reactive 
oxygen species in the peritoneal cavity. This beneficial ac- 
tion of calcium dobesilate was observed after both acute and 
chronic administration. Moreover, calcium dobesitate acted 
at similar doses as in normal animals (=50% inhibition at 50 
mg/kg, see 10). 

In conclusion, calcium dobesilate p.o. significantly and 
dose-dependently antagonized the increase in peritoneal 

capillary permeability induced by reactive oxygen species 
in diabetic rats. These results further suggest that the anti- 
oxidant properties of calcium dobesilate should be involved, 
at least in part, in its angioprotective actions in humans. 
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