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Atherosclerosis is a chronic degenerative and inflammatory disease affecting large and medium-
sized arteries. Pathologic processes involve vascular cells, immune system and several internal 
organs. Vascular endothelial cells, migrating leukocytes (mostly macrophages and T cells) and 
smooth muscle cells have been shown to play a pivotal role in atherosclerotic inflammation. 
However, recent evidence supports a direct influence of other pro-inflammatory factors including 
renin-angiotensin hormonal system. Angiotensin II was proved to promote atherogenesis. On the 
other hand, angiotensin-(1-7) acting on receptors different than those for angiotensin II, was 
reported to counterbalance the activity of the “classical” renin-angiotensin system. Therefore, 
angiotensin-(1-7) receptor agonists may ameliorate progression of atherosclerosis and they are 
potential candidates for its treatment.  

The aim of the present study was to show changes in the distribution of selected pro- and anti-
inflammatory elements in atherosclerotic plaques of apoE-knockout mice fed chow diet 
supplemented or not with AVE 0991 – angiotensin-(1-7) receptor agonist. We have combined 
synchrotron radiation micro-XRF with histological stainings to determine distribution and 
concentration of the elements in histologically defined areas of atherosclerotic lesions. 

Ten female apoE-KO mice were used for the study. Up to the age of 2 months the mice were fed a 
commercial, cholesterol-free pelleted diet and then they were randomly assigned to one of two 
groups fed for the following 4 months: i. chow diet (Ssniff, Soest, Germany; n=5; CTRL), ii. chow 
diet supplemented with AVE 0991 (Sanofi-Aventis, Frankfurt/Main, Germany) at a dose 0,58 µmol 
per kg of body weight per day (n=5; AVE). Six-month-old animals were sacrificed; hearts with 
ascending aorta were dissected out and snap-frozen. Serial 10-µm-thick crossections of the aortic 
root were cut on cryostat and mounted either on poly-L-lysine coated slides (histology) or on 3 µm-
thick Mylar foil (microprobe). Consecutive slides were stained with oil red O (ORO; red) for the 
demonstration of lipids and stained zymographically with fluorescein-gelatin to demonstrate non-
specific activity of metalloproteinases (green fluorescence, mostly MMP-2 and MMP-9). 

All micro-XRF measurements were carried out at beamline L of the storage ring DORIS III. The 
primary photon energy was set to 17.5 keV by a multilayer double monochromator. A polycapillary 
half-lens was used for beam focusing, hence the final beam size on the sample was approximately 
15 µm in diameter. Emitted elemental spectra were recorded with Vortex SDD detector. Two-
dimensional maps were acquired from lesional areas of the aortic root with surrounding cardiac 
muscle (resolution 15 µm, time of acquisition 5 s from each point). From morphologically defined 
areas, precise point spectra were recorded (resolution 15 um,  time of acquisition 300 s). The results 
were normalized to beam current, thickness of sample and time, then expressed in arbitrary units. 

Based on histological stainings, more advanced atherosclerosis expressed by total area occupied by 
lipids [1], higher enzymatic activity and larger area occupied by metalloproteinases was observed in 
animals with no AVE 0991 supplementation (CTRL). In animals treated with AVE 0991 (AVE), 



higher concentrations of  P, S, Ca, Cu, Zn, Se and lower concentrations of Cl, K, Fe in atheromas 
were seen but statistically significant results were obtained for P, Cl, K, Cu and Zn (p<0.05, U-test).  

 
Figure 1:  Relative concentrations of selected elements in atheromas of experimental (AVE) and control 
group (CTRL). Significance of p<0.05 indicated with asterisks. 

 
Figure 2:  Histological stainings (ORO; zymography) of consecutive sections of aortic roots of mice from 
groups AVE and CTRL. Distributions of P, S, Cl, Ca, Fe, Cu, Zn, Br in corresponding area (marked with 
square on ORO-stained panel) in atherosclerotic lesion of apoE-knockout mouse treated with AVE 0991. 
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