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EXPERIMENTAL STUDY

Vascular reactivity of arteria femoralis in adult and aged 
spontaneously hypertensive and Wistar-Kyoto rats
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Abstract: Aim: The relationship of age and hypertension on endothelial dysfunction and increased responses 
to vasoconstrictor stimuli. 
Background: Hypertension is a disease accompanied by endothelial dysfunction and is characterized by an 
impaired vascular reactivity and enhanced activity of sympathetic nervous system. 
Materials and methods: In our experiment, we used spontaneously hypertensive rats representing model of 
essential hypertension and the Wistar-Kyoto rats as normotensive strain. Femoral arteries of adult and aged 
rats were put into the chamber of Mulvany-Halpern isometric myograph. As the nutrient solution, the modifi ed 
Krebs-Henseleit solution having temperature 37 °C and bubbled with O2 was used. After 30 minutes stabilization 
of blood vessels, a dose-dependent curve of norepinephrine response was recorded (concentrations 3x10-8 M, 
10-7 M, 3x10-7 M, 10-6 M, 3x10-6 M, 10-5 M, 3x10-5 M, 10-4 M), followed by a dose-dependent curve of acetylcho-
line response (concentrations 3x10-8 M, 10-7 M, 3x10-7 M, 10-6 M, 3x10-6 M).
Results: Our experiments recorded an increased reactivity to contraction stimuli in spontaneously hypertensive 
animals. Vascular reactivity to norepinephrine at 5 month and 12 month old rats from the same group was not 
signifi cantly affected. Our experiments on the other hand, did not record a reduced endothelium-dependent re-
laxation in hypertensive compared to normotensive animals, neither in different age groups.
Conclusions: Increased norepinephrine-induced contraction occurs even before development of reduced ace-
tylcholine-induced relaxation in SHR rats. We predict that in our experiment hypertension plays a bigger role in 
the development of endothelial dysfunction than aging (Fig. 2, Ref. 22). Full Text in PDF www.elis.sk.
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Hypertension is disease, which is accompanied by impaired 
vascular reactivity and endothelial dysfunction, both in humans 
and in experimental models. To better understand the pathophysi-
ology of an increased blood pressure, many animal models were 
developed either with induced or genetic form of hypertension. 
The most widely used include spontaneously hypertensive rats, 
stroke-prone hypertensive rats, chronic angiotensin II infusion, 
transgenic animals overexpressing the renin and the angiotensino-
gen gene, renovascular hypertension, Dahl salt-sensitive hyperten-
sion, deoxycorticosterone acetate-salt hypertension and endothe-
lin-1 induced hypertension (Félétou and Vanhoutte, 2006). These 
models are similar to human forms of increased blood pressure and 
they can help better understand the mechanism of hypertension 
and the changes in reactivity of blood vessels to different stimuli. 

According to animal models and the studied vascular bed, endo-
thelial dysfunction can have different mechanisms. In our study, 
we used spontaneously hypertensive rats and compared them to 
normotensive Wistar-Kyoto rats. We selected spontaneously hy-
pertensive rats (SHR), since they represent a widely used model 
of essential hypertension (Pintérová et al, 2011). SHR strain was 
obtained during the 70´s by Okamoto et al, 1963, who started 
breeding Wistar-Kyoto rats with high blood pressure. Hyperten-
sion occurs at about 5–6 weeks of age. Systolic pressure reaches in 
adulthood values   between 180 and 200 mmHg (Zicha and Kuneš, 
1999). Starting between 40 and 50 weeks of age, SHR develop 
cardiovascular diseases (Conrad et al, 1995). SHR rats at 3 months 
have a hypertrophy of the left ventricle, at 2 years a heart failure. 
We can fi nd in SHR proteinuria and reduced clearance. The pre-
dicted causes of hypertension in the SHR are kidney disorders 
(Churchill et al, 2002). Wistar-Kyoto rats (WKY) are genetically 
identical to the SHR and are used as control animals to SHR. The 
SHR differ from WKY in the major histocompatibility complex 
and in specifi c antigens of blood groups.

We tried to detect whether the Wistar-Kyoto and spontane-
ously hypertensive rats differ in vascular response of a. femoralis 
to norepinephrine-induced contraction and acetylcholine-induced 
relaxation. A. femoralis represents large conductance arteries, 
which undergo remodeling and exhibit endothelial dysfunction 
during hypertension (Líšková et al, 2010). 
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We compared the difference in a. femoralis reactivity to nor-
epinephrine and acetylcholine in adult (5 month old) and aged (12 
month old) WKY rats and SHR.

Norepinephrine, as the mediator of the sympathetic nervous 
system, is involved in regulating blood pressure and causes vascu-
lar smooth muscle contraction by elevation of cytosolic free Ca2+. 
Much of the calcium that activates the contractile apparatus enters 
the cells through L-type voltage-dependent calcium channels (L-
VDCC) (Sanders, 2001). The calcium infl ux through L-VDCC is 
necessary for norepinephrine-induced contraction of arteries (Pau-
lis et al, 2007). An elevated level of norepinephrine is present in 
essential hypertension and contributes to endothelial dysfunction 
(Jeffrey et al, 1998). Endothelial function refl ects the relaxation 
of arteries to acetylcholine. Acetylcholine-induced relaxation is 
generally used to assess endothelial function. For these reasons, 
the ability of a. femoralis to relax after cumulative concentrations 
of acetylcholine was evaluated. 

Materials and methods

Experiments were carried out in adult and aged male Wistar-
Kyoto and spontaneously hypertensive rats. The animals were di-
vided into four groups: 5 month old Wistar-Kyoto rats (WKY 5), 
12 month old Wistar-Kyoto rats (WKY 12), 5 month old spontane-
ously hypertensive rats (SHR 5) and 12 month old spontaneously 
hypertensive rats (SHR 12). All animals were housed under stan-
dard laboratory conditions (temperature 23 ± 1 °C, 12-hour light-
dark cycle, standard pelleted diet for laboratory rats, tap water ad 
libitum). All experimental procedures and protocols were approved 
by the Ethical Committee of the Institute of Physiology, Academy 
of Sciences of the Czech Republic, conform to European Conven-
tion on Animal Protection and Guidelines on Research Animal Use.

Animals were anesthetized with ether and blood pressure was 
measured directly by the puncture of carotid artery. After human 
sacrifi ce of animals, we isolated their femoral arteries and cut them 
into 2–4 mm long segments. They were subsequently placed in 
Mulvany-Halpern isometric myograph (M 510A, DMT, Denmark). 
As the nutrient solution, a modifi ed Krebs-Henseleit solution was 
used (KHS, 119 mM NaCl, 4.7 mM KCl, 1.17 mM MgSO4, 25 mM 
NaHCO3, 1.18 mM KH2PO4, 0.03 mM EDTA, 2.5 mM CaCl2, 200 
mg / l ascorbic acid, 2 g / l glucose), which was heated to 37 °C 
and bubbled with O2. After 30 minutes of blood vessels stabiliza-
tion, we added progressively increasing doses of norepinephrine 
(3x10-8 M, 10-7 M, 3x10-7 M, 10-6 M, 3x10-6 M, 10-5 M, 3x10-5 M, 
10-4 M), following by increasing doses of acetylcholine (3x10-8 M, 
10-7 M, 3x10-7 M, 10-6 M, 3x10-6 M).

The results were evaluated according the amplitude of con-
tractions to norepinephrine of vascular segment records from 
myograph. They were expressed as vessel wall tension in mN/
/mm. The relaxation of the segments was evaluated against the 
maximum amplitude of contraction to the highest dose of norepi-
nephrine and was expressed in percentage.

The data were expressed as the mean ± SEM. The statistical 
signifi cance of differences was evaluated by the Student‘s t-test 
and a signifi cance threshold was defi ned as p <0.05.

Fig. 1. Reactivity of  a. femoralis – comparison of contractions to cu-
mulative concentrations of norepinephrine from normotensive and 
hypertensive rats. WKY 5 – 5 month old Wistar-Kyoto rats, WKY 12 
– 12 month old Wistar-Kyoto rats, SHR 5 – 5 month old spontaneously 
hypertensive rats, SHR 12 – 12 month old spontaneously hypertensive 
rats. NE – norepinephrine. * p < 0.05.

Fig. 2. Reactivity of precontracted a. femoralis – comparison of relax-
ation responses to cumulative concentrations of acetylcholine from nor-
motensive and hypertensive rats. WKY 5 – 5 month old Wistar-Kyoto 
rats, WKY 12–12 month old Wistar-Kyoto rats, SHR 5 – 5 month old 
spontaneously hypertensive rats, SHR 12–12 month old spontaneously 
hypertensive rats. Ach – acetylcholine. * p < 0.05. 

Results

Responses to cumulative concentrations of norepinephrine: 
The age-dependent comparison of norepinephrine-induced con-
tractions has not shown any signifi cant difference between adult 
and aged animals. In both strains used in our experiments, there 
was a tendency to increased norepinephrine-induced contraction 
in arteries of aged animals (Fig. 1). The vessels of SHR expressed 
a higher norepinephrine-induced contraction compared to vessels 
of WKY (Fig. 1). The results showed a stronger ability of femo-
ral artery to contract after administration of norepinephrine in the 
model of experimental hypertension.

Responses to cumulative concentrations of acetylcholine: 
Acetylcholine-induced relaxation of femoral arteries of hyper-
tensive or aged rats was not changed compared to control vessels 
(Fig. 2). 5 month old WKY compared to 5 month old SHR rats 
indicated a slightly better relaxation properties, which reached 
the only signifi cant value at the highest concentration of acetyl-
choline (–81.51 ± 1.54 % WKY vs –66.11 ± 1.82 % SHR). 12 
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month old SHR and 12 month old WKY showed no differences 
in acetylcholine-induced relaxation.

Discussion 

Endothelium is involved in vascular homeostasis through 
excretion of relaxing and constricting factors. Decreased avail-
ability of NO, increased production of thromboxane A2, PGH2 
and superoxide anion are associated with endothelial dysfunction 
present in hypertension. These changes lead to the reduction of 
endothelium-dependent vasodilation and/or to the increase in re-
sponses to vasoconstrictor stimuli (Davel et al, 2011). 

The principal fi ndings of our study can be summarized as fol-
lows. NE-induced contractions of femoral arteries were augmented 
in hypertensive rats compared to Wistar-Kyoto rats. The NE-induced 
contractions from the same strain of adult and aged rats did not show 
signifi cant differences, but showed a tendency to stronger contrac-
tions with a higher age. Acetylcholine-induced relaxation was not 
impaired neither with age, nor with the presence of hypertension. 

Blood pressure results from the balance of vasoconstrictors 
(mainly sympathetic nervous system) and vasodilators (mainly nitric 
oxide and endothelium-derived hyperpolarizing factor). Nitric oxide 
and norepinephrine are antagonists in the control of calcium infl ux 
through L-type voltage-dependent calcium channels. Spontaneously 
hypertensive rats are characterized by an absolute enhancement of 
sympathetic nervous system (Pintérová et al, 2009). High blood 
pressure resulting from sympathetic hyperactivity and vasodilator 
defi ciency was documented in hereditary hypertriglyceridemic rats 
(Kuneš et al, 2002), spontaneously hypertensive rats (Paulis et al, 
2007; Hojná et al, 2007; Kuneš et al, 2008) or Dahl rats (Zicha et 
al, 2001; Dobešová et al, 2002). Experimental models represented 
by spontaneously hypertensive rats and by ouabaine-induced hyper-
tension had disturbed relaxation and constriction responses to vari-
ous agents compared to normotensive animals (Xavier et al, 2009; 
Wenceslao et al, 2011). It has been shown that age affects endothe-
lial function. Increasing age reduces the endothelium-dependent 
relaxation in rat muscle arterioles (Muller-Delp et al, 2002). This 
effect was also observed in other vascular beds (Egashira et al, 1993, 
Gerhard et al, 1996; Mayhan et al, 1990; Tominagana et al, 1994). 
Our experiments did not show a reduced endothelium-dependent 
relaxation in hypertensive compared to normotensive animals, either 
due to age of rats or because SHR rats did not suffer from an abso-
lute, but rather from a relative NO defi ciency (Pintérová et al, 2009). 

The reason for the increased contractile ability of blood ves-
sels to norepinephrine might be functional changes in sympathetic 
nervous system and in the renin-angiotensin-aldosterone system, 
leading to an enhanced calcium infl ux through voltage-dependent 
calcium channels (Grassi et al, 1998). Renin-angiotensin-aldoste-
rone system amplifi es the effect of the sympathetic nervous system 
peripherally and centrally as well (Balt et al, 2003).

In conclusions, we predict that an increased norepinephrine-
induced contraction occurs even before development of reduced 
acetylcholine-induced relaxation as a manifestation of endothelial 
dysfunction in SHR. In our experiment hypertension more infl u-
enced endothelial dysfunction than aging.
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