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různého pohlaví. Antihypertenzní terapie probíhala 
po dobu 21 dnů. Léčiva byla podávána denně v  níz-
kých terapeutických dávkách, které byly pro potkany 
vypočteny pomocí koeficientu druhové citlivosti. Byl 
zjištěn vliv pohlaví na průběh experimentální hyper-
tenze a výraznější hladina metabolitů NO u samců dle 
krevního tlaku. Použití ramiprilu ze skupiny ACE inhib-
itorů a candesartanu ze skupiny ARBs u experimentál-
ní hypertenze u  potkanů vykazuje rozdíly v  závislosti 
na pohlaví. Ramipril je pravděpodobně účinnější při 
normalizaci krevního tlaku a  endoteliálních funkcí 
u  samců ve srovnání se samicemi. Užívání candesar-
tanu neprokázalo významné rozdíly mezi pohlavími, 
ale u samic byla pozorována tendence vyššího účinku 
než u samců. Za účelem optimalizace léčby je třeba vzít 
v  úvahu zjištěné rozdíly mezi pohlavími ve farmako- 
terapii hypertenze.
Klíčová slova: hypertenze • mezipohlavní rozdíly • 
ramipril • candesartan

Introduction

Today, there are more and more scientific studies 
on the gender features of the pathogenesis and 
pharmacotherapy of cardiovascular system diseases 
(CVD), including hypertension1, 2). Research in recent 
decades has shown that sex steroid hormones and 
their receptors are, at least in part, determinants of sex 
differences in cardiovascular outcomes. In particular, 
it is well known that hormone receptors, including 
estrogen, progesterone, and androgen receptors, are 
expressed in the vascular system; and the female sex 
hormone estrogen has a cardioprotective effect3, 4).

Epidemiological studies show that women with 
a  preserved menstrual cycle are more protected 
from CVD than men of the same age. In women, 
cardiovascular disease appears ten years later than in 
men, which coincides with the period of estrogen loss in 
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Summary

The article presents the results of a preclinical study of 
ramipril and candesartan in an experimental group of 
hypertensive rats of different sexes. Antihypertensive 
therapy was performed for 21 days. The drugs were 
administered daily in moderate therapeutic doses 
calculated for rats using the coefficient of species 
sensitivity. It was found that the course of experimental 
hypertension has gender differences, and in males, 
according to blood pressure, the level of NO 
metabolites is more pronounced. The use of ramipril 
from the group of ACE inhibitors and candesartan from 
the ARBs group in experimental hypertension in rats 
has gender differences. Ramipril is likely to be more 
effective in normalizing blood pressure and endothelial 
function in males than females. The use of candesartan 
did not show significant gender differences, but 
there was a  tendency for females to be slightly more 
effective than males. Established gender differences in 
hypertension pharmacotherapy should be considered 
to optimize treatment.
Key words: hypertension • gender differences • ramipril 
• candesartan

Souhrn

Článek prezentuje výsledky dosažené v  rámci pre- 
klinické studie podání ramiprilu a  candesartanu 
u  experimentální skupiny hypertenzních potkanů 
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were applied in the minimum therapeutic doses for 
humans, which were listed for rats using the coefficient 
of Rybolovlev12). The doses were 0.3 mg/kg and 0.2 mg/
kg for ramipril and candesartan, respectively.

To measure blood pressure (BP) in rats, a  non-
invasive blood pressure measurement system (Blood 
Pressure Analysis System sTM BP-2000 Series II, Visitech 
Systems, USA) with automatic temperature control in 
an immobilization tunnel consisting of a  computer 
with installed software and measuring instruments.

Studies of biochemical parameters were performed 
according to standard methods. Eighty rats were 
used in this study. The animals were kept in standard 
vivarium conditions. The research was conducted 
following the National General Ethical Principles of 
Animal Experiments (Ukraine, 2001), which comply 
with the provisions of the European Convention for the 
Protection of Vertebrate Animals Used for Experimental 
and Other Scientific Purposes (Strasbourg, 1986)13). The 
Commission on Bioethics did not find any moral and 
ethical norms violations during the research work.

The obtained experimental data were processed 
statistically using Student’s  t-test, using a  statistical 
analysis program (Version 6. AnalystSoft Inc., StatPlus14). 

Results and discussion

The primary indicator of the effectiveness of AH is the 
normalization of blood pressure. SHR rats received 
ramipril or candesartan monotherapy at moderate 
therapeutic doses. Blood pressure was studied on the 
7th and 21st days of the experiment (Table 1). 

According to the study, it can be concluded that males 
of reproductive age are more sensitive to the formation 
of hypertension than females of reproductive age, as 
verified by a probable increase in SBP and DBP in male 
rats by 5–7% (p ≤ 0.01) relative to female rats.

Treatment with ramipril also had statistically 
significant gender differences. In male rats, ramipril was 
more effective in reducing SBP and DBP on days 7 and 
21 of treatment. In female rats, ramipril was probably 
6–11% less effective (p ≤ 0.01) than males. It should be 
noted that, although gender differences were found 
in the normalization of blood pressure for ramipril, 
in female rats, ramipril was still effective against the 
group of control pathology (p ≤ 0.001).

When candesartan was administered, there was no 
statistically significant difference in the SBP and DBP 
normalization in hypertensive rats. Nevertheless, a slight 
trend toward higher efficacy in females was found.

The data obtained by us coincide with the clinical 
observation of Skybytsky et al., which showed that ACE 
inhibitor – zofenopril is more effective in men, while 
ARBs – valsartan better normalizes blood pressure in 
women15).

The lower efficiency of ACE inhibitors in females can 
be explained by the fact that women, in contrast to 
men, have less synthesis and activity of ACE inhibitors. 
Also, there is evidence that in women, PAS is activated 

postmenopausal women. The hormone estrogen acts 
through two classic estrogen receptors (ER): ERα and 
ERβ. In addition, recent studies show that G-protein-
bound ER may mediate some of the rapid action of 
estrogen in the vascular network5). These receptors 
mediate the action of steroid hormones through 
both genomic and rapid non-genomic influences. 
A  study by Hester et al. found that women are more 
susceptible to the development of pulmonary arterial 
hypertension (PAH). Female patients with PAH show 
better right ventricular function and increased survival 
than their male counterparts. A phenomenon is called 
the “estrogen paradox” 6). 

Gender differences also indicate arterial stiffness, 
which progressively increases with age and is 
an independent predictor of cardiovascular risk. 
Evidence suggests gender differences in the timing 
of age-related arterial stiffness and the associated 
risk of cardiovascular disease, which increases 
disproportionately in postmenopausal women. 
According to DuPont et al., the relationship between 
arterial rigidity and mortality in women is almost twice 
as high as in men7). Clinical manifestations of arterial 
stiffness suggest the presence of various sex-specific 
mechanisms, and there is evidence that with age in 
men and women, collagen content decreases. Still, the 
decrease in elastin in blood vessels is characteristic 
mainly of men. The relationship between arterial 
rigidity and mortality in women is almost twice as 
high as in men. Clinical manifestations of arterial 
stiffness suggest the presence of various sex-specific 
mechanisms, and there is evidence that with age in 
men and women, collagen content decreases. Still, the 
decrease in elastin in blood vessels is characteristic 
mainly of men8, 9).

Current strategies for treating hypertension (AH) are 
based on evidence-based medicine. A large number of 
clinical studies recommend prescribing drugs (LP) from 
the group of angiotensin-converting enzyme (ACE) 
inhibitors and angiotensin II receptor blockers (ARBs) 
from which antihypertensive therapy is started. ACE 
inhibitor ramipril and candesartan from the ARB group 
are widely used in medical practice10, 11). 

This experiment aimed to study possible gender 
characteristics of the effectiveness of ramipril and 
candesartan in experimental hypertension in rats.

Experimental part

The study was performed on laboratory rats of 
both sexes with spontaneous arterial hypertension 
(spontaneously hypertensive rats, SHR), weighing  
240–285 g (laboratory animal nursery “Biomodel- 
service”, Kyiv). Animals received ramipril (the 5 mg 
tablets manufactured by Merkle GmbH, Germany) and  
candesartan (the 4 mg tablets manufactured by 
Ranbaxy, India). The tablets were crushed into a  fine 
powder and given to the rats along with the diet. The 
studied drugs were administered as monotherapy. They 
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The second evaluation point was determining the 
gender differences in the ramipril or candesartan 
effects on coagulation and fibrinolysis in rats with 
hypertension (Table 2).

Based on the obtained data, it can be noted that 
hypertensive rats were characterized by a  significant 
shift in balance (blood clotting – fibrinolysis, in 
the direction of thrombosis). For both male and 

mainly by the ACE-independent pathway, with the 
participation of chymases, cathepsin G, the enzyme 
CAGE, and others. Tissue bioactive substances lead to 
the synthesis of angiotensin II16). 

Regarding the duration of antihypertensive therapy 
(Table 1), stable normalization of blood pressure can be 
achieved after seven days of administration of ramipril 
or candesartan.

Table 1. Study of gender differences in the effect of ramipril and candesartan on blood pressure in SHR rats

Group Sex of rats Indicator
Terms of the study

7 days 21 day

Ramipril

Intact control (n = 10)
Males SBP,

mm Hg
137 ± 2.12 138 ± 2.08

Females 135 ± 2.06 136 ± 1.47

Rat lines SHR
(n = 10)

Males SBP,
mm Hg

  191 ± 2.13*   188 ± 1.75*
Females          178 ± 1.25*/***           179 ± 1.65*/***

Rat lines SHR
+ Ramipril (n = 10)

Males SBP,
mm Hg

    135 ± 1.85**     133 ± 1.42**
Females             146 ± 1.56**/***             141 ± 1.55**/***

Rat lines SHR
+ Candesartan (n = 10)

Males SBP,
mm Hg

     137 ± 1.25**      135 ± 1.34**
Females      132 ± 1.60**     131 ± 1.70**

Candesartan

Intact control (n = 10)
Males DBP, 

mm Hg
105 ± 1.10  106 ± 1.56

Females 102 ± 1.45  103 ± 1.18

Rat lines SHR 
(n = 10)

Males DBP, 
mm Hg

  149 ± 1.60*    148 ± 1.85*
Females           140 ± 1.12*/***            139 ± 1.20*/***

Rat lines SHR 
+ Ramipril (n = 10)

Males DBP, 
mm Hg

    111 ± 0.95**      107 ± 1.10**
Females              122 ± 1.12 **/***              120 ± 1.23**/***

Rat lines SHR* 
Candesartan (n = 10)

Males DBP, 
mm Hg

     112 ± 1.58**       110 ± 1.86**
Females      109 ± 1.64**       106 ± 1.78**

SBP – systolic blood pressure, DBP – diastolic blood pressure
*statistically significant difference with the group of intact control p ≤ 0.001
**statistically significant difference with the group of hypertensive rats p ≤ 0.001
***statistically significant difference between males and females of one group p ≤ 0.01

Table 2. Study of gender differences in the effect of ramipril and candesartan on coagulation and fibrinolysis rates in SHR rats

Experimental conditions Fibrinogen 
content (g/l)

Blood clotting 
time, s

Level  
АТ ІІІ (%) PAP (min)

Males

Intact control, n = 10 2.75 ± 0.24 85.3 ± 1.85 102 ± 3.2 15.8 ± 0.34

Rat lines SHR, n = 10   3.95 ± 0.36*   72.3 ± 1.70*    81.5 ± 2.14*   9.10 ± 0.23*

Rat lines SHR + Ramipril, n = 10 3.04 ± 0.16 81.4 ± 2.12       100 ± 1.83**     15.3 ± 0.13**

Rat lines SHR + Candesartan, n = 10     3.18 ± 0.26** 80.5 ± 1.72      99.4 ± 2.05**     15.1 ± 0.13**

Females

Intact control, n = 10 2.89 ± 0.28 81.2 ± 1.96   105 ± 3.45 16.30 ± 0.42

Rat lines SHR, n = 10   3.85 ± 0.18*   71.4 ± 2.15*    80.1 ± 1.82*     9.85 ± 0.21*

Rat lines SHR + Ramipril, n = 10     3.30 ± 0.18**     77.2 ± 1.65**      89.3 ± 1.91**       13.1 ± 0.13**

Rat lines SHR + Candesartan, n = 10    3.12 ± 0.14**     80.4 ± 1.53**      101 ± 3.12**       15.8 ± 0.13**

AT III – antithrombin III, PAP – potential plasminogen activity
*�statistically significant difference with the group of intact control p ≤ 0.001
**�statistically significant difference with the group of hypertensive rats p ≤ 0.001
***�statistically significant difference between males and females of one group p ≤ 0.01
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pressure, and the level of NO metabolites, becomes 
more pronounced than in female rats. Under the 
same conditions, males are more sensitive to the 
formation of persistent hypertension than females. 
Using ramipril from ACE inhibitors and candesartan 
from ARBs in experimental hypertension in rats has 
gender differences. Therapeutic, daily administration 
of ramipril is likely to be more effective in normalizing 
blood pressure and endothelial function in males than 
in females. The higher efficacy of ramipril in males has 
also been reported in the recovery of the coagulation-
fibrinolysis system. The use of candesartan did not 
show significant gender differences, but there was 
a tendency to be somewhat more effective in females 
than in males. The formation and pharmacotherapy of 
hypertension have considerable gender differences 
that need to be considered to optimize treatment. ACE 
inhibitor ramipril is more effective in male rats, while 
candesartan from the ARBs group has no statistically 
significant gender differences.

Conflict of interest: none.
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