
INTRODUCTION

Urocortin 2 (Ucn2) is a 38aa vasoactive peptide belonging to
the corticotropin-releasing hormone (CRH) family of peptides,
together with Ucn1 and Ucn3. These peptides share structural
similarities with CRH - a hormone playing a crucial role in
regulating the body response to stress. Urocortins were first
discovered in rats, and later found also in humans (1-3). The
effects of urocortins are mediated by the G-protein -coupled
CRH receptor 1 (CRH-R1) and CRH-R2 and Ucn2 binds
selectively to CRH-R2 (4). Both the ligand and the receptor are
widely distributed throughout the brain and peripheral tissues,
with strong cardiac and vascular expression (5). A range of
diverse biological effects of Ucns has been identified since their
discovery, including protective cardiovascular effects (6, 7).

Recent studies have shown that urocortins cause
vasodilation (8) and have positive inotropic and lusitropic effects
(9, 10). Moreover, they have cardioprotective effects against
ischemia-reperfusion injury (11, 12). Beneficial hemodynamic
effects such as the lowering of blood pressure and systemic
peripheral resistance, an increase in cardiac output and cardiac

contractility were also reported (13, 14). Moreover, Ucn2 causes
suppression of the renin-angiotensin system and may have
effects on the sympathetic nervous system (15-17). This was
documented in experimental animal models, in healthy subjects
and in patients with heart failure (18).

Among these effects, the vasodilation caused by urocortins
is considered the most important and prospective one (19-21).
Chen et al. demonstrated that urocortins produced both
endothelium-dependent and endothelium-independent smooth
muscle relaxation in the human internal mammary artery (22).
Though largely unknown, the mechanisms of urocortin-
mediated vasodilation may be diverse (19, 20, 23, 24). It has also
been reported that urocortins reduced plasma angiotensin II
levels in a sheep heart failure model (15, 16). furthermore,
similarly to angiotensin-converting enzyme inhibitors (25),
urocortins also showed protective effects on endothelial function
(20, 26). These reports led to the hypothesis that there might be
a relationship between urocortins and blood and/or tissue
angiotensin converting enzyme (ACE) activity, thus suggesting
that vasodilation caused by urocortins may be in part due to their
effects on ACE activity and therefore on angiotensin II levels.
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Urocortin 2 (Ucn2) - corticotropin-releasing hormone receptor 2 signalling has favourable effects in the cardiovascular
system, including vasodilation, lowering of blood pressure and systemic peripheral resistance, increase in cardiac output
and cardiac contractility, as well as cardioprotection against ischemia-reperfusion injury. Vasodilation and lowering of
blood pressure seem to be very interesting and important effects, but their mechanism and interaction with the
antihypertensive drugs have not been evaluated. The aim of the present study was to assess the relationship between Ucn2
concentration and antihypertensive therapy in patients with primary hypertension. We examined a group of 65 patients with
primary hypertension receiving at least 3 antihypertensive drugs. In all of them plasma level of Ucn2, anthropometric
measurements, biochemical tests, ambulatory blood pressure monitoring (ABPM), and echocardiography were performed.
There were no differences in Ucn2 level related to beta-blockers, calcium channel blockers or diuretics, but we observed
that in patients treated with angiotensin converting enzyme inhibitors (ACEI) (n = 52) serum Ucn2 levels were significantly
higher than in patients treated with angiotensin-receptor blockers (ARBs) (n = 13) (10.93 versus 5.56 ng/mL; P < 0.05).
Moreover, we did not observe any differences in terms of blood pressure on ABPM, biochemical measurements, left
ventricular mass index, or presence of diabetes. In addition, in a small subgroup receiving alpha-blockers we also found a
lower level of Ucn2, with coexisting higher systolic blood pressure at night, higher left ventricle mass index (LVMI) and
more frequent occurrences of diabetes compared to non-alpha-blockers. Our findings suggest that the hypotensive action
of renin-angiotensin-aldosterone system blockade may be related to the urocortin system. Ucn2 may be an important
element in the mosaic of blood pressure-lowering factors in patients treated for essential hypertension.
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To our knowledge, no studies published to date have
investigated the relationship between antihypertensive therapy
and the level of Ucn2 in patients with essential hypertension.

The aim of our study was to explore the relationship between
levels of Ucn2 and selected antihypertensive agents in patients
treated for primary hypertension.

MATERIALS AND METHODS

Study population

Our study included 65 patients with essential hypertension.
All participants were recruited from the Hypertension Outpatient
Clinic and Primary Care Clinic of the University Hospital in
Cracow. The inclusion criteria were: age over 18 years old, written
informed consent, willingness for cooperation, essential
hypertension currently treated with at least three antihypertensive
agents in optimal doses including a drug acting on renin-
angiotensin-aldosterone-system (RAAS) (an ACEI or an ARB).
The exclusion criteria were: secondary hypertension, systolic
heart failure, chronic kidney disease, inflammation, neoplasm.

The study protocol was approved by the Bioethical
Committee of Jagiellonian University Medical College (nr.
151/B/2012).

Study protocol

All patients completed a questionnaire including history of
hypertension, current antihypertensive treatment, other
medications, comorbidities, and tobacco smoking. The
examination consisted of anthropometric measurements, and
subsequently body mass index (BMI) and waist to hip ratio
(WHR) were calculated.

Blood pressure measurements

Office blood pressure (BP) measurements and 24-hours
ambulatory blood pressure monitoring (ABPM) were performed
according to the ESH guidelines (27). The validated devices for
ABPM (Spacelabs 90207 and 90217; Spacelabs Healthcare Inc.,
Washington, USA) were programmed to obtain BP readings
every 20 minutes during the day (from 6 am to 10 pm) and every
30 minutes during the night (from 10 pm to 6 am). ABPM data
were valid if the number of successful readings exceed 70%.
Daytime and nighttime periods were defined based on the
subject’s diary. Hypertension was defined as treatment-resistant
if averaged BP level was ³ 130/80 mmHg during 24-hour and/or
³ 135/85 mmHg during the daytime and/or ³ 120/70 mmHg
during the nighttime.

Office BP measurements were performed twice during one
visit in 1 – 2-minute interval, in a sitting position, after a 10
minute rest, using a validated device (OMRON 705 IT, Omron
Healthcare, Japan).

Blood analyses

We measured serum biochemical parameters after ten hours
of fasting. The measurements included plasma aldosterone and
plasma renin activity (PRA). We also assessed: a complete blood
count with differential count, serum levels of glucose, creatinine,
cholesterol, glycated haemoglobin (HbA1c), insulin, high
sensitivity C-reactive protein (hsCRP), and N-terminal
prohormone of brain natriuretic peptide (NTproBNP).
Glomerular filtration rate was estimated using the MDRD
equation. Diabetes was defined on medical history and a
presence of hypoglycaemic therapy.

Urocortin 2 measurements

Duplicate measurements of serum Ucn2 levels were
performed using Ucn2 ELISA Kit according to the
manufacturer’s instructions (Cloud-Clone, USA). Ucn2 serum
(100 µl) was used per well. The readings were made at 450 nm
and 2 Parametric Linear fit was used for the calculation of the
results. The minimum detectable amount of Ucn2 was less than
48.6 pg/mL.

Left ventricle assessment

Standard echocardiography was performed in each patient
using the Vivid 3 device (General Electric, fairfield, Connecticut).
Left ventricular volume was measured in apical 4-chamber view
using a modified Simpson’s rule. Data were stored digitally for
subsequent analysis of left ventricle ejection fraction (LVEf), left
ventricle mass index (LVMI) and left atrium volume index
(LAVI).

Statistical analysis

The data were summarised as mean ± standard deviations
(SD) for variables with normal distribution and as median (25th

– 75th percentiles) for variables with skewed distribution or
ordinal variables. The normality of distribution was confirmed
using the Shapiro-Wilk test. Categorical data were presented as
numbers and percentages. Independent groups were compared
using Student’s t-test or the Wilcoxon rank-sum test. To compare
proportions, the Chi-square and fisher exact tests were used.
The relationships between Ucn2 concentrations and other
measurements were assessed using the Spearman correlation
coefficient. Two-sided P-value < 0.05 was considered
significant. All statistical analyses were performed using SAS
v.9.3 software (SAS Institute Inc., Cary, NC, USA) licensed to
the Jagiellonian University, Cracow, Poland.

RESULTS

Baseline characteristic of the studied population

The median age of the 65 studied patients was 58 years, and
men accounted for 49% of the subjects (Table 1). The median
period of hypertension duration was 10 years. Almost 39% of the
group had treatment-resistant hypertension. In the studied
population, the most commonly used antihypertensive agents
were, in order of occurrence: diuretics, ACEIs and calcium-
channel blockers. Only 15% were treated with alpha-blockers
(Table 1).

Correlation analysis revealed no correlations between Ucn2
levels and analysed variables including age, duration of
hypertension, BP values measured using ABPM, LVEf, LVMI.
Moreover, no significant correlations were found between Ucn2
and RAS parameters (PRA, aldosterone) as well as other
biochemical parameters (glucose, HbA1C, insulin, eGfR,
NTproBNP, hsCRP).

Relationship between urocortin 2 level and type of
pharmacotherapy

Each participant of the study received a drug acting on RAAS
- it was ACEI (n = 52) or ARB (n = 13). When the concentration
of Ucn2 was analysed according to antihypertensive therapy
(Table 2), we observed that in patients treated with ACEIs serum
Ucn2 levels were significantly higher than in patients treated with
ARBs (10.93 versus 5.56 ng/mL; P < 0.05). We also observed
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differences in Ucn2 levels according to the usage of alpha-
blockers. However, only 15% of the studied group were treated
with alpha-blockers.

There were no differences in Ucn2 levels depending on use
of beta-blockers, calcium channel blockers or diuretics.

It should be noted that there was no patient who would not
receive a drug acting on RAAS, each participant received ACEI
(n = 52) or ARB (n = 13). In view of the observed significant
difference in the concentration of Ucn2 between patients
receiving ARB and ACEI, a comparative analysis of these
groups was conducted. No differences of analysed parameters
were found between such isolated groups (Table 3).

Moreover, no differences between these groups were found
with respect to LVEf, LAVI, level of NTproBNP, CRP, HbA1C,

presence of diabetes, use of statins and other antihypertensive
agents. The proportions of patients with treatment-resistant
hypertension were similar in both groups.

The most commonly used drugs from the ACEI group were
ramipril 10 mg and perindopril 10 mg. Amongst ARB, valsartan
160 mg was the most widely used. (Table 4 and Table 5).

Considering the significant difference in Ucn2
concentration, we turned our attention to the group of alpha-
blocker users and compared them with patients who did not
receive this medication.

It was a small group of patients (n = 10, which is 15% of the
analysed population), in which there was a significantly lower
level of Ucn2. In addition, subjects treated with alpha-blockers
exhibited resistant hypertension more often, and took more
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Parameter n = 65 
Cardiovascular risk factors  

Age [years] 58 (50 – 63) 
Male [n, %] 32 (49.2) 
BMI [kg/m2] 29.5 ± 4.2 
WHR 0.94 ± 0.08 
Tobacco smoking [n, %] 12 (18.5) 
SBP-24h [mmHg] 126 (119 – 134) 
DBP-24h [mmHg] 75.5 ± 8.4 
Diabetes [n, %] 18 (27.7) 

Pharmacotherapy  
Statin [n, %] 36 (55.4) 
ACEi [n, %] 52 (80) 
ARB [n, %] 13 (20) 
Calcium-channel blocker [n, %] 45 (69.2) 
Beta-blocker [n, %] 40 (61.5) 
Diuretic [n, %] 61 (93.8) 
Alpha-blocker [n, %] 10 (15.4) 

Echocardiography  
EF [%] 70.2 ± 8.8 
LVMI [g/m2] 99.7 ± 20.4 
LAVI [mL/m2] 21.6 ± 5.5 

Biochemistry   
Ucn2 [ng/ml] 8.75 (2.99 – 14.16) 
NTproBNP [pg/mL] 56.2 (36.4 – 128.8) 
PRA [ng/mL/h] 2.1 (0.77 – 4.45) 
Aldosterone [pg/mL] 143.5 (86.5 – 218.3) 
Glucose [mmol/L] 5.6 (5.1 – 6.3) 
Total cholesterol [mmol/L] 4.9 ± 0.97 
Insulin [mmol/L] 12.0 (8.2 – 17.8) 
hsCRP [mg/dL] 1.2 (0.75 – 3.07) 
HbA1c [%] 5.9 (5.5 – 6.2) 
Cortisol [µg/dL] 15.7 (12.8 – 20.5) 
eGFR [MDRD] 86.8 ± 15.7 

 

 
Data are presented as means ± standard deviation, median and (upper-lower quartile) or numbers (percentages).
Abbreviations: ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BMI, body mass index; DBP-
24h, 24hours diastolic blood pressure; eGfR, estimated glomerular filtration rate (using the MDRD, Modification of Diet in Renal
Diseases equation); HbA1c, glycated haemoglobin; hsCRP, high sensitivity C-reactive protein; LAVI, left atrium volume index; LVEf,
left ventricular ejection fraction; LVMI, left ventricular mass index; NTproBNP, N-terminal prohormone of brain natriuretic peptide;
PRA, plasma renin activity; SBP-24h, 24 hours systolic blood pressure; Ucn2, urocortin 2; WHR, waist to hip ratio.

Table 1. Baseline characteristic and antihypertensive therapy of studied group.



hypotensive drugs. In addition, they were characterised by
higher SBP at night, higher LVMI, and diabetes was more
common, compared to non-alpha-blockers.

No differences were observed in the scope of other analysed
variables.

DISCUSSION

In principle, there are no data in the literature regarding the
effects and levels of Ucn2 and antihypertensive therapy in
patients treated for cardiovascular diseases. The results that are
presented are sparse and concern only the animal model of heart
failure, whereas there is a lack of such data in individuals with
hypertension.

A New Zealand Christchurch research group has revealed
that Ucn2 cotreatment with furosemide administered in sheep
with heart failure enhanced hemodynamic and renal function and
diuretic responsiveness (without additional potassium depletion)
better than furosemide alone (28).
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Medication Median Ucn 2  
(ng/ml) 

 
P 

ACEI (n = 52) 10.93 (4.17 – 16.46) 
0.027 

ARB (n = 13) 5.56 (1.76 – 10.42) 
Calcium-channel blocker Yes (n = 45) 8.17 (2.88 – 14.16) 

0.532 
No (n = 20) 9.67 (5.7 – 14.48) 

Beta-blocker Yes (n = 40) 6.91 (2.97 – 14.09) 
0.420 

No (n = 25) 11.14 (4.17 – 15.34) 
Diuretic Yes (n = 61) 8.16 (2.91 – 14.15) 

0.353 
No (n = 4) 12.52 (7.55 – 19.13) 

Alpha-blocker Yes (n = 10) 2.29 (1.39 – 8.57) 0.009 No (n = 55) 10.67 (4.90 – 14.86) 
 

          
   

Abbreviations: ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker.

Table 2. Ucn2 level according to antihypertensive therapy.

            

Parameter ACEI 
(n = 52) 

ARB 
(n = 13) 

P 

Age [years] 58.5 (46.5 – 63.0) 57.5 (53.5 – 63.0) 0.531 
0.925 
0.322 
0.971 
0.345 
0.651 
0.697 
0.618 
0.866 
0.495 
0.678 
0.491 
0.446 
0.423 

Male [n, %] 29 (56) 3 (23) 
BMI [kg/m2] 
SBP-24h [mmHg] 
DBP-24h [mmHg] 
LVEF [%] 
LVMI [g/m2] 
Glucose [mmol/L] 
Insulin [mmol/L] 
Total cholesterol [mmol/L] 
eGFR [MDRD] 
Cortisol [µg/dL] 
Aldosterone [pg/mL] 
PRA [ng/mL/h]  

29.3 ± 4.4 
126 (119 – 133.5) 

75.65 ± 8.11 
69.5 ± 9.0 

100.0 ± 20.5 
5.6 (5.1 – 6.2) 

11.76 (7.65 – 17.76) 
4.9 ± 1.02 

87.37 ± 15.4 
16.22 (13.2 – 20.4) 

140.8 (88.7 – 201.8) 
2.3 (0.77 – 5.17) 

30.0 ± 3.3 
124 (118 – 141) 

74.77 ± 9.96 
73.1 ±7.8 

98.8 ± 20.9 
5.57 (4.74 – 6.25) 

12.57 (10.12 – 17.42) 
4.94 ± 0.77 
84.3 ± 17.3 

15.69 (11.0 – 21.06) 
179.4 (113.8 – 286.4) 

1.78 (0.57 – 3.78)  
 

               
          

             
            

             
   

 
 

Data are presented as mean ± standard deviation (SD) or median (upper-lower quartile).
Abbreviations: ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BMI, body mass index; DBP-
24h, 24hours diastolic blood pressure; eGfR, estimated glomerular filtration rate (using the MDRD equation); LVEf, left ventricle
ejection fraction; LVMI, left ventricular mass index; PRA, plasma renin activity; SBP-24h, 24hours systolic blood pressure.

Table 3. Characteristics of patients with hypertension treated ACEIs and ARBs.

            

 

Medication Median dose 
[mg] 

N = 65 

ACEI  N = 52 
ramipril 10 26 
perindopril 10 16 
enalapril 20 1 
trandolapril 2 1 
lisinopril 20 5 
zofenopril 30 3 
ARB  N = 13 
valsartan 160 11 
losartan 100 2 

 

           

   

Abbreviations: ACEI, angiotensin converting enzyme inhibitor;
ARB, angiotensin II receptor blocker.

Table 4. ACEI and ARB used in the study group.



Rademaker et al. studied the combined administration of
Ucn2 and captopril, an ACEI, in an experimental heart failure
model in sheep. The effects of Ucn2 and captopril were assessed
both jointly and separately. Ucn2 and captopril alone increased
cardiac output (CO) and reduced BP, left atrial pressure (LAP)
and peripheral vascular resistance (PVR) compared with
controls. Compared with either treatment alone, the combined
treatment further improved cardiac CO and reduced cardiac
preload, with no further falls in BP (29). The same research
group has also found that Ucn2 cotreatment with a
mineralocorticosteroid receptor antagonist - canrenoic acid in
animal heart failure model further improved hemodynamics
relative to that achieved by canrenoic acid alone, while also

reducing PRA, angiotensin II, aldosterone and vasopressin
levels, and enhancing renal function (30).

Ucn2 coupled with beta-blockade in experimental heart
failure improves CO and mean arterial pressure (MAP), sustains
HR, reduces PVR, LAP, aldosterone level and augments renal
function (31).

The Table 7 presents a summary of the studies carried out on
animal models assessing the effects of Ucn2 and drugs acting on
various parameters of the cardiovascular system. Available data
refer to the animal model of heart failure.

To our knowledge, it is the first study analysing Ucn2
concentration in patients treated for hypertension. Our study
demonstrated that Ucn2 levels in patients with hypertension
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Medication ACEI 
(n = 52) 

ARB 
(n = 13) 

P 

Statins [n(%)] 27 (52) 9 (69) 0.322 
Calcium antagonists [n (%)]  36 (69) 9 (69) 1.000 
Beta-blockers [n (%)] 32 (62) 8 (62) 1.000 
     Metoprolol [n (%)] 10 (21) 2 (15) 1.000 
     Bisoprolol [n (%)] 14 (27) 3 (23) 1.000 
     Nebivolol [n (%)] 6 (12) 2 (23) 0.368 
Diuretics [n (%)] 48 (92) 13 (100) 0.697 
     Hydrochlorothiazide [n (%)] 18 (35) 7 (54) 0.234 
     Indapamide [n (%)] 29 (56) 7 (54) 0.852 
     Furosemide [n (%)] 1 (2) 1 (8) 0.363 
     Spironolactone [n (%)]  2 (4) 1 (8) 0.471 
Alpha-blocker 6 (12) 4 (31) 0.101 

 

 

          
 

Abbreviations: ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker.

Table 5. Other hypotensive drugs used in the ACEI and ARB groups.

             

   

 

 
Parameter 

Alpha-blockers 
(+) 

(n = 10) 

Alpha-blockers  
(–) 

(n = 55) 

 
P 

Age [years] 49.7 ± 7.65 55.7 ± 11.0 0.123  
0.511  
0.038  
0.077  
0.164  
0.026  
0.049  
0.300  
0.435  
0.709  
0.026  
0.100  
0.423  
0.005  
0.000  
0.009  

Male [n, %] 6 (60) 26 (47) 
BMI [kg/m2] 
SBP-24h [mmHg] 
DBP-24h [mmHg] 
SBP-night24h [mmHg] 
LVMI [g/m2] 
Glucose [mmol/L] 
Total cholesterol [mmol/L] 
eGFR [MDRD] 
Diabetes [n, %] 
Aldosterone [pg/mL] 
PRA [ng/mL/h] 
Resistant hypertension [n, %] 
Number of hypotensive agents  
Ucn2 [ng/ml] 

32.1 ± 3.32 
134.3 ± 12.13 
77.5 ± 7.70 

124.3 ± 11.33 
112.8 ± 15.15 

5.70 (5.3 – 6.8) 
5.14 ± 1.26 

88.60 ± 17.21 
6 (60) 

249.5 ± 190 
1.9 (0.2 – 4.7) 

8 (80) 
4.5 (4 – 5) 

2.29 (1.39 – 8.57) 

29.0 ± 4.19 
126 ± 12.44 
75.10 ± 8.57 
113.6 ± 13.95 
97.6 ± 20.45 

5.53 (4.91 – 6.25) 
4.87 ± 0.91 

86.47 ± 15.57 
12 (22.6) 

168.7 ± 125.6 
2.14 (0.8 – 4.3) 

17 (30.9) 
3 (3 – 3) 

10.67 (4.90 – 14.86) 
 

             

   

A              

             

           

             

Data are presented as means ± standard deviation, median and (upper-lower quartile) or numbers (percentages).
Abbreviations: BMI, body mass index; eGfR, estimated glomerular filtration rate (using the MDRD, Modification of Diet in Renal
Diseases equation); LVMI, left ventricular mass index; DBP-24h, 24hours diastolic blood pressure; SBP-24h, 24 hours systolic blood
pressure; SBP-night24h, mean night systolic blood pressure; PRA, plasma renin activity; Ucn2, urocortin 2.

Table 6. Characteristics of patients with hypertension treated with alpha-blockers and without alpha- blockers.



treated with ACEIs were higher than in those treated with ARBs.
Also the group of patients receiving alpha-blockers was
characterised by a lower level of Ucn2 comparing to subject
without alpha-blockers. No other antihypertensive drugs such as
diuretics, calcium channel blockers or beta-blockers were related
to the Ucn2 concentration.

Urocortin 2 and renin-angiotensin-aldosterone-system

Interestingly, the groups treated with ACEIs and ARBs did
not show any significant differences with respect to age, sex,
biochemical parameters, BP values, severity of organ damages,
concomitant medications or comorbidities except the Ucn2 level
just mentioned.

This may suggest a possible association between the Ucn2
effects and RAAS activation/suppression.

It has been demonstrated that urocortin produced both
endothelium-dependent and -independent vasodilation (22). The
endothelium-dependent component of vasodilation is primarily
mediated through endothelial nitric oxide (NO) that most likely
causes cGMP-dependent activation of potassium and calcium
channels in vascular smooth muscle cells (20, 22, 32).

The endothelium-independent component of relaxation is
produced by urocortins via different mechanisms, namely Ca2+

dependent potassium channel activation (22, 33), nickel-
sensitive Na+-Ca2+ exchanger (19), cAMP-dependent signalling
pathway (23), and activation of MAPK pathway (34).

Interesting data is provided by research conducted by Yang
et al. demonstrating the interaction of Ucn2 and ACEIs. The
results of their study suggest that effects of ACEIs and Ucn2
may be similar in many aspects. The authors investigated the
relationship between urocortin and the activity of ACE. They
assessed short-term and long-term administration of urocortin to
Sprague-Dawley (SD) rats and measured serum ACE levels.
Urocortin reduced serum ACE levels one hour after
administration. Long-term administration of urocortin was
associated with an increase in ACE activity, but serum ACE
concentrations continued to be low. Corticotropin releasing
factor (CRf) receptor blocker, astressin, abolished the effects of
urocortin. Extracellular signal-regulated kinase 1/2 (ERK1/2)
pathway blocker, PD98059, also markedly inhibited these
effects, suggesting that in rats urocortin affects the activity of
ACE through the ERK1/2 pathway. These findings support the
changes in MAP following short-term and longer administration
of urocortin (35). This suggests that alterations in ACE activity
and angiotensin II production may be in part responsible for
vasodilation caused by urocortin.

Another study by this group of researchers investigated the
effects of chronic administration of urocortin on ACE and other
components of RAAS. The authors administered urocortin to
spontaneously hypertensive rats (SHR) for 8 weeks and

measured serum and tissue ACE, angiotensin II, nitric oxide,
angiotensin(1-7), and tissue chymase levels. They found reduced
serum ACE levels and elevated tissue ACE levels.
Administration of urocortin caused reduction in serum and tissue
angiotensin II levels, but NO and angiotensin (1-7) levels
increased in a concentration-dependent manner. Moreover, an
essential decrease in systolic BP was seen after a long-term
administration of urocortin and a significant positive correlation
between serum ACE level and systolic BP was found.
Pretreatment with astressin, a CRf blocker, and PD98059, an
ERK1/2 pathway blocker, abolished these effects of urocortin.
These findings also support the hypothesis that changes of ACE
activity and other RAAS components may play a role in
vasodilation caused by urocortin via the activation of the
ERK1/2 pathway (36).

The half-life of Ucn-2 is approximately 10 min in healthy
humans (1). Administration of Ucn-2 was associated with an
increase in ACE activity (35). We hypothesize that inhibition of
ACE by ACEI may be connected with decrease inactivation of
endogenic Ucn-2, because our patients treated with ARB
presented low levels Ucn2. However, it needs further studies.

It is worth noting that RAAS blockade, at various stages,
leads to beneficial haemodynamic effects, but also improves
oxidative stress parameters as well as antithrombotic parameters.
In the experimental study in hypertensive rats authors considered
the beneficial antiplatelet and antioxidative effects of combined
treatment of spironolactone and quinapril administration on
thrombosis, hemostasis and oxidative stress (37). In turn, Deska
and Nowicki demonstrated in their work the interesting effect of
treatment with ACEI administered alone or in a combination
with statin on changes in serum potassium concentration
suggesting that these treatments are safe and do not increase the
potential risk of hyperkaliemia in hypertensive patients (38).
Honjo et al. reported in their research that endothelial urocortin
was upregulated by inflammatory cytokines and pitavastatin and
suppressed reactive oxygen species production in human
umbilical vein endothelial cells. Treatment with pitavastatin
(healthy volunteers) increased the serum urocortin level in
human subjects. Thus, endothelial urocortin might protect
cardiomyocytes in inflammatory damages. Urocortin might
partly explain the mechanisms of various pleiotropic effects of
statins (39). The significance of urocortin in cardioprotection
regarding the area of hemodynamics, as well as oxidative stress
and hemostasis is presented in numerous reviews (1, 18).

Urocortin 2 and alpha-blockers

A comparative analysis of only ten patients receiving alpha-
blockers, with others not taking these medications, revealed that
apart from a significantly lower Ucn2 level, subjects treated with
alpha-blockers more often had resistant hypertension, and took
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Combination Actions Ref. 
Ucn2 + ACEI BP ↓; vasopressin ↓; renin ↓; aldosterone ↓; endothelin 1↓ (30) 
Ucn2 + ARI SVR ↓; right atrium pressure ↓; diuresis ↑; sodium excretion ↑; 

potassium levels ↓; vasopressin ↓;renin ↓;aldosterone ↓; Ang II ↓ 
(31) 

Ucn2 + metoprolol Cardiac output ↑; SVR ↓ (32) 
Ucn2 + furosemide BP ↓; vasopressin ↓; renin ↓; natriuretic peptides ↓; diuresis ↑, 

sodium excretion ↑ 
(29) 

 

           

            

    

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; Ang II, angiotensin II; ARI, aldosterone receptor inhibitor; BP, blood
pressure; RA, right atrium; SVR, systemic vascular resistance, Ucn2, urocortin2.

Table 7. Combination of Ucn2 and other medications in animal models with cardiovascular disease.



more hypotensive drugs. They were also characterised by higher
systolic blood pressure at night, higher LVMI and a more
frequent occurrence of diabetes compared to non-alpha blockers.
The explanation of this phenomenon may be multifactorial. We
can consider a possible relationship between the mechanism of
alpha blockade and plasma Ucn2 concentration. Also, the low
Ucn2 level in this group may be secondary to a very high global
cardiovascular risk, advanced hypertensive organ damages,
difficult to control hypertension, and multidrug therapy. The
alpha-blocker in these patients was another added
antihypertensive agent - as a third-line therapy for resistant
hypertension.

The blocking of post-synaptic alpha1 receptors causes
diastole both of arterial vessels and capacitive veins. Alpha-
adrenergic blockers inhibit the reaction of adrenergic receptors
to catecholamines. This class of drugs is particularly beneficial
to patients in whom increased vascular resistance is due to
increased smooth muscle tone (40).

In von Kanel’s study, the blockade of a-adrenergic receptors
in normotensive humans partly attenuated norepinephrine
cardiovascular effects during mental stress and could be implied
to have preventive potential in susceptible individuals (41).
Charles et al. in their study on animal model have reported the
effects of Ucn2 on sympathetic nerve activity. Intravenous Ucn2
administration to conscious sheep induced a potent inhibition of
sympathetic traffic (17). fetterly and coworkers in their work on
an experimental animal model showed that it is possible to
influence the adrenergic alpha receptor on stress axis activity.
Activation of alpha receptors inhibits the activation of
corticotropin releasing factor (CRf) signaling and CRf neurons
in the bed nucleus of the stria terminalis. It can therefore be
assumed that their inhibition of alpha receptors will be
associated with the activation of the CRf system and the same
may modulate the urocortin system (42). Determining whether
the low level of Ucn2 in the group of alpha-blockers results from
the effect of the drug, or is secondary to the higher percentage of
refractory hypertension, diabetes, worse control of systolic
blood pressure at night, greater LVMI or more antihypertensive
drugs co-existing in this group is not possible in such a small
sample and requires further investigations.

Other hypotensive treatment and urocortin 2

To date, no studies were identified assessing relationships
between angiotensin AT1 receptor blocker and Ucn2 effects. A
hypothesis assuming that different points of blockade of RAAS
by ACEIs and ARBs is related to changes in plasma Ucn2 levels
needs further study and verification. Also, no studies have been
identified analysing the relationship between calcium blocker
and Ucn2 nor thiazide diuretics and Ucn2.

Limitations and strength of this study

Our study has several limitations. The population of patients
was small, and the number of patients treated with ACEIs was
significantly higher than those treated with ARBs. Our results
need to be confirmed in a larger population.

It should also be noted that apart from the agents affecting
RAAS the patients also received other drugs, including diuretics,
calcium channel blockers, beta-blockers, alpha-blockers, and
statins (Tables 5 and 6). Possible effects of these agents on the
urocortin system must be taken under consideration, although in
our study there were no differences between the groups with
respect to therapy using these drugs.

This study was designed as cross-sectional. In this type of
study, it is impossible to assess the direction of causality between
measured variables. The cross-sectional design of the current

study, although cost-effective and convenient, precludes the
determination of causality. Unfortunately, revealing cause-and-
effect relationships between measured variables seems to be
crucial to fully understand results. Therefore, we are convinced
that future research in this field should consider longitudinal data.

We are aware that the results should be treated with caution,
but at the same time we pay attention to the growing number of
publications on the beneficial effects of Ucn2 and its involvement
in the pathophysiology of the cardiovascular system.

Our study is the first to present Ucn2 serum concentration in
a group of patients treated for hypertension. The observed
phenomenon of higher Ucn2 plasma level in the group treated
with ACEIs versus ARB is an interesting element in the
understanding and broadening of knowledge about the effects of
Ucn2 in the group of hypertensive patients. Different levels of
serum Ucn2 in ACEI and ARB groups may suggest a significant
role of Ucn2 in the mechanisms of RAAS blockade in patients
with hypertension. The observed lower levels of Ucn2 in the
group of patients on alpha-blockers indicate a need for further
research, as it is not possible to determine whether the low level
of Ucn2 can be attributed to taking alpha-blockers or to the
advanced stage of arterial hypertension.

Our findings support the results of previously published
experimental studies on the role of Ucn2 and RAAS system
blockade. Ucn2 may be an important element in the mosaic of
blood pressure-lowering factors in patients treated for essential
hypertension.
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