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Although endothelin (ET)-1 is one of the strongest known

vasoconstrictors in most species, we and others have pre-

viously found that it is only weakly effective in the mouse aorta.

The aim of this study was to further investigate vasoactive

effects of ET-1 in vascular beds generally known to be

particularly sensitive to ET-1, such as the renal artery. Experi-

ments were performed to determine the vasoconstrictor re-

sponses in the thoracic aorta, and in the carotid, femoral, and

renal arteries. Isolated vascular rings of C57BL/6 adult male

mice (35–40 weeks of age) were exposed to ET-1 (0.01–300 nM )

in the presence of the nitric oxide synthase inhibitor L-NAME (0.3

mM ) to exclude effects of nitric oxide. Vessels from different

vascular beds demonstrated distinct patterns in potency of the

contractions to ET-1 and the dynamics of the responses. The

maximal contraction to ET-1 was strong and significantly

greater in the femoral (105 6 7% KCl) and renal artery (62 6

7% KCl) than in the carotid artery or the aorta (P , 0.05). The

dynamics of the contractile response to ET-1 varied between the

different vessels: the renal artery showed a rapid vasoconstric-

tion, followed by a near complete loss of tension, whereas in the

aorta, carotid, and femoral artery, vasoconstriction was more

sustained. In conclusion, the data demonstrate that mouse

femoral and renal arteries exhibit strong contractions in

response to ET-1 compared with aorta and carotid artery, and

that contractile dynamics differ markedly between arterial

vascular beds. These findings may be important for studying

the effects of endothelin in mouse models of human disease.
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Introduction

Endothelin (ET)-1 is the strongest known vasoconstric-

tor of a wide range of blood vessels in most species and

contributes to pathophysiologic conditions such as athero-

sclerotic lesion development (1). The C57BL/6 mouse

serves as the genetic background for most transgenic mice

used to study animal models of human disease. However,

mouse vascular physiology has not been extensively

studied, and a study comparing vasoconstrictor agonists in

mouse aorta suggested that the ET system may not function

in the same way in mice as it does in other species (2).

Although ET-1 effects a sustained and strong contraction in

the rabbit, rat, and human vasculature (3, 4), the mouse

vasculature appears to be less sensitive to ET-1. Vascular

effects of ET-1 are mediated by activation of ETA and ETB

receptors. The ETA receptor is located on vascular smooth

muscle cells and mediates potent and long-lasting vaso-

constriction and also cell proliferation (5) and contributes to

atherosclerosis (1). In contrast, stimulation of the ETB

receptor largely results in endothelial cell–mediated vaso-

dilatation via release of nitric oxide (NO) and prostacyclin

and only rarely causes vasoconstriction (1, 6, 7). To

delineate the vasoconstrictor role of the non-selective

receptor agonist ET-1 in the vascular system of the mouse,

the present study was conducted to investigate the func-

tional responses to ET-1 in different vascular beds during

acute NO synthase inhibition.

Materials and Methods

Animals. Experiments were performed using male

C57BL/6 mice (35–40 weeks of age, mean body weight 32

6 3 g, Charles River, Sulzfeld, Germany). Animals were

housed in the institutional animal facilities and received

standard rodent chow and tap water ad libitum. The study

was approved by the local authorities for animal research

(Komission für Tierversuche des Kantons Zürich, Switzer-

land).

Organ Chamber Studies. Experiments were per-

formed as previously described (8). Briefly, animals were

anesthetized (ketamine, xylazine, and acepromazine) and
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sacrificed by exsanguination. The thoracic aorta and the

carotid, renal, and femoral arteries were immediately

isolated, cleaned of perivascular tissue, and cut into rings

3 mm in length; renal artery: 1.5–2 mm. Vascular rings were

mounted onto fine tungsten wires (100 lm for aorta and

carotid artery; 50 lm for the femoral artery), placed into

organ chambers containing Krebs-Ringer Solution (118.6

NaCl, 4.7 KCl, 2.5 MgSO4, 25.1 NaHCO3, 1.2 KH2PO4,

1.6 CaCl2, 10.1 glucose, and 0.026 EDTANa2Ca [in mM])

and connected to force transducers (Hugo Sachs Elektronic

Harvard Apparatus GmbH, March-Hugstetten, Germany)

for recording of isometric tension (Rikadenki, Freiburg,

Germany). The renal artery was mounted on two 40-lm

tungsten wires in a Mulvany myograph (DMT, Aarhus,

Denmark) (9).

Experimental Protocols. After an equilibration

period of 20 minutes, resting tension was gradually

increased over 60 minutes to 1.75 g in the aortic, 1.25 g

in the carotid, and 1 g in the femoral segments; passive

tension in renal arteries was normalized via passive

stretching to 90% of the unconstricted in vivo internal

circumference at a transmural pressure of 100 mm Hg (10).

The integrity of vascular smooth muscle cell function was

confirmed by challenging the rings three times with 100 mM
KCl for maximal contraction (aorta, 1 6 0.07 g; carotid

artery, 0.2 6 0.02 g; femoral artery, 0.2 6 0.02 g; renal

artery, 0.8 6 0.06 g). Rings were preincubated with the NO

synthase inhibitor L-nitro-arginine methyl ester (0.3 mM) for

30 minutes to block basal NO synthesis. Thereafter, rings

were exposed to cumulative concentrations of ET-1 (0.01–

300 nM).

Drugs. Endothelin-1 and NG-L-nitro-arginine methyl

ester were purchased from Alexis Biochemicals, Lausen,

Switzerland. All other chemicals were from Sigma Chem-

icals Co. (Buchs, Switzerland). Drugs were dissolved in

purified water (MiliQ, Volketswil, Switzerland) and diluted

with Krebs solution to the concentration needed before each

experiment. Concentrations are expressed as final molar

concentration in the organ chamber.

Calculation and Statistical Analysis. Data are

expressed as mean 6 SEM, and n equals the number of

animals used. Contraction to ET-1 is expressed as the

percentage of contraction to potassium chloride (KCl, 100

mM). EC50 values (as negative logarithm: pD2), and area

under the curve was calculated by nonlinear regression

analysis (Sigmaplot, Version 9). Rate of loss of tension was

calculated by taking the percentage of maximum contraction

of ET-1 as a function of time (5 and 20 minutes). A P value

, 0.05 was considered significant.

Results

Contractile Responses to ET-1. In all vessels

investigated ET-1 produced a concentration-dependent

vasoconstriction. The different vascular beds demonstrated

distinct patterns in potency of ET-1–mediated contractions

(Table 1). Contractions were stronger in the femoral artery

than in all other vessels investigated (P , 0.0001, Fig. 1).

Responses in the renal artery were also significantly stronger

compared with the carotid artery (P , 0.05, Fig. 1C) and the

aorta (P , 0.0001, Fig. 1D). Contractions were less potent

in the aorta than in the carotid artery (P , 0.005, Fig. 1C

and 1D), renal, and femoral artery (P , 0.0001, Fig. 1A and

1B). Maximal contraction, area under the curve and pD2

values of responses are given in Table 1.

Contraction Dynamics of ET-1–Mediated Re-
sponses. Endothelin-1 contractile dynamics varied across

the different vascular beds. Endothelin-1 induced a rapid

vasoconstriction in all vessels; however, tension mainte-

nance was markedly different between arteries. The aorta,

carotid, and femoral arteries demonstrated a slow loss of

tension over time, whereas the renal artery showed a near

complete and rapid loss of tension (Fig. 2). Within the first 5

minutes after reaching the maximal contraction, the loss of

tension was greatest in the renal artery (58 6 4% of ET-

1max), whereas contractions in the aorta (69 6 4% of ET-

1max), carotid (76 6 4% of ET-1max, P , 0.005 vs. renal)

and femoral artery (83 6 4% of ET-1max, P , 0.0001 vs.

renal) were more sustained (Fig. 2).

Twenty minutes after the maximum ET-1–induced

contraction (ET-1max), tension in the renal artery had

decreased by 80 6 3%, whereas the decrease was 61 6

4% in the femoral artery (P , 0.005 vs. renal), 72 6 4% in

the carotid artery, and 77 6 4% in the aorta (Fig. 3). The

loss of tension, calculated as a function of time 5 minutes

Table 1. Endothelin-Mediated Responses in Different Vascular Bedsa

Femoral artery Renal artery Carotid artery Aorta

Emax (% KCl) 104.9 6 7.4 61.9 6 7.4b 46.0 6 6.7b,c 10.6 6 1.4b,c,d

pD2 8.1 6 0.1 8.4 6 0.1b 8.5 6 0.1b,c 8.5 6 0.1b

AUC 180 6 17 126 6 16b 89 6 12b,c 21 6 3b,c,d

a Maximal responses (Emax) expressed as % constrictor response to KCl (100 mM); pD2 values (–log M of EC50) and the area under the curve
(AUC, a measure of overall contractility) are given in arbitrary units, femoral artery, n¼ 21; renal artery, n¼ 15; carotid artery, n¼ 19; aorta, n¼
19. Data are means 6 SEM.
b P , 0.05 versus femoral artery.
c P , 0.05 versus renal artery.
d P , 0.05 versus carotid artery.
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after reaching maximum contraction, was 8 6 1%/min

(renal artery), 5 6 1%/min (carotid artery), and 3 6 1%

(femoral artery), both P , 0.005 versus renal artery.

Discussion

In the current study, we investigated the effect of ET-1

on different vascular beds in healthy laboratory mice. The

main new finding of this study is that different vessels in the

C57BL/6 mouse show significantly different contraction

responses to ET-1. This study is also the first to demonstrate

strong contractility to ET-1 in mouse femoral and renal

arteries and different contraction dynamics between vascular

beds.

It has previously been reported that ET-1 is only

weakly effective as a constrictor in the mouse aorta (3, 8);

we have previously confirmed and extended these findings

demonstrating that the carotid artery of the mouse shows a

greater vasoconstrictor response to ET-1 than the aorta (8).

In the present study, examining other vascular beds, we now

report that vessels distant from the heart (renal and femoral

artery) show a much stronger response to ET-1 than arteries

close to the heart (aorta and carotid artery). To our

knowledge, the findings reported here indicate that the

femoral artery displays the strongest contraction to ET-1 in

the mouse seen to date. This difference in the vascular

contractile response may be related to differences in

Figure 1. Concentration-response curves to ET-1 in the presence of L-nitro-arginine methyl ester in the femoral artery (A), renal artery (B),
carotid artery (C), and aorta (D) of healthy C57BL/6 mice. Contractions are expressed as a percentage of 100 mM KCl. *P , 0.05 vs. femoral
artery. �P , 0.05 vs. renal artery. �P , 0.05 vs. carotid artery.
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compliance between the vessels. Arteries of the elastic type

such as the aorta and carotid artery showed weaker

responses than the femoral and renal artery, which show

features of ‘‘muscular’’ type arteries. The different respon-

siveness to ET-1 may also be affected by intracellular Ca2þ

concentrations of different vascular beds, which mediates

the contraction potential (11) and, thus, overall contractility.

Also, that the anatomy of the muscle cell layer (tunica

muscularis) differs between conducting vessels (elastic type)

and regulating vessels (muscular type) can affect their

response to ET-1 (12). Specifically, arteries with long and

thin cell architecture such as the femoral and renal arteries

have been found to exhibit different contraction dynamics

than those with shorter but thicker cell architecture such as

the aorta and carotid arteries (13). Moreover, it is possible

that the ability of muscular arteries to contract is facilitated

by the organization of the structural components of the

arterial wall and a lower elastic tissue volume (12).

Another new finding of this study was the observation

that in different mouse arteries a decrease in tension

occurred during ET-1–induced contractions that varied

between the vessels investigated. Although both the femoral

and renal artery showed a highly sensitive response to ET-1,

these vessels demonstrated markedly different contraction

dynamics. In the femoral artery, tension was sustained over

the first 5 minutes, whereas the renal artery showed a rapid

and nearly complete loss of tension. We subsequently

challenged the same vessels with 100 mM KCl, confirming

that the vascular smooth muscle was not damaged, and

obtained strong contraction responses. Again, as with

contraction potency, contraction dynamics could be due to

different compliances of the vessels, differences in intra-

cellular Ca2þ signaling (11), or different anatomic archi-

tecture of the vascular smooth muscle cells. Additionally,

the loss of tension may be, in part, due to an active

vasodilation effected by stimulation of the ETB receptor.

This receptor is commonly known to produce vasodilation

through activation of NO; however, ETB-receptor activation

may stimulate prostacyclin release under certain conditions

(14–16). Although NO production was inhibited by L-nitro-

arginine methyl ester in these experiments, ETB-receptor

stimulation may have induced prostacyclin release, thereby

producing a dilator effect, and possibly contributing to the

observed differences (1, 17). Finally, distribution of ETA

and ETB receptors may vary between vascular beds (6, 18);

therefore, differences in the density of contractile ETA and

dilator ETB receptors may play a role in the differences seen

between the vessels examined in this study.

In conclusion, these data demonstrate that the vascular

response to ET-1 in healthy C57BL/6 mice show a unique

reactivity that is markedly different to that normally seen in

other species, including man, rat, or pig (4). Future studies

will help to address whether different disease states affect

Figure 2. Original recordings of representative tracings of responses
to ET-1 (0.01–300 nM) in femoral artery (top panel), renal artery
(second panel), carotid artery (third panel) and aorta (fourth panel) of
healthy C57BL/6 mice, # indicates addition of increasing ET-1
concentrations. The scale on y axes indicates contraction related to
KCl 100 mM.

Figure 3. Tension loss after maximal contraction to ET-1 (ET-1max)

after 5 minutes (left panels) and 20 minutes (right panels) in the
femoral, renal, and carotid arteries, and aorta, given as percent of
ET-1max. *P , 0.05 vs. femoral artery, �P , 0.005 vs. renal artery, #P
, 0.05 vs. 5 minutes in the same vessel.
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the vascular reactivity to ET in mouse models of human

disease.
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