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Abstract 

Background and Objectives: Olmesartan proved to be quite effective in lowering blood pressure 

(BP) in rabbits received intracarotid (IC) infusion of angiotensin II (AngII) by blocking angiotensin 

type 1 receptors (AT1) competitively in brain sites outside the blood brain barrier accessible to AngII 

and also in the periphery. Until now, no studies have been done to examine this effect of Olmesartan 

in salt-loaded rabbits to intravenous (IV) and IC infusions of Ang II, therefore this study is 

performed.  

Methods: After two weeks of salt-loading, local domestic rabbits were given IV or IC infusions of 

AngII (10ng/kg/min).The effects of AngII were first investigated alone. When the pressor effect was 

clearly apparent, Olmesartan was injected intravenously as a single dose of 0.6mg/Kg. The second 

dose of Olmesartan was injected after recovery when the BP recording was reasonably stable. The 

BP and heart rate (HR) were evaluated. 

Results: Both IV and IC infusions of Ang II induced moderate but highly significant increases in 

arterial BP. Intravenous injection of Olmesartan produced essentially no change in BP, whereas the 

same dose induced clear-cut hypotension during IC infusion of Ang II. The pressor response to 

AngII was totally prevented by Olmesartan. The hypotensive effect of Olmesartan has disappeared 

after 30-60min indicating a relatively short elimination half-life of the drug in rabbits. The HR 

remained unchanged.  

Conclusions: The rapid inhibition of the pressor response of Ang II by Olmesartan confirms a direct 

pressor effect of Ang II and reduces the role of other endogenous pressor substances. 
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Introduction 
Hypertension is known to be a major risk factor for cardiovascular, cerebrovascular and renal 

diseases including stroke, sudden cardiac death, and coronary artery diseases. The control of blood 

pressure (BP) in hypertensive patients can markedly reduce morbidity and mortality resulted from 

these lethal complications and save lives.1,2,3 The number of adults with hypertension in 2025 is 

predicted to increase by about 60% to a total of 1.56 billion.4 

Angiotensin II (Ang II) which is a potent vasoconstrictor that increases total peripheral resistance, is 

involved in the pathogenesis of essential hypertension, congestive heart failure, renovascular 

hypertension and renal diseases associated with hypertension.5,6 These conditions have been treated 

with renin-angiotensin system blockers like Omlesartan which competitively antagonize the 

angiotensin II receptors and produce BP lowering effects.5 

Ang II has been shown to be 10 times more active than noradrenaline in increasing the BP7 and 

directly increases sodium reabsorption in the proximal tubule. It also alters renal hemodynamics and 

causes the release of aldosterone from the adrenal cortex.8,9 Several mechanisms are involved in the 

pressor response to Ang including direct vasoconstriction, enhancement of both sympathetic 

discharge and catecholamine release.10,11 These biological actions of Ang II are mediated by cell 

surface receptors, Ang receptors, type 1 (AT1) and type 2 (AT2). AT1 receptors which Olmesartan 

binds to, have been localized in the kidney, heart, vascular smooth muscle cells, brain, adrenal gland, 

platelets, adipocytes, and placenta.12 

The antihypertensive effects of Olmesartan were demonstrated in seven placebo-controlled studies in 

a total of 2,693 patients with essential hypertension at daily doses ranging from 2.5 to 80 mg during 

short-term treatment of 6 to 12 weeks, each showing statistically significant reductions in peak and 

trough BP.13,14  In addition to the periphery’s role of Ang II in the control of BP, it plays an 

important role within the brain in the pathogenesis of hypertension and other cardiovascular 

disorders. Some studies reveal that the circulating Ang II is unable to cross the blood brain barrier 

(BBB) except in some disease when BBB is disrupted.15 However, all components of the peripheral 

renin-angiotensin system (RAS) are also found in the brain but the role of endogenous RAS 

involving in cardiovascular disorders are still not fully understood.16  

Additionally, Ang II in the brain regulates numerous physiological responses through its central 

actions in the brain, where it functions as a neurotransmitter or neuromodulator to influence BP, 

drinking behavior, salt appetite, and several neuroendocrine processes. Some of these responses are 

induced by the actions of circulating Ang II at the circumventricular organs (CVOs) and other 
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specialized regions, and others are influenced by locally formed Ang II generated within the brain 

itself. Although circulating hormones are effectively excluded from most parts of the brain by the 

BBB, neurons in the CVOs are accessible to many circulating ligands via the fenestrated endothelial 

cells of their dense capillary circulation. The pressor response to circulating Ang II is mediated 

partially by the area postrema and the subfornical organ (SFO), highly vascularized organ in the 

brain which does not have a BBB.16,17,18  

Many studies have shown that the fall in blood pressure with salt reduction is significantly related to 

the degree of activation of the RAS, i.e. the greater the rise in plasma renin activity (PRA), and 

therefore Ang II and aldosterone, the smaller the fall in blood pressure.19-25 When the RAS is blocked 

by an Angiotensin Converting Enzyme Inhibitor (ACE-I), BP becomes much more dependent on 

sodium and water balance, and changes in salt intake have much larger effects on BP.26  

The aim of this study is to evaluate the effect of the angiotensin type 1 (AT1) receptor blocker 

(Olmesartan) on blood pressure and heart rate responses to Ang II given intacarotidly (IC) to salt-

loaded rabbits.  

Methods 
Study design 

The local domestic rabbits (Oryctolagus cuniculus) of both sexes weighted (1.2-2.0 kg) were used in 

this study. The animals were kept in the animal house of the college of medicine with a room 

temperature of 18-25 oC and maintained on normal available food (barley and vegetables) and 

considered to be salt loaded after giving them 0.9% saline as drinking water for at least 2 weeks. The 

body temperature was kept at 37-37.5 °C. The rabbits were deprived of food for 15-18 hours before 

experimental use and then prepared for experimental procedures under an anesthetic regimen 

consisting of a combination of phenobarbitone (100 mg/kg body weight) and urethane (1 gm/kg body 

weight) intraperitoneally.27,28 Surgical anesthesia was reached in about 15 minutes after urethane 

administration. Thereafter, supplementary small doses of urethane were injected intravenously (IV) 

as required to maintain deep and prolonged anesthesia because the administrated dose of urethane 

represented 1% of the recommended anesthetizing dose usually used in rabbits28. A tracheostomy 

was performed to allow free ventilation and for avoiding tracheal obstruction in animal with long-

term anesthesia. In addition, the mucus and other secretions were regularly removed by suction using 

a syringe connected to a polythene tube. 

Preparation of animals for experiments  
For BP measurement, the carotid artery of the rabbit was cannulated as shown in figure 1. The 

arterial blood pressure was recorded by connecting the carotid artery cannula to a BP transducer. The 
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arterial cannula connection was through a 3-way stop-cock attached to a syringe containing 

heparinized isotonic saline. The blood pressure transducer was in turn connected to a two channel 

oscillograph and to a mercury manometer for calibration. The process of calibration allows the 

determination of the range of BP in which the blood pressure of the animal is recorded.  

 

 

Figure 1: A diagram showing cannulation of the carotid artery. 

The heart rate was determined in the rabbits by palpitation based on the method described by Dizaye 

in 1998 27 in which, the heart rate is recorded from the BP trace. Each pulse in the artery is 

transmitted to the physiological recorder as an upward deflection representing the systolic pressure, 

followed by a downward deflection representing the diastolic pressure (see Figure 2). A cardiac 

cycle, on the recording paper consists of an upward deflection and a downward deflection. The 

number of cardiac cycles (beats) per unit of time can be determined from the speed at which the 

paper of the recorder is running.  
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Figure 2: A trace of arterial BP recording showing cardiac cycles per second. 

Ang II in a dose of 10 μg/ml was infused intracarotidly in a rate of 10 ng/kg/min. This rate of the 

hormone produced a moderate rise in BP of about 10-15 mm Hg. The IC infusion was performed 

depending on a method employed previously in the rabbits by Hamad in 1995.29 A 27-gauge dental 

needle attached to pp 25 polythene tubing was inserted into the carotid artery in the direction of 

blood flow. The advantages of this method is that it allows IC infusion or injection without blocking 

the normal blood flow through the artery and also, the arterial puncture made by the needle is so 

small that no bleeding occurs even upon withdrawal of the needle at the end of each experiment.  

A single dose of 0.6 mg/kg Olmesartan (IV) was administrated to the animals. This dose was chosen 

following many trails and it is within the range of effective antihypertensive daily doses used in 

humans. During the course of each experiment, Olmesartan injection was freshly prepared. Two 

tablets of Olmesartan were dissolved properly in 50 ml of sterile normal saline and filtered before 

injection.  

The effects of IC infusion of Ang II were first investigated alone. When the pressor effect was 

clearly apparent, Olmesartan was injected intravenously as a single dose of 0.6 mg/Kg. After 

allowing 30–60 minutes of recovery as a control period, and when the BP recording was reasonably 

stable, a second similar dose of Olmesartan was injected. The HR was measured as previously 

described.  
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Statistical analysis of results 

The results were evaluated statistically by using the Statistical Package for the Social Sciences 

(SPSS) computer program. All results are quoted as mean ± the standard error of the mean. In the 

experimental designs used, both control and experimental treatments were given to the same animal. 

The experimental results were evaluated mostly by t-test for paired samples. Changes were 

considered statistically significant when P value was less than 0.05; where P is the probability that an 

observed change or difference might have occurred by chance.  

Results  

The effects IC infusions of Ang II on arterial BP in salt-loaded rabbits: 

The angiotensin infusion intracarotidly induced a significant increase in arterial BP in a range of 11-

15 mm Hg (see Figures 3).  

 

Figure 3: Blood pressure traces showing the pressor responses to Ang infusion (10 ng/kg/min) IC 
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The effects of Olmesartan on arterial BP and heart rate in salt- loaded rabbits receiving IC 
infusion of Ang II: 

Intracarotid infusion of Ang II at a rate of 10 ng/kg/min produced a consistent and highly significant 

increase in arterial BP (Table 1). During the pressor response to Ang II, the IV injection of 

Olmesartan (0.6 mg/kg) clearly and rapidly reduced the arterial BP (Table 1 and Figure 4). This 

hypotensive effect of Olmesartan lasted about 30 minutes. Thereafter, the effect gradually faded out 

and complete recovery occurred approximately after one hour from the injection. There was almost 

no change in HR during these experimental treatments (Table 2). 

Table 1: The effects of Ang II (10 ng/kg/min) infusion intracarotidly, alone and in combination with 

IV injection of Olmesartan (0.6 mg/kg) on arterial BP in salt-loaded rabbits.  

Experiment No. 
Control 

(A) 

Ang II, IC 

(B) 

Ang II+Olmesartan 

(C) 

1 83 95 70.5 

2 84 100 60 

3 54 65 46 

4 114 135 84 

5 67 80 53 

6 68 81 42 

Mean±SE mmHg. 78.33±8.47 92.66±9.85 59.25±6.45 

Statistical evaluation, students t-test for paired samples (P) 

A vs B P < 0.0005 

A vs C P < 0.003 

B vs C P < 0.001 
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Table (2): The effects of IC infusion of Ang II (10 ng/kg/min.), Ang II plus IV injection of 

Olmesartan (0.6 mg/kg) on HR in salt-loaded rabbits.  

Treatments 
Control 

n=10 

Ang II, IC 

n=6 

Ang II+Olmesartan 

n=7 

Mean±SE (bpm) 277.6 ±10.1 272.3 ±15.3 273.1 ±13.8 

 

Statistical evaluation by comparison between the means showed no significant differences.  

 

 

Figure 4: The effects of Olmesartan (0.6 mg/kg, IV) on the pressor response to IC infusion of Ang II 

(10 ng/kg/min). The recording shows a typical hypotensive response to Olmesartan in one rabbit.  

The effect of Olmesartan injection on arterial BP in salt-loaded rabbits: 

When the blood pressure recording was continuous and reasonably stable during control 

measurements, the dose of 0.6 mg/kg of Olmesartan injected intravenously produced no detectable 

change in arterial BP (Table 3).  
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Table 3: The effect of Olmesartan injection (0.6 mg/kg, IV) on BP in salt-loaded rabbits.  

Experiment No. Control Olmesrtan 

1 65 59 

2 53 58 

3 62 62 

4 77 73 

5 94 95 

6 77 78 

Mean±SE mmHg. 71.3 ±5.89 70.8 ±5.83 

Statistical evaluation by student's t. test for paired samples showed no significant change.  

Discussion  
The use of relevant animal models to study human cardiovascular diseases gives useful information 

to understanding the causes and the potential treatments. Different animal models have been used in 

induction of experimental hypertension and these animals are also tools in the studying the 

pathophysiology of hypertension and its complication.30 

In the present study, the animals were salt loaded at the start of the experiment with an aim to cause 

inhibition of renin secretion and to reduce the subsequent formation of Ang II. This led to reduced 

renin activity experimentally and the effects of administrated Ang II exogenously can be easily 

detected.   

Referring to values of arterial BP during control periods in tables 1 and 3, the mean is equal to 

74.8±7.2 mm Hg. This value lies within the normal range of blood pressure (73-104 mm Hg) 

reported by Weisbroth et al. in 1974.31 The arterial BP significantly increased in response to IC 

infusion of Ang II (Figure 3). A proportion of the Ang II that is infused into the carotid artery is 

expected to react with Ang receptors in central areas outside the BBB, and the rest flows into 

peripheral circulation. Therefore, the plasma concentration of Ang in the peripheral blood would be 

lower than that will be produced by IV infusion and hence a smaller rise in arterial BP results from 

the direct vasoconstrictor effect of angiotensin.  
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Intravenous injection of Olmesartan in a dose of 0.6 mg/kg produced essentially no change in arterial 

BP (Table 3). Whereas the same dose proved to be quite effective in producing hypotension after the 

animals received IC infusion of Ang II (Table 1, Fig. 4). In control periods, the salt-loaded rabbits 

received a relatively high infusion of isotonic saline, conditions that reduce the circulating levels of 

Ang II and upregulates Ang receptors.32 In such conditions when Olmesartan is given, it binds to 

AT1 receptors but without affecting the baseline BP levels because of the minimal concentrations of 

plasma angiotensin. However, when Ang is infused, the arterial BP is increased. This pressor 

response is totally prevented and the BP is further reduced by Olmesartan competitively blocking 

AT1 receptors in brain sites accessible to Ang and also in the periphery. The significant reduction of 

arterial BP below the control baseline value may be due to Ang II activating AT2 receptors resulting 

in vasodilation.12,33  

The fact that the pressor response to IC infusion of Ang was rapidly inhibited within seconds 

following Olmesartan injection, confirms the direct effect of Ang in this pressor response. In other 

words, an indirect role of other hormonal factors like vasopressin release may be excluded. However, 

a central effect of Ang II resulting in rapid excitation of sympathetic activity cannot be ruled out. The 

hypotensive effect of Olmesartan has disappeared after 30-60 min. indicating a relatively short 

elimination half-life of the drug in rabbits compared to 10-18 hours in man.  

Conclusion  
Olmesartan proved to be quite effective in lowering blood pressure in animals received IC infusion 

of Ang II. This effect is due to blocking AT1 receptors competitively in brain sites accessible to Ang 

II and also in the periphery. The rapid inhibition of the pressor response to IC infusion of Ang II by 

Olmesartan confirms a direct pressor effect of Ang II and reduces the role of other endogenous 

pressor substances.  
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