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Abstract 
     Hypertension is one of the most common  cardiovascular disease ; it is now widely 
accepted as a chronic inflammatory process. Low-grade inflammation, enhanced 
oxidant stress and lipid peroxidation play important roles in hypertension. Olmesartan 
exert a potent anti inflammatory activity by inhibition of inflammatory cytokines also it 
have anti oxidant effects.. 
The objective of present study was to assess the effect of olmesartan on hypertension 
via interfering with inflammatory and oxidative pathways 
Twenty Four  white laboratory female Wistar rats were assigned to three groups (Eight 
rats ) in each group. Two groups of these three groups were induced with hypertension 
by giving intraperetonial injections of synthetic ACTH (0.5mg/kg/day) for Fifteen days. 
One of these tow induced groups were Olmesartan treated group: The other one was 
control untreated. Blood samples were collected at the end of induction of hypertension 
(2ed week) and after 8 weeks of treatment for measurement of serum (hsCRP, IL6, 
TNF-α ,malondialdehyde (MDA), and reduced glutathione (GSH) At the end of the 
eight weeks the hearts were removed for assessment the histopathological changes. 
Compared with the control normal group, levels of hscRP, IL6, TNF-α ,MDA, and 
Blood pressure were increased  and reduced GSH was decreased in hypertensive 
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animals (P<0.05). Histologically, all induced- untreated rats showed no significant 
changing (P>0.05). Olmesartan decreased the levels in hsCRP, IL6, TNF-α, MDA 
significantly compared with hypertensive untreated group (P<0.05), It also caused 
significant decrease in blood pressure and significant increase in GSH (P<0.05), it 
didn’t  show significant histological  changing compared with induced untreated group 
p>0.05. Olmesartan possess antihypertensive effects in experimentally  induced 
hypertensive rats via interfering with inflammatory and oxidative pathways.  
 
Key Words: Olmesartan, , inflammatory markers, Oxidative stress  
 
Introduction  

Hypertension acts as a major determinant of endothelial dysfunction and vascular 
damage, promoting inflammatory activation of endothelial cells, recruitment of 
inflammatory cells in the arterial wall and activation of vascular resident elements 
systemic activation (1,2). Mechanisms leading to this inflammatory response are not 
clarified and can include both mechanical stresses of the arterial wall and 
proinflammatory effects of humoural factors, such as Angiotensin II (AngII).  (2) 

Accumulating evidence from basic science researches and clinical studies showed 
that AngII, besides regulating the vascular tone, may exert some inflammatory effects 
on the arterial wall (2,3,4). AngII, in fact, induces (NF-kB) activation triggering the 
production of inflammatory cytokines, promotes the activation of NADPH oxidase 
followed by the release of reactive oxygen species (such as superoxide anion) and 
impairs endothelium-dependent vasodilatation by reducing nitric oxide (NO) generation 
(3) .The treatment of animal models of hypertension with Angiotensin receptor blockers 
reverses most of the detrimental effects of AngII on endothelial function and reduces the 
level of inflammatory activation in the vessels (4). 

There is an increasing evidence base to support a relationship between elevation in 
vascular inflammatory markers and hypertension (5,6,7). 

The selective AT1R antagonism improved remodeling of resistance arteries beyond 
BP control, which could result in improved cardiovascular outcomes.(8). Therefor, the 
aim of the present study was to assess the effect of olmesartan on hypertension via 
interfering with inflammatory and oxidative pathways. 
 
Materials and Methods 

In this study we have used twenty four  white laboratory female Wistar rats that are 
of 200-250 gm body weight. Their ages range from(three to four) months, these rats 
were divided in to tree groups (eight in each group). The period of this study was 
continued from  7th Des . 2009 to 22nd Feb. 2010 in the animal  house of the Collage of 
Medicine /University of Kufa and exposed to controlled temperature around 25 º C and 
humidity was kept at 60-65% .The rats were given water and standard chow diet. The 
amount of standard chow diet taken by each rat was 20gm daily. The rats were bred in 
standard cages. All rats groups except control normal group were induced with 
hypertension by giving intraperetonially   injections of synthetic ACTH 
(0.5mg/kg/day)for  fifteen days (9). 
Olmesartan Medoxomil  

Olmesartan medoxomil was given in dose of 8 mg/kg once a day(mid therapeutic 
dose)  before morning feed (10). by suspending each single  rat a daily dose in water and 
then given orally by gavage for eight weeks. 
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Preparation of Samples 
Blood Sampling 

From each rat, about 3 ml of blood was  collected by  intracardiac aspiration at the 
subxiphisternal approach at the beginning of treatment and at the end by large gage 
needle . Sera were removed, and analyzed for determination of (hsCRP, TNF-a, IL-6., 
reduced Glutathione, malondialdehyde (MDA)). 
Tissue Sampling for Histopathology  

At the end of the protocol (10 weeks on their respective diets), rats were 
anesthetized with high concentration of chloroform and then killed. Rats were dissected 
through the chest wall to make the heart accessible for resection. The heart was 
exteriorized, cleaned of adherent connective tissue excised. All specimens were 
immediately fixed in 10% formaldehyde solution. After fixation, they were processed in 
a usual manner. The sections were examined by microscope under magnification power 
of (4×10) then the histological changes in the ventricle wall  thickness were 
examined(11). 
Methods 
Blood Pressure Measurement 

A physograph MK III  tonometer transducer was used to measure indirect blood 
pressure (Bp) of rat by inserting the tonometer by a holder to the medial aspect of the rat 
thigh in the left femoral artery. All the rats blood pressure were measured at the same 
time throughout the induction and treatment course every 7 days. 

A digital sphygmometer is inflated up to 250 mmHg then gradually pressure 
declined with physiograph monitoring of pressure pulse oscillations. Immediately after 
reaching a maximal oscillation of tonometric pulsation a value of sphygmometer is 
recorded. That value corresponds to the MAP together with determining the maximal 
systolic and diastolic pressure for healthy group for calibrating the physiographic chart 
divisions (12) 

Biochemical Measurement of (hsCRP, TNF-α, IL-6,MDA,and GSH ) 
ELISA Kits were used for  quantitative determination of ( hsCRP, TNF-α, IL-6, ), 

(hs-CRP Elisa kit, Drg International Inc USA), (IL6 Elisa kit , ImmunoTech .France), 
(Tnf-α Elisa kit,ImmunoTech .France), respectively. 

The level of MDA was determined by modified procedure (13). QuantichromTM 

Glutathione assay Kit is designed to accurately measure(GSH)  (14). 
Statistical Analysis  

Statistical analysis were done by using  (SPSS, Mat Lab. 2010a) ,;For continuous 
data a paired t test was used whereas regression coefficient r was used to assess blood 
pressure responses .P value less than 0.05 regarding as significant    
Results 
Effect on Mean Arterial Pressure 

There was a significant increase in MAP in induced control untreated group as 
compared with control normal group; P < 0.05. Olmesartan had potent antihypertensive 
effect. The drug caused a significant decrement of MAP after eight weeks of treatment; 
P < 0.05. as shown in table (1) 
Effect on Serum Level of (hsCRP, TNF-α, IL6)   

There was a significant increase in serum level of( hsCRP, TNF-α, IL6) noticed  
with induced untreated group as compared with control normal group after fifteen days 
of induction of hypertension; p < 0.05. 



 
 
Kufa Med.Journal 2011.VOL.14.No.2 
 

 160 

Olmesartan induced significant reductions in( hsCRP, TNF-α, IL6) levels as 
compared with control induced untreated group after 8 weeks of treatment course p < 
0.05. as shown in table (2) 
Effect on Serum Reduced Glutathione Level (GSH). 

There was a significant reduction in serum reduced GSH level noticed  with 
induced untreated group as compared with control normal group ;    P < 0.05,   
Olmesartan  caused  a significant rise in reduced GSH in comparison with the untreated 
group, P < 0.05 After the eighth week of treatment. as shown in table (3) 
Effect on Serum Level of Malondialdehyde MDA 

There was a significant increase in serum MDA level noticed in induced untreated  
control group as compared with control normal group; P < 0.05,Olmesartan caused a 
significant decrease in serum MDA level in comparison with the untreated group, P < 
0.05. After the eighth week of treatment. as shown in table (4) 
Histological Effect of Induction of Hypertension and Effects of Olmesartan 
Treatment 

induced untreated Control group (picture no. two) upper right showed mildly 
thickened wall and although Olmesartan (picture no. Three)  showed a mild difference 
from the untreated group however this difference was not significant at P <0.05. This 
finding was expected since duration of induction of hypertension was not sufficient to 
revealed left ventricular wall thickness. as shown in figure (1) 
 
Discussion 

In the current study, a significant increase in mean arterial pressure was found in 
rats induced with 0.5 mg /kg /day for fifteen days as compared with the normal group. 
This increase of mean arterial pressure by ACTH can be explained by the mechanism 
that ACTH-induced secretion of the major rat glucocorticoid corticosterone, The 
increase in transcription and expression of glucocorticoid receptors might be one of the 
mechanisms involved Glucocorticoids also modulate vascular permeability and decrease 
production of NO as well as of other vasodilator factors (9,15  ).  .  

There was a significant decrease in mean arterial pressure (MAP) in olmesartan 
treated rats (8mg/kg/day) as compared with the induced untreated group. This decrease 
of mean arterial pressure by olmesartan can be explained by the mechanism that 
olmesartan displace angiotensin II from the angiotensin I receptor and produce their 
blood pressure lowering effects by antagonizing angiotensin II–induced 
vasoconstriction (16)., 
Effect on Inflammatory Parameter hsCRP, TNF _α, and IL6 

There was a significant increase in,(hsCRP,IL6,TNF-α),  level in rats induced with 
0.5 mg/kg/day (ACTH) for fifteen days as compared with the normal group. (p<0.05). 
This increase of (hsCRP, IL6,TNF –α) level by ACTH can be explained by the 
mechanism that ACTH-induced hypertension in rat and as  hypertension acts as a major 

determinant of endothelial dysfunction and vascular damage lead to promoting 
inflammatory activation, these effects characterized by the expression of inflammatory 
markers hsCRP,IL6,TNF -α. The mechanisms leading to this inflammatory response 
include both mechanical stress of the arterial wall and proinflammatory effects of 
humoural factors, such as Angiotensin II (AngII). AngII, besides regulating the vascular 
tone, may exert some pro-inflammatory effects on the arterial wall. AngII, in fact, 
induces (NF-kB) activation triggering the production of inflammatory cytokines (3). 
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Olmesartan showed highly significant decrease in (hsCRP,IL6,TNF –α) in 
comparison with untreated group. This effect of olmesartan could be explained by the 
relation between angiotensin suppresses ATI receptor that have a role in mediation of 
cytokines release (17). 
Effect on Oxidative stress 

     In our study hypertension was associated with increases in the serum levels of 
the lipid peroxidation product MDA and decrease in the level of serum GSH . This 
effect of ACTH could be explained by that Administration of adrenocorticotropic 
hormone (ACTH) to rats provides means of inducing hypertension by stimulating the 
adrenal production of corticosterone and this lead to disruption of the nitric oxide 
synthase (NOS) pathway at various points, affecting NO bioavailability, oxidative stress 
and function of the endothelium  (18).   

Olmesartan had significant effect on serum MDA and GSH levels hence it inhibited 
the( increase of serum MDA caused by ACTH induced hypertension in rats .This 
suggesting decrease in ROS and subsequent lipid peroxidation. Also olmesartan caused 
high increase in rats serum GSH level,. This effects of olmesartan might be attributed to 
that Angiotensin II activates the AT1 receptor resulting in superoxide anion generation, 
oxidative stress, and endothelial dysfunction (18), ARBs diminish production of 
intracellular superoxide anions by reducing activity of angiotensin II-dependent 
oxidizes in the endothelium and vascular smooth muscle. This protects endothelium-
derived NO from oxidant degradation to inert or toxic molecules( 19). 
 
 
Table (1): Changes of MAP in ( mmHg) in different groups form zero time to the 10th 
week Data are presented as mean ± SEM at P < 0.05. 
NS   = not significant 
 

 
Groups 

Zer
o 

time 
2nd   

 
3rd 

 
4rth 

 
5fth 

 
6th 

 
7th 

 
8th 

 
9th 

 
10th 

Correlatio
n         test 
P< 0.05 

Healthy 
control 

123 
± 5 

121±
2 

120
± 3 

121±
3 

122±
5 

123
± 6 

120
± 7 

121
± 7 

122
± 5 NS 

Induced 
untreated 

184 
± 7 

189±
5 

186
± 6 

184±
2 

183±
5 

182
± 4 

186
± 3 

185
± 4 

188
± 4 NS 

olmesarta
n 

188 
± 6 

122±
3 

96± 
2 94± 2 85  ± 

3 
86 
±3 

87± 
2 

88 ± 
3 

85 ± 
2 

P < 0.05 
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Table (2): Sequential Changes of Serum hsCRP Level mg/L,(TNF-α, IL6) level ng/L of 
the Three Experimental Groups at the end of the induction period and at the end of the 
treatment. The Data Expressed as Mean ± SEM (N=8 in each group) p<0.05. 
 

Groups 
Zero time 
2 weeks 

10 weeks 
P-values 

hscrp TNF- α IL6 hscrp TNFα IL6 

Normal 
control 

 
1.55 ± 0.40 

1.52 ± 
1.2  

 
1.8 ± 0.55 

1.58 ± 
0.22 

1.52 ± 
1.37 

 
1.875 
± 1.56 

p > 0.05 
 

Induced 
control 

(untreated) 
4.78 ± 1.23 

3.04 ± 
1.03 

2.68 ± 1.49 
 

4.86 ± 
1.17 

3.06 ± 
1.003 

2.84 
±1.61 

 

p < 0.05 
 

Olmesartan 
group 

4.64 ± 
1.03 

3.02 ± 
1.04  

 
2.52 ± 1.33 

2.95 ± 
0.19 

1.625 
± 0.35 

 
1.175 ± 

0.47 

 
p < 0.05 

 
Table (3): Sequential Changes of Serum GSH level µmol/L of the Three Experimental 
Groups at the end of the induction period and at the end of the treatment. The Data 
Expressed as Mean ± SEM (N=8 in Each group). P < 0.05. 
 

Groups Zero time 
2 weeks 

10 weeks P- values 

Normal control 114.5± 4.123 115 ± 4.16 p > 0.05 
 

Induced control 
(untreated) 

36.25 ± 6.19 36.99 ±11.73 P < 0.05 

Olmesartan group 38.7 ± 5.8 99  ± 12.8 P < 0.05 
 

 
Table (4): Sequential Changes of Serum MDA Level mmol/L of the Three 
Experimental Groups at the end of the induction period and at the end of the treatment. 
The Data Expressed as Mean ± SEM (N=8 in each group). P < 0.05. 
 

Groups 
zero time 
2 weeks 10 week p values 

Normal control 2.03 ±0.11 2.13 ± 0.17 
p > 0.05 

 
Induced control 

(untreated) 7.625 ± 0.35 7.625 ± 0,55 
p<0.05 

 

Olmesartan group 7.6 ± 0.29 3.225 ± 0.275 
 

P < 0.05 
 

 
 



 
 
Kufa Med.Journal 2011.VOL.14.No.2 
 

 163 

 
 
Figure (1): shows the Main Histopathological Finding of Transventricular Section for 
Rats Hearts(1-Healthy controlled, 2- Induced untreated control,3- Olmesartan treated) 
Revealed Minimal Chages in Transmural Cardiac Thickness Between Different Groups 
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