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Introduction 
Hypercholesterolemia is an established risk factor for 
atherosclerosis and cardiovascular disease.1 One of 
the critical early events in atherosclerosis is 
endothelial dysfunction,2 which is characterized by 
decreased synthesis and/or activity of endothelium-
derived Nitric Oxide (NO).3 A deficiency in NO 
bioavailability causes vasoconstriction, proliferation 
of smooth muscle cells, increased platelet activation 
and aggregation, and leukocyte adhesion.4-6 
Growth factors play an important role in the 
pathogenesis of cardiovascular disease and 
atherosclerosis.7 Vascular Endothelial Growth Factor 
(VEGF), a potent angiogenic growth factor, 
stimulates endothelial cell proliferation and migration, 

and angiogenesis.8;9. These actions of VEGF are 
thought to prevent the atherosclerosis processes.10,11.  
Non-steroidal anti-inflammatory drugs (NSAIDs), 
which block the enzyme cyclooxygenase, have been 
widely used for analgesic and anti-inflammatory 
purposes in cardiovascular disease. Clinical and 
experimental studies have reported that aspirin 
reduces cardiovascular death and slows the 
development of atherosclerotic lesions.12-15 Several 
mechanisms have been proposed for the anti-
atherosclerotic effects of aspirin.12,14 However, the 
exact mechanism is not clear. The aim of this study 
was to evaluate the effect of aspirin on serum VEGF 
and NO concentrations in experimentally induced 
atherosclerosis in rabbits. 
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Abstract  
INTRODUCTION: Hypercholesterolemia is one of the major risk factors for 

atherosclerosis which is characterized by endothelial dysfunction. This study was 
designed to investigate the effect of aspirin on serum vascular endothelial growth factor 
(VEGF) and nitric oxide (NO) concentrations in hypercholesterolemic animals. 

METHODS: Sixteen male rabbits were randomly divided into two groups, aspirin-
treated and control. Aspirin (10 mg/kg/day) was administered orally using feeding tube. 
All animals were fed with high-cholesterol diet (1%) during the experiment. After five 
weeks, blood pressure, serum lipid and lipoprotein profiles, serum VEGF and NO 
concentrations were measured. 

RESULTS: Aspirin did not change blood pressure. Aspirin significantly decreased serum 
LDL (1276±72.1 vs. 1505±68.03 mg/dl) and triglyceride (477.5±8.3 vs. 649.1±15.2 mg/dl) 
(P<0.05). High-cholesterol diet significantly decreased serum VEGF level in both groups 
(control: 24.59±0.42 vs. 38.09±2.49 pg/ml; aspirin: 24.72±0.84 vs. 42.29±2.03 pg/ml) 
(P<0.05) and aspirin did not change serum VEGF level in hypercholesterolemic animals 
(P>0.05). Serum NO concentration was also significantly decreased after five weeks of 
high-cholesterol diet (control: 5.87±0.33 vs. 8.67±0.68 μmol/lit; aspirin: 5.66±0.33 vs. 
8.58±0.60 μmol/lit) (P<0.05). Aspirin did not change serum NO level (P>0.05). 

CONCLUSIONS: We conclude that under the conditions of this study, aspirin cannot 
change serum VEGF and NO concentrations in high-cholesterol fed animals. 
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Materials and methods 
Sixteen male rabbits were purchased from the Pasteur 
Institute of Iran. The animals were housed two per 
cage in animal room at room temperature with 12h 
light/dark cycle. The Ethics Committee of Isfahan 
University of Medical Sciences approved all of the 
experimental procedures. 
All of the animals were fed with high-cholesterol diet 
(1%) during the experiment. Cholesterol-rich diet was 
prepared by adding 1 g cholesterol (Merck, Germany) 
in 4 ml olive oil to 0.1 kg of commercial rabbit chow. 
It has been demonstrated by previous studies that this 
diet induces atheromatous lesions in the arteries after 
4-6 weeks.16-18 
After one week of habituation in the laboratory, 
overnight fasting blood samples were taken to 
measure serum lipid and lipoprotein profiles 
(cholesterol: CHO, triglyceride: TG, high- density 
lipoprotein: HDL, and low-density lipoprotein: LDL), 
NO and VEGF concentrations. The blood samples 
were centrifuged and kept in separate Eppendorf 
tubes at -70 ˚C until analysis.  
The animals were randomly divided into two groups. 
All animals had free access to high-cholesterol diet 
and water ad libitum. Group 1 (n=8) received 10 
mg/kg/day of aspirin (Sigma) dissolved in carboxy 
methyl cellulose.19-21 Group 2 (n=8) received carboxy 
methyl cellulose as control. Aspirin was administered 
orally using feeding tube. After five weeks, the 
animals were anesthetized with an intraperitoneal 
injection of sodium pentobarbital (50 mg/kg) 
(Sigma). A polyethylene catheter was inserted into the 
right femoral artery and direct blood pressure was 
measured by physiograph (Bioscience, England). 
Then, blood samples were taken, centrifuged and kept 

in separate Eppendorf tubes at -70˚C for 
determination of serum NO and VEGF 
concentrations.  
Serum VEGF concentration was measured using 
enzyme-linked immunosorbent assay using available 
reagents and recombinant standards (R & D systems, 
USA). Briefly, 50 µl of standard or serum was added 
to the wells of microplate precoated with monoclonal 
antibody for VEGF and was incubated for 2 hours at 
room temperature. After any unbound substances had 
been washed away, an enzyme-linked polyclonal 
antibody against VEGF was added to the wells and 
incubated for 2 hours. After a wash, 100 µl substrate 
solution was added to the wells and incubated for 30 
minutes. 100 µl of stop solution was then added for 
color development. The optical density was 
determined at 450 nm using microplate reader. The 
VEGF assay has a minimum sensitivity of 3.0 pg/ml.  
Serum NO concentration was determined by Griess 
reagent method (Promega Corp, U.S.A, Cat#G2930) 
using available reagents.22 Briefly, serum samples were 
added to the wells (96-well enzymatic assay plate). 
Sulfanilamide solution was added to all experimental 
samples, and after incubation, N-1-
naphtylethylenediamine dihydrochloride solution was 
added. Absorbance was then measured by 
microreader at the wavelength of 520 nm. The NO 
concentration in samples was determined in 
comparison to nitrite standard reference curve. The 
limit detection was 2.5 μM nitrite. 
Data are reported as means ± SEM. T-test was used 
to compare data between the two groups. Paired t-test 
was used to compare data before and after the 
experiment. Statistical values of less than 0.05 were 
considered as significant. 

TABLE 1. Systolic, diastolic and mean arterial pressure (mmHg) and body weight (Kg) in two experimental groups
 

Body weight 
(after) 

Body weight 
(before) 

Mean arterial 
pressure 

Diastolic 
pressure 

Systolic 
pressure n Group 

1.94±0.39 1.68±0.35 77.6±7.8 69.3±7.3 94.3±9.4 8 1 (Aspirin) 
2.32±0.97 1.63±0.35 76.4±12.2 66.8±15.1 95.6±10.5 8 2 (Control) 

ns ns ns ns ns*  P (t-test) 
 

*ns: no significant difference 
Data are expressed as Mean ± SEM  

 

 

TABLE 2. Serum cholesterol (CHO), triglyceride (TG), HDL and LDL concentrations (mg/dl) before and after the 
experiment 

 

LDL HDL TG  CHO Group 

after before after before after before after before  
1276±72.198.9±3.1 143.2±9.8 28.5±2.4477.5±8.3 96.1±11.31552.8±81.1 146.7±4.8 1 (Aspirin) 
1505±68.396.1±2.5 144.1±15.3 28.9±2.3649.1±15.273.0±3.7 1745.4±77.8 140.5±2.7 2 (Control) 

P<0.05 ns ns ns P<0.05 ns P=0.09 ns* P (t-test) 
 

*ns: no significant difference 
Data are expressed as Mean ± SEM 
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FIGURE 1. Serum VEGF concentration (pg/ml) in two experimental groups. Aspirin could not change serum 
VEGF level in hypercholesterolemic animals (P>0.05). (HC: High- Cholesterol diet, ASA: Aspirin) 
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FIGURE 2. Serum NO concentration (μmol/lit) in two experimental groups. Aspirin could not change serum 
NO concentration (p>0.05). (HC: High-Cholesterol diet, ASA: Aspirin) 
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Results 
Table 1 shows mean body weight, systolic pressure, 
diastolic pressure, and mean arterial pressure. There 
was no significant difference in the weight of animals 
between aspirin-treated and control groups (P>0.05). 
Aspirin did not change systolic, diastolic and mean 
arterial pressure (P>0.05). 
There were no significant differences in the baseline 
values of serum CHO, HDL, LDL and TG. Aspirin 
significantly decreased serum LDL (1276±72.1 vs. 
1505±68.03 mg/dl) and TG (477.5±8.3 vs. 
649.1±15.2 mg/dl) levels (P<0.05).  
Figure 1 illustrates the serum VEGF concentration in 
aspirin-treated and control groups. At the end of the 
experiment, serum VEGF concentration was 
significantly lower than before the experiment 
(control: 24.59±0.42 vs. 38.09±2.49 pg/ml; aspirin: 
24.72±0.84 vs. 42.29±2.03 pg/ml) (P<0.05). Aspirin 
did not change serum VEGF level in 
hypercholesterolemic animals (24.72±0.84 vs. 
24.59±0.42 pg/ml) (P>0.05). 
Figure 2 shows serum NO concentration in two 
experimental groups. Results showed that serum NO 
concentration had significantly decreased after five 
weeks on high-cholesterol diet (control: 5.87±0.33 vs. 
8.67±0.68 μmol/lit; aspirin: 5.66±0.33 vs. 
8.58±0.60 μmol/lit) (P<0.05). Aspirin did not change 
serum NO level in hypercholesterolemic rabbits 
(5.66±0.33 vs. 5.87±0.33 μmol/lit) (P>0.05). 
 

Discussion 
The effect of aspirin on serum VEGF and NO 
concentrations in hypercholesterolemic rabbits was 
the objective of this study. We found that aspirin did 
not change serum NO and VEGF concentrations in 
high-cholesterol fed animals. Our results showed that 
aspirin did not change blood pressure.  
In a previous study, aspirin did not change blood 
pressure in hypertensive animals.23 Low-dose aspirin 
does not interfere with the blood pressure-lowering 
effect of antihypertensive drugs.24 It is suggested that 
the effect of aspirin on blood pressure may be related 
to dose and time of administration time.25 Under the 
conditions of this study, aspirin did alter the blood 
pressure. 
The administration of a high-cholesterol diet was 
accompanied by an increase in serum CHO, TG and 
LDL in all animals. The administration of aspirin was 
followed by a significant decrease in serum LDL and 
TG. Similar results have been previously reported26,27 
and can be explained by the direct antilipolytic effect  

 
of aspirin or its effect on insulin metabolism which 
results in a reduced rate of lipolysis and finally 
reduced serum LDL and TG.28,29  
Hypercholesterolemia is one of the major risk factors 
of atherosclerosis which is characterized by 
endothelial dysfunction.1 One of the most important 
endothelium-derived mediators is nitric oxide (NO), 
which is formed from L-arginine by the action of NO 
synthetase enzyme (NOS).6 NO has several 
antiatherogenic actions including inhibition of platelet 
aggregation, monocyte migration and lipid oxidation.4-

6 Although it has been suggested that endothelial 
NOS is a site of action for aspirin and protects 
endothelial cells via the NO/cGMP pathway,30 our 
results showed that serum NO level did not change 
after aspirin administration, which may be related to 
hypercholesterolemia.  
Hypercholesterolemia is characterized by impaired 
NO release.31 Elevated plasma level of asymmetric 
dimethylarginine (ADMA), an endogenous nitric 
oxide synthetase inhibitor, and oxidative stress reduce 
NO bioavailability in hypercholesterolemic 
conditions.31,32. 
Our results also showed that serum VEGF 
concentration decreased following a high-cholesterol 
diet and aspirin did not change serum VEGF 
concentration. The impairment of angiogenesis in 
hypercholesterolemic conditions has been previously 
reported.32,33 Hypercholesterolemia impairs 
angiogenesis by suppressing endothelial and tumoral 
bFGF and VEGF expression.34 Aspirin was found to 
decrease VEGF release and VEGF mRNA;35 this 
could be related to antiplatelet effect of aspirin which 
decreases VEGF production. VEGF, a potent 
angiogenic growth factor, stimulates endothelial cell 
proliferation and migration, and angiogenesis36,37 and 
may prevent the atherosclerosis processes.11,38  
In our study, we did not find any change in serum 
VEGF level after aspirin treatment. Apparently, at 
least this dose of aspirin (10 mg/kg/day) cannot 
change serum VEGF in high-cholesterol fed animals.  
The ineffectiveness of aspirin, particularly at low 
doses in the atherosclerosis process has been 
reported.39-41 Serum NO and VEGF concentration 
may change at other doses of aspirin. Antioxidative 
and antiplatelet actions of aspirin have been proposed 
as the mechanisms underlying the antiatherosclerotic 
effects of aspirin.42,43 Aspirin also reduces ICAM-1 
expression, VCAM-1 and E-selectin induction and 
subsequent monocyte adhesion.41,44 
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We conclude that under the conditions of this study, 
aspirin cannot change serum VEGF or NO 
concentrations in high-cholesterol fed animals. 
 

Acknowledgements 
The authors thank H. Sadeghi for skillful assistance. 
This study was supported by Isfahan University of 
Medical Sciences (Grant number 82021). 
 

References 
1. Cohen RA, Zitnay KM, Haudenschild CC, Cunningham 
LD. Loss of selective endothelial cell vasoactive functions 
caused by hypercholesterolemia in pig coronary arteries. 
Circ Res 1988; 63: 903-10.  
2. Harrison DG. Cellular and molecular mechanisms of 
endothelial cell dysfunction. J Clin Invest 1997; 100: 
2153-57.  
3. Moncada S, Higgs A. The L-arginine-nitric oxide 
pathway. N Engl J Med 1993; 329: 2002-12.  
4. Gewaltig MT, Kojda G. Vasoprotection by nitric oxide: 
mechanisms and therapeutic potential. Cardiovasc Res 
2002; 55: 250-60.  
5. Ignarro LJ, Cirino G, Casini A, Napoli C. Nitric oxide as 
a signaling molecule in the vascular system: an overview. 
J Cardiovasc Pharmacol 1999; 34: 879-86.  
6. Moncada S, Higgs A. The L-arginine-nitric oxide 
pathway. N. Engl. J. Med. 1993; 329: 2002-12.  
7. Battegay EJ. Angiogenesis: mechanistic insights, 
neovascular diseases, and therapeutic prospects. J Mol 
Med 1995; 73: 333-46.  
8. Ferrara N, Davis-Smyth T. The biology of vascular 
endothelial growth factor. Endocr Rev 1997; 18: 4-25.  
9. Neufeld G, Cohen T, Gengrinovitch S, Poltorak Z. 
Vascular endothelial growth factor (VEGF) and its 
receptors. FASEB J. 1999; 13: 9-22.  
10. Asahara T, Bauters C, Pastore C, Kearney M, Rossow 
S, Bunting S et al. Local delivery of vascular endothelial 
growth factor accelerates reendothelialization and 
attenuates intimal hyperplasia in balloon-injured rat 
carotid artery. Circulation 1995; 91: 2793-801.  
11. Van Belle E, Witzenbichler B, Chen D, Silver M, Chang 
L, Schwall R et al. Potentiated angiogenic effect of scatter 
factor/hepatocyte growth factor via induction of vascular 
endothelial growth factor: the case for paracrine 
amplification of angiogenesis. Circulation 1998; 97: 381-
90.  
12. Husain S, Andrews NP, Mulcahy D, Panza JA, 
Quyyumi AA. Aspirin improves endothelial dysfunction in 
atherosclerosis. Circulation 1998; 97: 716-20.  
13. Paul A, Calleja L, Camps J, Osada J, Vilella E, Ferre N 
et al. The continuous administration of aspirin attenuates 
atherosclerosis in apolipoprotein E-deficient mice. Life 
Sci 2000; 68: 457-65.  
14. Prasad K, Lee P. Suppression of oxidative stress as a 
mechanism of reduction of hypercholesterolemic 
atherosclerosis by aspirin. J. Cardiovasc. Pharmacol Ther 
2003; 8: 61-69.  
15. Tous M, Ferre N, Vilella E, Riu F, Camps J, Joven J. 
Aspirin attenuates the initiation but not the progression 
of atherosclerosis in apolipoprotein E-deficient mice fed a 

high-fat, high-cholesterol diet. Basic Clin. Pharmacol. 
Toxicol 2004; 95: 15-19.  
16. Singer AH, Tsao PS, Wang BY, Bloch DA, Cooke JP. 
Discordant effects of dietary L-arginine on vascular 
structure and reactivity in hypercholesterolemic rabbits. J 
Cardiovasc Pharmacol. 1995; 25: 710-16.  
17. Boger RH, Bode-Boger SM, Brandes RP, Phivthong-
ngam L, Bohme M, Nafe R et al. Dietary L-arginine 
reduces the progression of atherosclerosis in cholesterol-
fed rabbits: comparison with lovastatin. Circulation 1997; 
96: 1282-90.  
18. Boger RH, Tsikas D, Bode-Boger SM, Phivthong-ngam 
L, Schwedhelm E, Frolich JC. Hypercholesterolemia 
impairs basal nitric oxide synthase turnover rate: a study 
investigating the conversion of L-[guanidino-(15)N(2)]-
arginine to (15)N-labeled nitrate by gas chromatography--
mass spectrometry. Nitric Oxide 2004; 11: 1-8.  
19. De La CP, Guerrero A, Paniego J, Arranz I, Moreno A, 
Sanchez DLC. Effect of aspirin on prostanoids and nitric 
oxide production in streptozotocin-diabetic rats with 
ischemic retinopathy. Naunyn Schmiedebergs Arch 
Pharmacol 2002; 365: 96-101.  
20. Escribano M, Molero L, Lopez-Farre A, Abarrategui C, 
Carrasco C, Garcia-Mendez A et al. Aspirin inhibits 
endothelial nitric oxide synthase (eNOS) and Flk-1 
(vascular endothelial growth factor receptor-2) prior to 
rat colon tumour development. Clin Sci(Lond) 2004; 106: 
83-91.  
21. Hoefer IE, Grundmann S, Schirmer S, van Royen N, 
Meder B, Bode C et al. Aspirin, but not clopidogrel, 
reduces collateral conductance in a rabbit model of 
femoral artery occlusion. J Am Coll Cardiol 2005; 46: 
994-1001.  
22. Nematbakhsh M, Khazaei M. The effect of estrogen on 
serum nitric oxide concentrations in normotensive and 
DOCA Salt hypertensive ovariectomized rats. Clin Chim 
Acta 2004; 344: 53-57.  
23. Rahmani MA, David V, Huang M, DeGray G. Effect of 
aspirin on the contractility of aortic smooth muscle and 
the course of blood pressure development in male 
spontaneously hypertensive rats. Artery 1998; 23: 37-55.  
24. Zanchetti A, Hansson L, Leonetti G, Rahn KH, 
Ruilope L, Warnold I et al. Low-dose aspirin does not 
interfere with the blood pressure-lowering effects of 
antihypertensive therapy. J Hypertens 2002; 20: 1015-22.  
25. Hermida RC, Fernandez JR, Ayala DE, Mojon A, 
Iglesias M. Influence of aspirin usage on blood pressure: 
dose and administration-time dependencies. Chronobiol. 
Int 1997; 14: 619-37.  
26. Kouraklis G, Patapis P, Misiakos E, Glinavou A, Sioka 
C, Karayiannakos PE. Effects of acetylsalicylic acid on 
experimental atherogenesis induced in rabbits. Int Angiol 
2004; 23: 139-43.  
27. Manjula TS, Geetha A, Ramesh TG, Devi CS. Reversal 
of changes of myocardial lipids by chronic administration 
of aspirin in isoproterenol-induced myocardial damage in 
rats. Indian J Physiol Pharmacol 1992; 36: 47-50.  
28. Kim JK, Kim YJ, Fillmore JJ, Chen Y, Moore I, Lee J 
et al. Prevention of fat-induced insulin resistance by 
salicylate. J Clin Invest 2001; 108: 437-46.  
29. Yuan M, Konstantopoulos N, Lee J, Hansen L, Li ZW, 
Karin M et al. Reversal of obesity- and diet-induced

www.SID.ir



Arc
hi

ve
 o

f S
ID

EFFECT OF ASPIRIN ON SERUM VASCULAR ENDOTHELIAL GROWTH FACTOR IN HIGH-CHOLESTEROL FED RABBITS 
 

ARYA Atherosclerosis Journal 2007 (Winter); Volume 2, Issue 4 188 

insulin resistance with salicylates or targeted disruption 
of Ikkbeta. Science 2001; 293: 1673-77.  
30. Grosser N, Schroder H. Aspirin protects endothelial 
cells from oxidant damage via the nitric oxide-cGMP 
pathway. Arterioscler. ThrombVasc Bio 2003; 23: 1345-
51.  
31. Francois M, Kojda G. Effect of hypercholesterolemia 
and of oxidative stress on the nitric oxide-cGMP pathway. 
Neurochem. Int. 2004; 45: 955-61.  
32. Jang JJ, Ho HK, Kwan HH, Fajardo LF, Cooke JP. 
Angiogenesis is impaired by hypercholesterolemia: role of 
asymmetric dimethylarginine. Circulation 2000; 102: 
1414-19.  
33. Duan J, Murohara T, Ikeda H, Sasaki K, Shintani S, 
Akita T et al. Hyperhomocysteinemia impairs 
angiogenesis in response to hindlimb ischemia. 
Arterioscler. Thromb Vasc Biol 2000; 20: 2579-85.  
34. Ozdemir BH, Akcali Z, Haberal M. 
Hypercholesterolemia impairs angiogenesis in patients 
with breast carcinoma and, therefore, lowers the risk of 
metastases. Am J Clin Pathol 2004; 122: 696-703.  
35. Gerrah R, Fogel M, Gilon D. Aspirin decreases 
vascular endothelial growth factor release during 
myocardial ischemia. Int J Cardiol 2004; 94: 25-29.  
36. Ferrara N, Davis-Smyth T. The biology of vascular 
endothelial growth factor. Endocr Rev 1997; 18: 4-25.  
37. Neufeld G, Cohen T, Gengrinovitch S, Poltorak Z. 
Vascular endothelial growth factor (VEGF) and its 
receptors. FASEB J. 1999; 13: 9-22.  

38. Asahara T, Bauters C, Pastore C, Kearney M, Rossow 
S, Bunting S et al. Local delivery of vascular endothelial 
growth factor accelerates reendothelialization and 
attenuates intimal hyperplasia in balloon-injured rat 
carotid artery. Circulation 1995; 91: 2793-801.  
39. Sun YP, Zhu BQ, Sievers RE, Isenberg WM, Parmley 
WW. Aspirin inhibits platelet activity but does not 
attenuate experimental atherosclerosis. Am Heart J 1993; 
125: 79-86.  
40. Smith MJ, Allen KG, Norman JF, Harris MA, Miller 
CW. Low-dose aspirin does not attenuate platelet 
aggregation or atherosclerosis in miniature swine but 
decreases production of aortic wall prostacyclin. 
Prostaglandins Leukot. Essent Fatty Acids 1995; 53: 331-
40.  
41. Ranke C, Hecker H, Creutzig A, Alexander K. Dose-
dependent effect of aspirin on carotid atherosclerosis. 
Circulation 1993; 87: 1873-79.  
42. Steer KA, Wallace TM, Bolton CH, Hartog M. Aspirin 
protects low density lipoprotein from oxidative 
modification. Heart 1997; 77: 333-37.  
43. Fuster V, Dyken ML, Vokonas PS, Hennekens C. 
Aspirin as a therapeutic agent in cardiovascular disease. 
Special Writing Group. Circulation 1993; 87: 659-75.  
44. Weber C, Erl W, Pietsch A, Weber PC. Aspirin inhibits 
nuclear factor-kappa B mobilization and monocyte 
adhesion in stimulated human endothelial cells. 
Circulation 1995; 91: 1914-17.  
 
 

www.SID.ir


