
ABSTRACT
Aim of the study: The objective of this study is to investigate the correlation between rosuvastatin and endothelin-1 on 
endothelium and their relation to oxidative stress in hyperlipidemic male rats.
Materials and methods: Thirty male wister rats are used in this research, their age about 1 month Thegrouping which are: group 
1/ rats receiving normal diet pellets, group 2/ Dyslipidemic rat of high-fat diet group 3/ hyperlipidemic rats with Rosuvastain 
dose (0.86 mg) Group 4/ hyperlipidemic rats with Rosuvastain dose (1.29 mg), group 5/ hyperlipidemic rats with Rosuvastain 
dose (1.72 mg). Experiment duration was 10 weeks from induction of dyslipidemia until the end of treatment. Endothelin-1 
levels were measured by ELISA technique.
Results: Rosuvastatin decreases the endothelin-1 level in all treated groups (G3,G4,G5) while increases the level of endothelin-1 
in control positive (dyslipidemia G2) so the results of endothelin levels are significant increases (p < 0.05) between control 
negative group 1 (63.08 ± 9.172) and control positive dyslipidemia group 2 (89.54 ± 39.652) and no significant differences 
between rosuvastatin groups (G3,G4,G5).
Conclusion: The rosuvatatin improved the endothelium of blood vessel and reduced the oxidative stress that generated due 
to the hyperlipidemia.
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INTRODUCTION
Dyslipidemia is heterogeneous group of disorders that are 
characterized by high lipid levels inside bloodstream. Also 
the term hyperlipidemia denoted to the high concentrations of 
lipids (triglycerides, cholesterol, or both) in the blood vessels. 
This disorder of lipoprotein metabolism, including lipoprotein 
overproduction or deficiency.1 Lipids like cholesterol, 
cholesterol esters, phospholipids, and triglycerides. also, the 
hyperlipidemia is described as pro inflammatory state in which 
increased oxidative stress and endothelial dysfunction is seen.2

The dysfunction of endothelial cells in the vasculature is 
profoundly implicated in the pathogenesis of cardiovascular 
disorders.3 Mounting evidence has shown that endothelial cell 
dysfunction is characterized by disrupted vascular tone and 
redox balance, and increased inflammatory reactions within the 
blood vessel wall.4 The Endothelin-1 (ET-1), the main member 
of the endothelin peptide family, is a 21-amino-acid peptide 
with a hydrophobic C terminus and 2 cysteine bridges at the N 
terminus. Endothelins also include ET-35 as well as vasoactive 
intestinal contractor (4) the murine analog of human ET-2.6  
The mature ET-1 peptide is synthesized by almost every 
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cell type, with high expression in vascular endothelial and 
smooth muscle cells, airway epithelial and smooth muscle 
cells, macrophages, fibroblasts, cardiac myocytes, mesangial 
cells, podocytes, and brain neurons.7,8 ETA receptors 
primarily promote vasoconstriction, inf lammation, and 
cell proliferation, the ETB receptor can be considered its 
endogenous, physiological antagonist because its activation by 
ET-3 inhibits the a for mentioned ET-1- mediated effects.7 ET-1 
and its receptors are widely expressed in tissue in macrophages, 
vascular smooth muscle cells, fibroblasts, and circulating white 
blood cells.9 Endothelial cell and vascular smooth muscle cell 
expression of ET-1 is increased in patients with ischemic heart 
disease.10,11 The aim of the current study is that to assess the 
effect of rosuvastatin in endothelial functions.

MATERIALS AND METHODS
Study Design
Thirty male wistar rats were used in this research, their 
age about 1 month the experimental model divided into  
5 groups depend on the differences of quality of diet contents 
and treatment doses: group 1/the rats receiving normal diet 
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pellets (normal diet contents- 50% (w/w) wheat, 42.15% (w/w) 
corn, 5%( w/w) soyabean, 2.5% (w/w) vegetable protein, 0.25% 
(w/w) antioxidants, and 0.1% (w/w) multivitamins) from week 
1-14. group 2/ the hyperlipidemic rats get high fat diet (pellet 
with sun flower oil & Cholesterol & stearic acid) and oral 
gavaging by sunflower oil daily. group 3/ the hyperlipidemic  
rats + Rosuvastain dose (0.86 mg), group 4/ the hyperlipidemic rats +  
Rosuvastain dose (1.29 mg), group 5/ the hyperlipidemic rats 
+ Rosuvastain dose (1.72 mg) (using oral gavage, 10–20 mg/kg  
bodyweight per day) during the same period.

Before starting the experiment, the rat located for 10 days 
under controlled room temperature 19–22 degree centigrade 
and light cycle of 12 hours light: 12 hours dark.

The blood sampling was done until the required range of 
cholesterol achieved above 50 mg/dL to get the induction step. 
Endothelin-1 was assessed using enzyme immunoassay kit, 
lipoproteins were analyzed in serum. Markers of oxidative 
stress,MDA,12 GSH,13 SOD14 were assessed calorimetrically. 

The abdominal aorta was dissected from animal rats and 
they were fixed in 10% neutral buffered formalin, processed by 
standard procedure of paraffin embedding, and serial sections 
were cut (5 μm). The sections were stained with hematoxylin 
and eosin dye and viewed under light microscope with 
magnification of 100× for histological changes.15

Statistical Analysis
The results are expressed as MEAN ± S.D. Differences between 
groups were assessed by ANOVA using the SPSS software 
package for Windows. Post hoc testing was performed for 
intergroup comparisons using the least significance difference 
test with Pb.05 considered as significant.

RESULTS
Endothelial Function Biomarkers
According to results of present study, that serum endothelin-1 
levels were significantly increased (p <  0.05) between of 
normal control group 1 (63.08 ± 9.172) and control positive 
of hyperlipidemia group 2 (89.54  ±  39.652) comparing to 
rosuvastatin treated groups (G3,G4,G5). No significant 
differences between rosuvastatin groups (G3,G4,G5).

Serum malondialdehyde (MDA) results of present study, 
revealed that the significant increased among 0 groups in 
dyslipideamia group 2 comparing to normal control group 1 
(p value < 0.05),the control positive group showed the highest 
mean (1.26 ± 0.238) nmol/mg) while the control negative 
group showed the lowest mean (0.71 ± 0.09 nmol/mg).  

Table 1: The mean ± SD of biochemical markers in the current study

Grouping Endothelin-1 MDA GSH SOD
(G1) control - 63.08 ± 9.172b 0.71 ± 0.096c 213.33 ± 35.387a 1.63 ± 0.175a
(G2) control + 89.54 ± 39.652a 1.26 ± 0.238a 178.66 ± 20.136b 1.78 ± 0.331a
(G3) Rosuvastatin 0.86 mg 78.14 ± 17.733ab 1.03 ± 0.114b 191.5 ± 22.394ab 1.83 ± 0.332a
(G4) Rosuvastatin 1.29 mg 73.19 ± 17.209ab 0.87 ± 0.129bc 187.1 ± 14.274ab 1.83 ± 0.150a
(G5) Rosuvastatin 1.27 mg 76.51 ± 12.509ab 0.81 ± 0.115c 194.8 ± 29.552ab 1.53 ± 0.216a
LSD 26.17 0.17 30.25 0.30

Figure 2: The mean of endothelin-1

Figure 3: The mean of MDA

Figure 4: The mean of GSH
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Figure 5: The mean of SOD

Figure 6: Section of cross section of aorta (Control group 1) shows: 
tunica intima (Black arrow), tunica media (Black asterisk),  

tunica adventitia (Red arrow) & perivascular brown adipose tissue  
 (Red asterisk) H&E stain.100x

Figure 7: Longitudinal section of aorta (control positive group 2) 
shows: luminal thrombus formation (Asterisk), degeneration of  

elastic lamella and muscle fibers (Black arrows) and mild periarteritis 
(Red arrow) H&E stain.100x. Figure 8: Longitudinal section of aorta (group 4- RSV treatment  

with 1.29 mg) show normal endothelial lining of tunica intima  
(Black arrow), mild degenerative changes of smooth muscle fibers 
(Yellow arrow) & normal adventia (Red arrow).H&E stain.100x.

Figure 9: Longitudinal section of aorta (Group 5- RSV treatment with 
1.72 mg) shows normal endothelial cell (Black arrow), normal smooth 
muscle fibers (yellow arrows), elastic lamella (Blue arrows) & adventia 

(Red arrow). H&E stain. 400x.

No significant differences between control negative group 1  
and RSV group5,there was significant decreases in MDA 
levels in RSV group G3,G4 comparing to dyslipidaemia  
group 2.

Serum glutathionethe (GSH) results revealed that the 
differences in glutathione levels among groups were significant 
decreased (p < 0.05) in dyslipidaemia group 2 comparing to 
normal control group 1.The control negative group showed 
the highest mean (213.33  ±  35.387 U/mL) while the control 
group positive showed the lowest mean (178.66 ± 20.136 U/mL).  
Slight significant increases of GSH levels in RSV groups (3,4,5) 
comparing to normal control group 1.

Regarding the SOD levels of present study, the results 
revealed that no significant differences in superoxide dismutase 
enzyme among groups

There will be slight significant increased in G2,G3,G4,G5 
comparing to normal control group 1.

Normal histological structure of (control negative group 1)  
the aorta has displayed in Figure 6.

DISCUSSION
In the current study, endothelin-1 levels increase in 
dyslipidemia group compare to group 1 since oxidative 
stress follow the event of hyperlipidemia which decreases 
the bioavailable nitric oxide and leads to potentiate ET-1 
signaling. This evidence suggests the link between ET-1 and 
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oxidative stress.16 This agreed with recent data which indicated 
that hypercholesterolaemia increases endothelin-1 levels and 
endothelin receptor activity.17 Black et al. suggested Oxidative 
stress could be associated with alterations in the ET-1 signaling 
pathways, and conversely, ET-1-induced vasoconstriction may 
be dependent on the production of superoxide anion.18 

Elevated level of malonedialdehyde was observed in all 
hyperlipidemia groups then it was decreased in rosuvastatin 
group (G3,G4,G5) and the lowest level notified in last group 
of rosuvastatin G5 compare to control negative group G1. This 
agreed with previous study that found a significant reduction of 
MDA concentrations in patients treated with statins both when 
considered as a single class and when categorized based on 
their physicochemical properties, that is, hydrophobic statins 
(simvastatin and atorvastatin) that might be dispersed at low 
concentrations throughout human tissues, and hydrophilic 
statins (pravastatin, rosuvastatin and fluvastatin) that primarily 
target the liver and are found in the circulation.19

The GSH levels elevated with different doses of rosuvastatin 
groups (G3,G4,G5) however it decreased in dyslipidaemia 
(group 2) so the rosuvastatin dose 1.27 mg was the best for 
improving the GSH levels.

Rahman, et.al 2006 suggest that glutathione (GSH ) was 
the most important non enzymatic antioxidant and can be 
used as an indicator of oxidative stress.20 This agreed with 
data’s that suggest the statins prevented GSH reduction or 
GSSG production So that rosuvastatin was the best drug for 
experimental model since it lessen both inflammation and 
oxidative stress parameters.

The Serum superoxide dismutase’s (SOD) level slightly 
elevated in dyslipidemia group 2 and all different doses of 
rosuvastatin groups (G3,4,5) compared to control negative 
group.

Rosuvastatin is able to restore the antioxidant defense by 
improving SOD1 expression thereby providing protection 
against oxidative stress, which is contributor to post ischemic 
injury in the heart.21 Rosuvastatin enhances the expression 
of glutathione synthase, glutathione peroxidase, glutathione 
reductase and glutamylcysteine synthetase, the rate limiting 
enzyme of glutathione synthesis.

In conclusion, the rosuvatatin was one of lipid lowering 
agents with anti-inflammatory and antioxidants properties 
that can improve the endothelium of blood vessel and reduced 
the oxidative stress that generated due to the hyperlipidemia.
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