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Abstract – We were aimed to study effects of the Urotensin-2 receptor antagonist - Palosuran on blood pressure and plasma rennin 
concentration in laboratory rats with renovascular hypertension (2 kidneys + 1 clip).  Blood pressure was measured using noninvasive 
“tail cuff“ method.  

Studies have shown that in experimental rats palosuran (10 mg/kg/daily, during 4 weeks) reveal hypotensive effect. Blood pressure was 
decreased even after administration NO-synthase inhibitor - L-NAME (10 mg/kg, single dose), supposedly due to its urotensin-2 receptor 
antagonistic properties.  

In hypertensive rats plasma renin concentration was increased progressively compared to the data of healthy rats. In palosuran-treated 
hypertensive rats  renin concentration was significantly lower than in untreated hypertensive rats. Decreased renin concentration was 
maintained after administration of L-NAME, except during the late-onset of treatment.  

It could be concluded that in experimental rats with renovascular hypertension the vasodilatatory effect of palosuran outweighs the 
inhibitory effect of L-NAME on NO production and urotensin-induced endothelium-independent vasoconstrictive effect, especially at the 
early stages and early onset of treatment of hypertension. Palosuran might represent a new therapeutic option in individuals with 
hypertension disease. 
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I. INTRODUCTION 

According to the World Health Organization, arterial hypertension is a serious medical condition that can increase the risk of 
heart, brain, kidney and other diseases. About 26% of the population dies each year due to arterial hypertension.  It  is a major cause 
of premature death worldwide.  A review of current trends shows that the number of adults with hypertension increased from 594 
million in 1975 to 1.13 billion in 2015.  WHO estimates that 54% of strokes and 47% of cases of ischemic heart disease are the 
direct consequence of high blood pressure, which thus takes its place among the main risk factors for cardiovascular morbidity and 
mortality [1]. 

The objectives of antihypertensive treatment are to prevent the occurrence/progression/recurrence of cardiovascular disease 
related to sustained high blood pressure, reduce mortality and help patients with hypertension lead their lives as normally as do 
healthy people [2]. The prescription of antihypertensive drugs to achieve the recommended target blood pressures   remains the 
main step of the management of hypertensive patients.  Drugs, targeting BP must be well tolerated, economically affordable, and 
simple to take, thus supporting long-term persistence [3].    

Nowadays, four major classes of antihypertensive drugs are available: diuretics, calcium antagonists, blockers of the renin–
angiotensin system (RAS), and beta blockers.  Despite their ability to lower blood pressure, significantly improve the long-term 
prognosis of patients and reduce cardiovascular outcomes, it is important to consider the tolerability profile of antihypertensive 
drugs as tolerability is the major determinant of the long-term persistence on therapy and side effects. For instance, 
Diuretics/Thiazides may produce hyponatraemia, hypokalaemia, hyperuricaemia, increase in cholesterol and LDL, serum 
creatinine/urea, risk of diabetes. Patients may suffer with weakness, muscle cramps, impotence, gout attacks. Antialdosterone 
diuretics may lead to dizziness, drowsiness, allergic reactions, sexual disturbances, nausea, vomiting, hyperkalaemia. ACE 
inhibitors result in persistent dry cough, angio-oedema, dry mouth, nausea, rash, hyperkalemia, increased serum creatinine.   
Hyperkalaemia, increased serum creatinine, nausea, dry mouth, abdominal pain are common manifestations of Angiotensin receptor 
blockers.  Calcium antagonists/dihydropyridines result in peripheral edema, headache, flushing, palpitations, constipation, nausea, 
gingival hyperplasia. Beta blockers  Increase risk of diabetes, increase triglycerides, decrease HDL, aggravate asthma, produce 
fatigue, insomnia, nightmares, reduced ability to exercise, rash, weight gain   [4].   Thus, could be said that the problem of effective 
treatment of arterial hypertension has not lost its importance and its solution in a particular clinical situation often remains very 
difficult. 

In recent years, the interest of researchers and scientists in cyclic vasoactive neuropeptide urotensin-2 has increased significantly.  
The role of the UII system in human pathophysiology is not yet fully understood. Urotensin-II  (U-II), as a regulator of vascular 
tone, is found in the cardiovascular and central nervous systems, kidneys, lungs, liver, ovaries, endocrine glands and is involved in 
many physiological and pathological processes [5], [6], [7], [8], [9]. Circulating blood levels of human UR-II, the most potent 
vasoconstrictor peptide identified to date, are increased in patients with essential hypertension. U-II binds to the U-receptor, 
activates the Gq-protein, and induces activation of the inositol-triphosphate cycle by phospholipase-C activation [10], [11]. U-II is 
a more potent vasoconstrictor than endothelin-1, vasopressin, and vasoconstrictor prostaglandins. U-II acts as an endothelium-
independent vasoconstrictor and endothelium-dependent vasodilator [12], [13], [14], [15], [16].     

Vasoconstriction is mediated by receptors on smooth muscle cells (SMCs) and appears to be variable and highly dependent on 
the vascular bed, whereas vasodilation is endothelium-mediated [17]. However, in a disease state of chronic heart failure or essential 
hypertension, U-II loses its dilatory ability [18].  It is understood that such a loss and dysfunction of endothelial cells would favor 
a contractile response over a relaxant one [19]. 

Increased levels of U-II and over expression of urotensin receptors (UTR) detected during hypertension, heart failure, diabetes, 
portal hypertension, and renal failure, suggest that U-II/UTR system may play a crucial role  in the development of these diseases 
[20], [21]. In this regard, investigation of UTR antagonists seems interesting and prospective in treatment of hypertensions and 
other diseases accompanying hypertension. 

 Palosuran is a non-peptide UTR antagonist with promise in drug development has been developed to inhibit the accumulation of 
calcium by U-II and the phosphorylation of mitogen-activated protein kinase. Data in the literature on the use of palosuran in 
hypertensive individuals are scarce and mutually exclusive [22], [23], [24], [25].  In rat models of acute renal failure and diabetes, 
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palosuran significantly improved renal function, decreased the number of tubular and tubulointerstitial lesions and improved 
survival [26]. 

 Based on all of the above, it is interesting to study the effect of urotensin receptor antagonist - Palosuran on blood pressure in 
laboratory rats with experimental arterial hypertension. 

II. MATERIALS AND METHODS  

The study was performed on male Wistar rats weighing 200-250 g.  after an adaptation period of at least 1 week. All rats were 
housed in the lab as a group of eight per cage in climate-controlled conditions with a 12-h light/dark cycle and free access to normal 
pelleted rat chow and drinking water. The protocol used in this study for the use of rats as the animal model for research was 
overseen and approved by the Tbilisi State Medical University Animal Welfare and Use Ethics Committee (N39 - 17/08/2019). 

For experimental modelling of hypertension we used the Reno-vascular (the two-kidney, one-clip - 2K1C) H. Goldblatt model 
[27], [28], [29].  Under general anaesthesia (Nembutal - 50 mg / kg), after separation of the renal artery from the vein and nerve, 
the  silver clip (0.2 mm internal diameter) was  placed on the left renal artery close to the aorta. 

 The experimental animals were divided into 3 groups: Group I - healthy, intact rats;  Group II - hypertensive rats;  Group III - 
hypertensive rats, subjected to treatment with palosuran, started after 4 weeks of disease modelling;   Group IV - hypertensive rats,  
subjected to treatment with palosuran, started after 8 weeks of disease modelling. Palosuran was  injected  intraperitoneally with 
the dose of 10 mg/kg, daily, during 4 weeks.  

 In the groups II and III rats, NO-synthase inhibitor - L-NAME (10 mg/kg, single dose) was administered intraperitoneally also 
after completion of the treatment with palosuran.  

 Systemic arterial pressure (systolic pressure, diastolic pressure) was measured once a week for 12 weeks using arterial pressure 
measurement system "Систола" (non-invasive tail-cuff method for BP measurement). The mean arterial pressure was calculated.  
Plasma renin concentration was determined using ELISA (HumaStar HS).   

 All statistical tests were conducted using IBM SPSS Statistics. Differences between control and treated animals were determined 
by using the Independent-Samples T test.  The criterion for significance was set to P < 0.05. 

III. RESULTS  

In experimental rats at different stages of the renovascular hypertension changes in mean arterial pressure (MAP) was detected 
compared to MAP of the group 1 animals (healthy rats).   

Results of experiment  (Tab. N1, N2)  have shown that after 1 week of disease modelling, MAP was not increased significantly,  
after 2 weeks - MAP increased by 24% (p <0.05), after 4 weeks, MAP increased by 42% (p<0.02), after 8 weeks there was a 
significant increase in MAP by 44% (p <0.02) and after 12 weeks of disease modelling,  MAP was increased by 53% (p <0.001) 
compared to MAP of the group 1 animals; 

In healthy rats, after administration of palosuran the MAP reduced by 33% (p<0.02). On the background of palosuran after 
injection of L-NAME, there was a 23% increase in MAP compared to palosuran-treated rats, and a statistically unreliable decrease 
of MAP by 17% compared to data from healthy rats. 

In hypertensive rats after treatment with palosuran started on the 4th weeks of disease modelling on the 8th weeks of hypertension  
MAP was reduced by 32% (p <0.001) compared to control, untreated hypertensive rats. 

L-NAME on the background of palosuran have shown increase tendency of MAP by 18% compared to palosuran-treated rats 
and  statistically significant reduction of MAP by 20% (p <0.02) compared to MAP of the group I animals. 

In hypertensive rats, after treatment with palosuran started on the 8th weeks of disease modelling on the 12th weeks of 
hypertension, palosuran revealed relatively less effect on MAP than at treatment started earlier. However, MAP was still reduced 
significantly by 23% (p <0.02) compared to control group (untreated, hypertensive rats). 

After administration of  L-NAME on the background of palosuran  there was a 16%  increase tendency in MAP compared to 
palosuran-treated rats and compared to untreated rats, the decrease in MAP by 10% was not statistically significant also.  
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Table  N1. Systolic and diastolic blood pressure in healthy and hypertensive rats after treatment with Palosuran  and  L-NAME  
injections  at different stages of  renovascular  hypertension. 

N Groups 

Systemic  Blood  Pressure   (mm/Hg) 

Without treatment Palosuran 
Palosuran 

+  L-NAME 

1 Healthy rats 
Systole 110 ± 3,4 81 ± 4,13,2 ±98 ٭٭ 

Diastole 87± 4,8 55 ± 3,1٭4,2 ±69 ٭٭ 

2 
1 week after hypertension 
modeling   

Systole 114± 4,1 - - 

Diastole 91± 4,5 - - 

3 
2 weeks after hypertension 
modeling  

Systole 159 ± 2,7٭٭ - - 

Diastole 98 ± 4,2٭ - - 

4 
3 weeks after hypertension 
modeling  

Systole 117± 5,7 - - 

Diastole 93 ± 4,5 - - 

5 
4 weeks after hypertension 
modeling  

Systole 185 ± 9,3٭٭ - - 

Diastole 110 ± 5,4٭٭ - - 

6 
Treatment started after  4 
weeks of hypertension 
modeling     -  8th week  

Systole 192 ± 9,35,7 ± 134 ٭٭ ٭٭٭  ٭٭±11,3 143 

Diastole 110 ± 5,4٭٭4,3 ±94 ٭٭3,1 ± 72 ٭٭ 

7 
Treatment started after  8 
weeks of hypertension 
modeling     -  12th week 

Systole 205 ±10,110,7 ±181 ٭٭8,1 ±149 ٭٭٭ 

Diastole 115 ±7,16,1 ±104 ٭٭5,2 ±94 ٭٭٭ 

      

 p<0.001 -٭٭٭   ;p<0.01 -٭٭    ;p<0.02 -٭

Table  N2. Mean arterial pressure (MAP) in healthy and  hypertensive rats after treatment with Palosuran and  L-NAME  
injections  at different stages of  renovascular hypertension. 

N Groups 

Mean Arterial Pressure – MAP  (mm/Hg) 

Before treatment Palosuran 
Palosuran  

+ L-NAME 

1 Healthy rats 95 ±3,1 64±3,0** 79± 2,5 
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2 1  week after modeling hypertension 97±3,5 - - 

3 2  weeks after modeling hypertension 118±4,1* - - 

4 3 weeks after modeling hypertension 101 ±9,2 - - 

5 4  weeks after modeling of hypertension 135 ± 10,0** - - 

6 8  weeks after modeling of hypertension 137± 8,3** 93 ± 5,5*** 110±  8,2** 

7 12  weeks after modeling of hypertension 145 ± 10,0*** 112± 7,2** 130±9,5 

 

*-  p<0.05;    ** -  p<0.01;   *** -  p<0.00 

IV. DISCUSSION 

As the results of study have shown, 1 week after hypertension modeling, only a tendency for an increase in MAP was observed, 
while a statistically significant increase in blood pressure was created after 2 weeks of disease modeling.  After  4 weeks, progressive  
increase in blood pressure was reliable and statistically significant.    

The increase in blood pressure at renovascular hypertension first of all develops due to the renal artery ischemia in the clipped 
kidney leading to hypoxia, activation of the renin-angiotensin-aldosterone system (RAAS), total peripheral vasoconstriction and 
water retention.  

3 weeks after modelling of hypertension, reduction in MAP could be explained by the compensatory reaction of the second, 
intact kidney, decreasing rennin production and inhibiting RAAS system to restore homeostasis. However, on the 4 weeks of 
renovascular hypertension, compensatory reaction of the intact kidney fades away, pressure regulatory system unable to maintain 
the blood pressure within the normal range and it increases significantly.   At this stage of hypertension, increased blood pressure 
and MAP manifested in experimental animals supposedly is caused due to the complex action of RAAS and activated sympathetic 
nervous system. The latter, results in further increase in renin production and peripheral vasoconstriction.  

After treatment with palosuran, the blood pressure significantly was decreased in all study groups.  The antihypertensive effect 
of palosuran was demonstrated  in both cases,  at early treatment (started after 4 weeks of renovascular hypertension  modeling) 
and at relatively late treatment (started after 8 weeks of  hypertension modeling) of hypertensive rats. 

Palosuran is known to have an antagonistic effect on U-II receptors, thereby reducing the vasoconstrictive effect of  U-II.  
According to the literature, U-II in a small doses induce the active production of NO (by activating NO-synthase) and consequently, 
the dilation of blood vessels as an endothelium-dependent vasodilator.  This phenomenon can explain the decline in MAP in all 
study groups of experimental animals [30].  

After administration of L-NAME there was not a statistically significant increase in MAP compared to animals treated with 
palosuran, while MAP was decreased compared to control, untreated hypertensive rats, but this decrease was statistically significant 
only in group of rats, where treatment was started earlier. 

After administration of L-NAME, as NO-synthase inhibitor, a significant increase in blood pressure was expected compared to 
the data of the control group animals. But, experiments revealed just the opposite reaction in palosuran-treated rats, especially in  
case of the early-onset of treatment. This may be explained by the fact that palosuran  inhibiting the effect of urotensin is likely 
increased NO production thereby inhibiting the vasoconstrictive effect of L-NAME. 
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In case of treatment stared relatively later, the antihypertensive effect of palosuran was less manifested. We suppose that 
damaging effects of hypertension on blood vessels  increase  production of U-II  and enhance the endothelium-independent 
vasoconstrictive effect of urotensin [31]. 

In experimental rats the plasma rennin concentration (PR) at different stages of modelling of renovascular  hypertension was 
changed  compared to the norm (tab N3).  In particular,  after 1 week of disease modelling,  there was a tendency of  increase in PR 
by 4%;  On  2nd week,  PR was  increased significantly by 45%  (p <0.01);  In the 3rd  weeks of hypertension  increase in PR was 
relatively less - 42%  (р <0.01). By the 4th week PR decreased and  it was not statistically different compared to the norm;  After 8 
weeks, the PR  increased by 162% (p <0.001) and after 12 weeks the PR was increased extremely by 234% (р < 0,001). 

In healthy rats after administration of palosuran decrease in PR by 12% was not statistically significant.   Administration of L-
NAME in rats treated with palosuran showed only a tendency of increase in PR by 9% also, and compared to untreated hypertensive 
rats, decrease in PR by 4% PR was not statistically significant as well.   

In hypertensive rats treated with palosuran started 4 weeks after disease modelling, by the 8th  week  of hypertension, palosuran 
induced a statistically significant decrease in PR by 33% (p <0.01) compared to data from hypertensive, untreated rats. 
Administration of L-NAME in rats treated with palosuran showed a tendency of increase in PR by 9%.   PR was reduced by 26% 
(р <0,05) compared to data of untreated hypertensive rats. 

In hypertensive rats subjected to treatment with palosuran, started after 8 weeks of disease modelling, on the 12th week of 
hypertension PR was decreased by 24% (р <0.01) compared to control, untreated rats.  In treated rats injection of L-NAME increased 
PR by 30%.  Compared to the control, untreated rats, effect of L-NAME on PR was not statistically significant. 

Table N3   Plasma Renin concentration (PR) in healthy and hypertensive rats at different stages of hypertension after treatment 
with palosuran and  injections of L-NAME.    

N Groups 

Renin – PR  (ng / ml) 

Before treatment + Palosuran 
Palosuran 

+ L-NAME 

1 Healthy rats 1,72 ± 0,5 1,52 ±0,3 1,65 ±0,4 

2 1  week after hypertension modeling  1,79 ± 0,3 - - 

3 2  weeks after hypertension modeling  2,49± 0,4** - - 

4 3  weeks after hypertension modeling  2,45 ± 1,3** - - 

5 4  weeks after hypertension modeling  1,94 ± 0,1 - - 

6 8  weeks after hypertension modeling  4,5 ± 1,4*** 3,02 ± 0,9** 3,32 ± 0,5* 

7 12 weeks after hypertension modeling  5,75 ± 1,5*** 4,39 ±1,5** 5,71 ±1,2 

    

* −  р < 0,05 ,  ** −  р < 0,01,   *** −  р < 0,001 
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Thus, the experiment revealed that changes in PR  were observed at different stages of modelling of renovascular arterial 
hypertension, compared to PR in hypertensive rats. In particular, by the 2nd and 3rd weeks after disease modelling, PR was increased 
almost uniformly compared to the norm, 1.45-fold and 1.42-fold, most likely due to renal ischemia. 

4 weeks after modelling of hypertension PR  decreased and it was not different from the PR of healthy rats. Although PR was 
within the normal range that could be explained by a second, intact kidney-compensatory mechanism decreasing renin production 
[32], [33], the BP was remained at high levels. 

High arterial pressure which was revealed by experiment in the presence of relatively low PR could be explained by increase in 
blood osmotic pressure, increase in circulating blood volume and increase in vascular basal tone  due to hyperproduction of 
aldosterone, leading to the increased sodium reabsorption with further increase in blood osmolality and increased production of 
antidiuretic hormone, stimulating secretion of adrenocorticotropic hormone and potentiating peripheral vasoconstriction [34], [35]. 

The increase in basal tone supposedly is caused by an increase in the amount of sodium in the blood vessel walls, leading to the 
water retention causing their swelling and thickening.  In addition, sodium increases the sensitivity of α-adrenoceptors  in blood 
vessel walls in response to catecholamine. Aldosterone also facilitates the release of norepinephrine from the sympathetic nerve 
endings and as a result, increases vascular neurogenic tone also [36], [37]. 

By the 8th week of disease modelling, PR was increased 2,6-fold compared to the norm, and 3.34-fold by the 12th week of 
hypertension correlating with the data of systemic blood pressure and MAP. 

Palosuran produced significant decrease in PR in all study group animals compared to control (especially in  case of early onset 
of treatment), except in healthy rats, where only a tendency of decrease in PR was observed. 

 In healthy rats after administration of palosuran arterial pressure and PR were not changed significantly that could be explained 
by the fact that urotensin production is relatively low in healthy rats, hence the effects of the palosuran is less respectively. It should 
also be noted that in healthy rats, both palosuran and L-NAME were administered at a single dose and samples were taken 2 hours 
after injection of preparations. The hypotensive effect of palosuran supposedly develops due to its vasodilatatory effect, which later 
is reflected on renin production. Probably, this short period of time (2 hours) at single administration of the drugs is not sufficient 
for the reliable changes in PR. The same could be said for the tendency of increase in PR after injection of L-NAME in treated rats. 

The decreasing effect of palosuran on PR was revealed in both, early-onset and late-onset of treatment  by 8th  and 12th weeks 
of hypertension, but PR was significantly lower at early onset of treatment than at late-onset of treatment.  

V. CONCLUSION:  

Based on the results of experiments could be concluded that palosuran reveals the hypotensive effect in both, healthy and 
hypertensive rats. The vasodilating effect of palosuran exceeds the inhibitory effect of L-NAME on NO and the urotensin-induced 
endothelium-independent vasoconstrictive effect, especially in the early stages of hypertension.  At stable hypertension the PR 
progressively increases compared to the norm. Palosuran significantly decreases PR compared to untreated, hypertensive rats, which 
is maintained in case of administration of L-NAME, except for late-onset of treatment. Palosuran might represent a new therapeutic 
option in individuals with hypertension disease. 
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