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Abstract 

Dipyridamole is an antithrombotic agent that is widely used in the treatment of many vascu-
lar disorders. Also, the prostacyclin analogue iloprost has been utilized to salvage limbs in 
patients with severe limb ischemia. In this study we investigated whether dipyridamole and 
iloprost have anti-angiogenic properties and their anti-angiogenic properties were compared 
to bevacizumab, a known inhibitor of angiogenesis, using the in vivo chick chorioallantoic 
membrane animal model. Agar pellets were prepared with three different drug concentra-
tions at 10-6 M, 10-5 M, and 10-4 M. For each drug concentration twenty fertilized eggs were 
used. The entire experiment was performed in duplicate. Blood vessel density and loss were 
examined and scored under a stereoscopic microscope. For the 10-4 M, 10-5 M and 10-6 M 
concentrations, the anti-angiogenic scores of iloprost were 0.2, 0.1 and 0.05, respectively. In 
the same order, the anti-angiogenic scores for dipyridamole were 0.2, 0.3 and 0.8. The anti-
angiogenic scores for bevacizumab were significantly higher than dipyridamole and iloprost 
over all concentrations (p<0.05). There were no significant differences found between the 
anti-angiogenic scores for iloprost and dipyridamole for all concentrations (p>0.05). Iloprost 
demonstrated no anti-angiogenic properties in the chorioallantoic membrane animal model, 
while dipyridamole did exhibit very weak anti-angiogenic activity only at very high doses of 
10-4 M. These results reveal that both agents can be prescribed safely for the treatment of 
medical conditions that require angiogenesis to facilitate healing.  
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Introduction 

Neo-angiogenesis is one of the body’s natural responses 
to counteract tissue ischemia in order to sustain cellular 
metabolism [1]. Research is actively being performed to 
determine how to promote neo-angiogenesis in medical 
illnesses that are characterized by low-perfusion states, 
and advances in therapeutic angiogenesis are progressing 
rapidly [1, 2]. Iloprost is a prostacyclin (Prostaglandin I2; 
PGI2) analogue that has become routinely utilized in 
treating occlusive vascular diseases. Besides iloprost, 
dipyridamole is also used to treat vascular diseases as it 
inhibits phosphodiesterase and increases intracellular 
levels of cyclic adenosine monophosphate and cyclic 
guanosine monophosphate as well as extracellular con-
centrations of adenosine [3]. Furthermore, both of these 
agents promote the inhibition of platelet aggregation and 
vasodilatation [4].  

Iloprost is administered to treat various vascular diseases 
including intermittent claudication, ischemic leg ulcers, 

pulmonary hypertension, and peripheral vascular disor-
ders [4, 5]. Dipyridamole is traditionally prescribed as an 
anti-platelet agent and is used for the treatment of many 
cardiovascular diseases such as ischemic cardiomyopathy, 
pulmonary hypertension, and stroke [6]. Iloprost and 
dipyridamole may also be used in the treatment of in-
flammatory disorders as both inhibit inflammation by 
antagonizing pro-inflammatory cytokines [7]. Several 
studies have suggested that these drugs might play a role 
in modulating cytokines that promote angiogenesis, but 
the effects of these drugs on angiogenesis still remains 
unclear [2].  

Chick embryo chorioallantoic membrane (CAM), rabbit 
cornea, and rodent mesenteric animal models are the most 
commonly used in vivo models of angiogenesis. The 
CAM model is often used, as it is a low-cost and overall 
simpler model to work with, which facilitates experiment 
reproducibility [8]. Bevacizumab antagonizes angiogene-
sis and is a known inhibitor of vascular endothelial 
growth factor (VEGF) [9]. In this study, we aimed to 
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determine whether iloprost and dipyridamole inhibits 
angiogenesis in comparison to bevacizumab in the CAM 
animal model. 

Materials and Methods 

Fertile hen eggs were obtained locally and were incubat-
ed at 37.5 °C in 80% relative humidity. The eggs were 
rotated twice daily and on Day 5 of incubation the egg 
surface and all instruments used to handle the eggs were 
disinfected with 70% isopropyl alcohol. Then 5 ml of 
albumin was injected through the eggshell (Figure 1A) 
and a 1 cm by 1.5 cm window was carved (Figure 1B) 
on the opposite face of the eggshell so as to view the 
CAM. Normal CAM development was determined for 
each egg (Figure 1C) and malformed or dead embryos 
were excluded from the study. The carved eggshell win-
dows were closed with a sterile drape and incubation 
continued without rotation until Day 8 when the CAM 
was expected to reach 2 cm in diameter. On Day 8 the 
sterile drape was removed and agar pellets impregnated 
with either iloprost, dipyridamole, or bevacizumab were 
placed on the CAM of each egg (Figure 1C). The drapes 
were replaced and the eggs were allowed to incubate for 
24 hours. The level of angiogenesis around the pellet 
was determined after the incubation period. Twenty eggs 
were used for each drug tested, and pellets containing 
only agar comprised the negative control group. Degen-
erated eggs were changed with healthy ones. This exper-
iment was performed in duplicate. Pellets that caused an 
inflammatory response resulting in embryo toxicity were 
excluded from the study. The study protocol was re-
viewed and approved by the Dicle University Animal 
Ethics Committee. 

Pellet Preparation  
Iloprost (Iloprost®, Schering AG, Berlin, Germany) was 
commercially available in a soluble infusion and dipyr-
idamole (Persantin®, Boehringer Ingelheim, Berkshire, 
England) was packaged in a 10 mg/2 mL ampule. 

Agarose (Merck, Darmstadt, Germany) was added to 
distilled water to make a 2.5% weight of agarose to the 
total volume of solution mixture. This solution was then 
sterilized in the autoclave at 121°C under one atmos-
phere of pressure and then cooled in a sterile container 
to 37 °C. After cooling the drug was added into the mix-
ture. Three different drug concentrations were prepared 
for each condition at 10-6, 10-5, and 10-4 M. Exactly 1 
mL of combined agar and drug solution was prepared 
such that the solution was initially concentrated at 10 IU 
and then diluted to 1 IU/10 μl by serial dilutions with 
agarose solution. Almost eighty pellets were created for 
each drug concentration. Then a 10 μl drop of the agar-
drug solution at the desired concentration was pipetted 
into previously sterilized cylindrical stainless steel rods 
of 5 mm diameter to form circular pellets. The pellets 
were allowed to further solidify at room temperature 
under sterile conditions. 

Angiogenesis Scorin 
The extent of angiogenesis antagonism observed in the 
CAM in response to the drug-impregnated pellet was 
scored according to a method that was previously de-
scribed using a stereoscopic microscope [10, 11, 12]. The 
scoring system specifically accounts for changes in capil-
lary density around the pellet so to evaluate the degree of 
inhibition that an agent has on angiogenesis (Figure 2A). 
Specifically, a score of 0 indicated an absence of any 
verifiable anti-angiogenic effect and so was comparable 
to the capillary distribution of a normal embryo. A score 
0.5 represented a very weak anti-angiogenic response and 
was characterized as having a reduced capillary density 
over an area equal to the pellet diameter with no capil-
lary-free areas. A score of 1 represented a moderate effect 
as evidenced by a small capillary-free area or an area of 
significantly decreased capillary density less than twice 
the pellet size (Figure 2B). A score of 2 was given if a 
strong anti-angiogenic response was observed with a 
capillary-free area around the pellet that was equal to or 
greater than double the size of the pellet. The equation 
used for the determination of the average score is below: 

 
eggsofnumberTotal

ofscoreawithEggsofscoreawithEggs
scoreAverage

1)1(2)2( 


According to this scoring system, a score of 0.5 specifi-
cally translated to no anti-angiogenic effect, whereas a 
score of 1 and above indicated some degree of antago-
nism of angiogenesis. 

Statistical Analysis 
Angiogenesis inhibition scores were compared with the 
Kruskal-Wallis ANOVA test and the Mann-Whitney   
U-test. A p-value less than 0.05 was considered statisti-
cally significant. 

Results 

Drug-free pellets containing a 10 µl volume of agarose 
solution were used as negative controls and did not induce 
any significant anti-angiogenic effect as their average 
anti-angiogenic score was 0.2. Pellets impregnated with 
bevacizumab were used as positive controls and on aver-
age had an anti-angiogenic score of 0.95 at the 10-6 M 
concentration. The anti-angiogenic properties of each 
drug was evaluated separately and then compared. 
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Figure 1. A: Removal of albumin from the egg, B: Opening a window on the eggshell, 
C:Normal development of chick embryo 

Figure 2. A. Pellet placement on chick embryo (showed with   ) . 
B. Score 1 anti-angiogenic effect of drug pellet on chick embryo (showed with ) . 

Figure 3 contains the anti-angiogenic scores obtained for 
iloprost, dipyridamole and bevacizumab. At 10-4 M, 10-5 
M and 10-6 M concentrations, the mean anti-angiogenic 
scores of iloprost were 0.2, 0.1 and 0.05, respectively. In 
the same order, the average anti-angiogenic scores ob-
served for dipyridamole were 0.8, 0.3 and 0.2. The anti-
angiogenic scores for bevacizumab were significantly 
higher than those observed for iloprost and dipyridamole 
over all concentrations (p<0.05). The anti-angiogenic 

score of dipyridamole was higher than iloprost in all con-
centrations. Only dipyridamole showed marked anti-
angiogenic tendency compared to iloprost at 10-4 M con-
centration (p=0,048). Although there was an uptrend in 
anti-angiogenic effect at increasing concentrations of each 
drug, no significant differences were found between the 
anti-angiogenic scores of iloprost and dipyridamole at 
each concentrations (p>0.05), except at the highest con-
centration of dipyridamole (10-4 M vs 10-6 M – p=0,041).  
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Figure 3. The distribution of antiangiogenic scores for each concentration of iloprost and dipyridamole  
a: Bevacuzimab vs 10-4 M;  
b: 10-4 M vs 10-5 M; c: 10-5 M vs 10-6 M  
c: 10-4 M vs 10-6 M   

Discussion 

Angiogenesis is a normal physiologic response that is 
triggered when tissues are exposed to stressful conditions 
such as injury or ischemia [13]. Current studies have 
focused on how endothelial progenitors contribute to 
vessel growth in adults as well as during the embryo stage 
of life. Also, the endothelial progenitors are similar in the 
fully developed heart [14]. When the major source of 
arterial blood becomes occluded, tissue ischemia ensues 
and vessel collateralization occurs during angiogenesis as 
a result of the initial hypoxic insult. Significant blood 
pressure differences develop between well-perfused and 
non-perfused tissues. In the setting of hypoxia, monocyte 
activity increases and vascular smooth muscle cells pro-
liferate and migrate due to increased local growth factor 
and proteinase release [15, 16]. Several factors increase in 
hypoxic states including hypoxia inducible factors (HIF), 
cytokines, placental growth factor (PIGF), fibroblast 
growth factor (FGF), platelet-derived growth factor 
(PDGF), and VEGF, which all promote angiogenesis and 
vessel collateralization [17]. 

Recent advances revealed the importance of therapeutic 
angiogenesis for promoting the development of vessel 
collateralization in ischemic tissue via growth factor 

regulation. Several therapeutic angiogenesis trials have 
promising results in promoting angiogenesis in the set-
ting of ischemic heart diseases, but definitive findings 
have yet to be revealed [18, 19]. Iloprost has been pre-
scribed to treat patients with symptomatic ischemic vas-
cular diseases in which angiogenesis is important for 
improving clinical outcomes. It is understood that Ilo-
prost facilitates long-term vasodilatation and inhibition 
of platelet aggregation [20]. Iloprost also has other ef-
fects such as inhibiting leukocyte activation and adhe-
sion, reducing endothelial permeability, and inhibiting 
TNF-α as well as vasospasms induced by leukotrienes 
and “Endothelium-derived Constricting Factor” [21-24]. 
Another therapeutic effect of iloprost is its antagonism 
of cytokine-induced inflammation in certain disorders of 
inflammation [7]. TNF-α has pro-angiogenic effects at 
low doses, while higher doses and longer exposure peri-
ods to TNF-α actually inhibit factors that prevent angio-
genesis [25]. Also, increased vascular permeability is 
essential for angiogenesis, and pro-angiogenic cytokines 
induce the expression of angiogenic factors under hy-
poxic conditions [2, 26, 27]. Vasodilatation facilitates 
angiogenesis as it enhances perfusion in ischemic tis-
sues. Unfortunately, the complex and thus far occult 
interactions between iloprost and its effects on angio-
genesis have yet to be fully understood. 
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Dipyridamole is an antithrombotic agent that is principal-
ly utilized for the secondary prevention of thrombotic 
vascular disease, and it also delays peripheral arterial 
disease progression [6]. Although dipyridamole is consid-
ered to be an anti-anginal agent, it has also been utilized 
in maintaining coronary artery graft patency and valve 
replacement surgery for blood clotting prevention; how-
ever, there is no current evidence that supports the routine 
use of dipyridamole for these indications [28]. Few re-
ports assert that dipyridamole may improve coronary 
artery collateralization during ischemic insults, but anoth-
er report suggested that there is an absence of vascular 
proliferation in the CAM animal model under the influ-
ence dipyridamole [29, 30]. As such, the benefits of di-
pyridamole as a therapeutic agent in modulating angio-
genesis remain largely unknown.  

We studied the anti-angiogenic potential of iloprost and 
dipyridamole in the CAM animal model. Iloprost demon-
strated no anti-angiogenic effect at 10-4 M, 10-5 M and 10-

6 M concentrations. However, dipyridamole exhibited 
weak anti-angiogenic properties at the 10-4 M concentra-
tion, but no anti-angiogenic effects were observed at 10-5 
M and 10-6 M concentrations.  

Conclusion 

The optimal therapeutic agent is one that provides ade-
quate vascular vasodilatation without inhibiting angio-
genesis in cardiovascular medicine. Our findings suggest 
that in the CAM chick model, both iloprost and dipyr-
idamole demonstrated no significant anti-angiogenic 
properties, even though dipyridamole exhibited very weak 
anti-angiogenic effects. As such, these data support that 
these agents can be safely utilized to treat vascular diseas-
es that cause tissue ischemia. We recommend that studies 
be performed in the future to further explore whether 
iloprost and dipyridamole have pro-angiogenic effects.  
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