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CHAPTER 6 

ß-Adrenergic Responses Are Significantly Enhanced In Rat 

Carotid Artery With Neointima 

Frank J. Heijenbrok, Marie-Jeanne Mathy, Martin Pfaffendorf & Pie-

ter A. van Zwieten 

Submitted 



Balloon injury of the rat carotid artery not only leads to significant modification in the 

morphology of the subject vessel, but also has significant consequences for the func

tional characteristics of these vessels. It has been shown that the cti-adrenoceptor-

mediated vasoconstrictor function becomes severely impaired (Heijenbrok et al. 

1998). These alterations are related to changes in receptor number and in signal-

transduction mechanisms downstream from the receptor. There is evidence that these 

modifications are also apparent for other Gq/n-protein coupled receptor systems, such 

as that of 5-hydroxytryptamine (i.e. serotonin). 

Balloon injury and subsequent neointima formation also modulate the endothelium-

dependent muscarinic M3-receptor-mediated vasodilator responses of the rat carotid 

artery. These alterations are related to the absence and reappearance of functional en

dothelial cells in balloon-injured rat carotid arteries (Heijenbrok et al. 1998). 

In the present study, the influence of balloon injury and subsequent neointima forma

tion on the ß-adrenergic vasodilator function of the rat carotid artery has been investi

gated. It has been shown that vasorelaxation of vascular smooth muscle cells is 

induced via the activation of mainly the ß2-adrenoceptor subtype, although the ßi-

adrenoceptor subtype appears to be involved as well. Recently, an atypical ß3-

adrenoceptor subtype with vasodilator function has been characterized in vascular 

smooth muscle, but the physiological significance of this adrenoceptor subtype still 

remains unclear (Oriowo 1994). Therefore, in the present study the functional char

acteristics of ß-adrenoceptor-mediated vasorelaxation with isoprenaline, such as 

maximal response (Emax) and sensitivity (pD2), were evaluated in the absence and 

presence of a ß r and a ß2-adrenoceptor-selective antagonist, CGP 20712A and ICI 

118,551 respectively. 

It has been reported that the isoprenaline-induced vasorelaxation is not only mediated 

through direct activation of ß-adrenoceptors present on the vascular smooth muscle 

cell, but also appears to be partially endothelium-dependent (Steinberg et al. 1984, 

Gray and Marshall 1992, Hempelmann and Ziegler 1993). Gray and Marshall (1992) 

have postulated a novel signal-transduction pathway for the endothelium-dependent 

vasorelaxation mediated by isoprenaline, which involves the production of nitric ox

ide (NO) through the activation of NO synthase. In the present study, this endothe

lium-dependent pathway of ß-adrenoceptor-induced vasorelaxation has been 

evaluated for the injured and sham-operated artery preparations using of yV°-nitro-L-

arginine methyl ester (L-NAME), to block NO synthesis. Indomethacine, a cyclo-

oxygenase inhibitor, has been used to study the involvement of prostanoids, like 

prostacyclin (PGI2), in the ß-adrenoceptor-mediated vasorelaxation in these carotid 

artery preparations. 
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Material and Methods 

Surgical procedures 

Male Wistar rats, weighing 250 to 300 g, were obtained from Iffa Credo (Les Oncins, 

France). The rats were fed standard rat chow and allowed tap water ad libitum. Each 

group of six rats was housed in one cage. All animals were maintained under the same 

environmental conditions. The experiments followed a protocol approved by the 

Animal Ethical Committee of the University of Amsterdam. 

The method of balloon injury of the rat left common carotid artery has been described 

previously in full detail (Heijenbrok et al. 1998). In short, rats were anaesthetized by 

intraperitoneal administration of a mixture of ketamine, xylazine and atropine (8 mg, 

4 mg and 5 ug per 100 g body weight, respectively). Both left and right common and 

external carotid arteries were exposed via a midline incision in the neck. An arterial 

embolectomy balloon catheter (2F Fogarty; Baxter, Maarssen, The Netherlands), in

flated with 20 p.1 of sterile distilled water, was inserted into the left common carotid 

artery. The complete artery was then rubbed with this catheter. This procedure was 

repeated thrice in order to obtain complete endothelial denudation. The right common 

and external carotid arteries were exposed but not subjected to any further treatment 

(sham-operated), thus serving as internal controls. 

The rats were allowed to recover in separate cages at an ambient temperature of 30°C. 

Pharmacological studies 

All animals survived the respective times after surgery. At 0, 2, 8 and 16 weeks re

spectively, the rats were anaesthetized with the same solution as used for the surgical 

intervention (although without atropine). Both the left and right common carotid ar

teries were carefully excised in a range just distally from the bifurcation until the level 

of the aortic arch. They were immediately placed in Tyrode's solution (TS) at 4°C and 

oxygenated with carbogen (95% 02, 5% CO2). The composition of TS was as follows 

(mM): NaCl (136), KCl (2.5), MgCl2 (0.5), CaCl2 (1.8), NaH2P04 (0.42), NaHC03 

(11.9), and glucose (5.5). The arteries were cleaned of superficial fat and adherent 

connective tissue under a dissection microscope (Olympus, Tokyo, Japan), care being 

taken not to stretch the vessels or to damage the endothelium. Ring segments of 2 mm 

were cut from each artery starting 5 mm proximally (viewed from the position of the 

heart) from the carotid bifurcation. 

For the functional studies two platinum wires (d = 200 urn) were introduced into the 

lumen of each ring preparation. One of them was connected to a micrometer screw, 

the other to a force transducer of an isometric wire-myograph (J.P. Trading, Risskov, 

Denmark). Isometric force development was recorded on a WeKa chart recorder (De-
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pex, De Bilt, The Netherlands). The preparations were equilibrated for 60 min in TS 

at 37°C and oxygenated with carbogen (95% 02, 5% C02), at a pH of 7.4. The me

dium was replaced every 20 min. Subsequently, the ratio between passive wall tension 

and internal circumference was determined by a normalisation procedure (Mulvany 

and Halpern 1976, Mulvany and Halpern 1977). The internal circumference was ad

justed to a value that equals the diameter at a transmural pressure of 100 mmHg (13.3 

kPa) in order to approach the physiological circumstances. This value was then di

vided by 7i to obtain the normalized internal lumen diameter (Lioo). 

After the normalisation procedure, the arteries were equilibrated for 60 min. The 

preparations were washed after each period of 20 min. Subsequently, they were de

polarized by a Tyrode's solution containing 100 mM KCl (K+-TS) which had been 

exchanged on an equimolar basis against NaCl from the normal TS. The concentration 

of 100 mM KCl was chosen as previous experiments have shown that it induces 

maximal contractile responses in the rat carotid artery (Heijenbrok, unpublished data). 

After the K+-induced contraction had fully developed, the preparations were washed 

frequently with normal TS and equilibrated for 30 min. This procedure was repeated 

once. Subsequently, the vessels were precontracted with the ai-adrenoceptor agonist 

phenylephrine (PhE, 3.10"6 M). After reaching a steady level, one dose of the endo-

thelium-dependent vasodilator methacholine (MCh, 10"5 M) was added to assess the 

presence or absence of functional endothelium. The concentration of phenylephrine 

and of methacholine was chosen as it was shown previously that these concentrations 

induce maximal responses in both injured and sham-operated rat carotid arteries 

(Heijenbrok et al. 1998). Subsequently, the preparations were washed frequently with 

normal TS and equilibrated for 30 min. 

Subsequently, all individual preparations were incubated with prazosin (106 M; an 

ai-adrenoceptor antagonist) for 60 min to rule out the oci-adrenergic effects of iso-

prenaline. Cumulative concentration-response curves (CRC's) for isoprenaline were 

constructed after precontraction with the thromboxane A2 (TP)-receptor agonist 

U46619 (3.10"8 M). To characterize the ß-adrenoceptor subtypes present in the injured 

and the sham-operated artery preparations, either CGP 20712A (1010 M; a ßi-

adrenoceptor antagonist), or ICI 118,551 (10"8 M, a ß2-adrenoceptor antagonist), was 

added to the bath 60 min, prior to the construction of the CRC. Other artery prepara

tions were incubated with L-NAME (10"4 M, a nitric oxide synthase inhibitor), or with 

indomethacine (10" M, a cyclo-oxygenase inhibitor) for 60 min to evaluate the in

volvement of nitric oxide or the cyclo-oxygenase products, respectively, in the devel

opment of vasodilator responses. 

In separate experiments, the response to forskolin (10"5 M) after precontraction with 

U46619 (3.10" M) of the injured and the sham-operated carotid artery preparations 
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was measured for each time point postinjury in order to study whether direct stimula

tion of adenylate cyclase, thus bypassing the ß-adrenoceptor/G-protein complex, 

could induce full vasorelaxation. The concentration of 10 uM for forskolin was cho

sen because this induces maximal vasodilator responses in both injured and sham-

operated rat carotid arteries (Heijenbrok, unpublished data). 

Statistical analysis 

Using a computer program (Graphpad, Institute for Scientific Information, San Diego, 
Calif, USA), concentration-response curves (CRC's) based on the following relation
ship: 

E = Em a x .Ap-(Ap + EC5o
Py1 

were fitted to concentration-response data for at least five individual experiments. The 

responses were expressed and calculated as absolute (N/m) values or as relative (%) 

values. In the equation, E is the response obtained at a given concentration A of ago

nist, Emax is the maximally attainable response, EC5o (expressed as negative decadic 

logarithm: pD2) is the concentration of agonist that is required for half maximal effect 

and the exponent P describes the slope of the relationship (Hill coefficient). 

The data shown are expressed as means ± SEM. Statistical significance was analysed 

by means of a two-tailed Student's f-test for unpaired data. Ap-value of less than 0.05 

was considered to denote statistical significance of differences. Statistical differences 

between groups of different time points were calculated using one-way analysis of 

variance (ANOVA; Bonferroni): values oîp < 0.05 were considered to denote statisti

cal significance of differences. 

Chemicals 

The following drugs were used: (acetyl-ß) methacholine chloride, L-phenylephrine 

HCl, 9,ll-dideoxy-lla,9a-epoxymefhanoprostaglandin F2a(U46619), (±) isoprenali-

ne HCl, A^-nitro-L-arginine methyl ester HCl (L-NAME), prazosin, obtained from 

Sigma Chemical Co. (St. Louis, Mo., USA); l-[2-((carbamoyl-4-hydroxy)-phenoxy)-

ethylamino]-3-[4-(l-methyl-4-trifluoromethyl-2-midazolyl)phenoxy]-2-propanol ((-) 

CGP 20712A), purchased from Ciba-Ceigy (Switzerland); erythro-dl-l-(7-methyl-

indan-4-yloxy)-3-isopropylaminobutan-2-ol (ICI 118,551), obtained from Imperial 

Chemical Industries Ltd., Macclesfield, Cheshire, UK); forskolin, kindly donated by 

Hoechst (Amsterdam, The Netherlands); indomethacine, purchased from Merck Sharp 

and Dohme (Haarlem, The Netherlands). All other chemicals used were of analytical 

grade and obtained from Merck (Darmstadt, FRG). 
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Table 1 

Characteristics of the animals used (body weight) and the isolated vessel preparations at 
increasing periods (i.e. weeks) following balloon injury of the carotid arteries 

weeks n bw exp. Lioo Lioo 

[g] injured [u.m] sham [\im\ 

0 37 282.1 ±6.5 1002.8 ± 11.3 1038.4 ±20.8 

2 29 366.1 ±9.9 900.0 ±33.6* 1150.9 ±42.4 

8 30 431.9 ±10.4 941.1 ±46.6* 1179.5 ±27.6 

16 30 443.4 ±11.8 858.7 ±91.0* 1202.0 ±21.2 

Data are presented as means ± SEM. *: p < 0.05 versus sham-operated right carotid artery. 
N = number of animals; bw = body weight; expp. = prior to pharmacological studies, injured 
= injured left carotid artery, sham = sham-operated right carotid artery, Ll00 = normalized 
internal diameter at transmural pressure of 100 mmHg 

Results 

Animal and vessel characteristics 

The characteristics of the animals used and of the isolated vessel preparations have 

been summarized in Table 1. The calculated individual lumen diameter at a pressure 

of 100 mmHg (Lioo) of the injured left carotid artery proved significantly decreased 

in preparations studied 2 weeks or later after balloon injury, when compared with 

their contralateral controls. 

Pharmacological studies 

Potassium chloride 

The maximal contractile responses (expressed as Emax, (N/m)) of the isolated left 

common carotid artery to a high potassium concentration (100 mM) were not influ

enced by the balloon injury procedure when compared to their contralateral control 

vessels, at all time points measured (see Table 2). 

Phenylephrine 

The maximal contractile responses to phenylephrine of injured and sham-operated 

carotid artery preparations are shown in Table 2. When compared to their controls, the 

phenylephrine-induced maximal contractions (Emax, (N/m)) of the injured left carotid 

arteries were not significantly different when measured immediately after balloon in

jury. However, the ai-adrenoceptor-mediated responses became severely impaired in 

96 



Table 2 

Contractile responses to high potassium chloride concentration (iC', 100 mM), to 

phenylephrine (PhE, 3 /JM), and to U46619 (30 nM), in injured left and sham-operated right 

carotid arteries, respectively, at different time points post-injury, as denoted by 'weeks ' 

E m „ [N/m] Ema; • [N/m] Emax [N/m] 

weeks n K+ K+ PhE PhE U46619 U46619 

injured sham Injured sham injured sham 

0 37 3.8 ±0 .2 4.1 ±0 .2 3.0 ±0 .3 2.9 ± 0.2 3.3 ±0 .2 3.4 ±0 .2 

2 29 4.0 ±0 .4 4.0 ±0 .2 0.8 ±0 .3* 3.0 ±0 .4 3.2 ±0 .4 3.8 ±0 .4 

8 30 4.4 ±0 .2 4.8 ±0 .2 1.8 ±0 .2* 2.9 ± 0.3 3.9 ±0 .3 4.4 ± 0.2 

16 30 5.2 ±0 .3 5.0 ±0 .4 2.9 ± 0.4 3.3 ±0 .4 4.0 ± 0.3 4.5 ± 0.2 

Data are presented as means ± SEM. ': p < 0.05 versus sham. 

n = number of animals; injured = injured left carotid artery, sham = sham-operated right 

carotid artery. 

the vessel preparations that had been injured 2 and 8 weeks prior to the functional ex

periments. However, this function fully recovered at 16 weeks postinjury (Table 2). 

U46619 (TP-receptor agonist) 

The contractile responses to U46619 for the preparations taken from the different time 

groups of rats are summarized in Table 2. When compared to their contralateral sham-

operated vessels, the U46619-induced maximal contractions (Emax, (N/m)) of the in

jured left carotid arteries appeared not to be significantly influenced by balloon injury 

with subsequent neointima formation, for all time points measured (see Table 2). 

Methacholine 

The data concerning the endothelium-dependent vasodilator responses to methacho

line are summarized in Table 3. The balloon injury procedure caused complete abol

ishment of relaxation in the left common carotid artery preparations, injured 8 weeks 

or less before. Only 16 weeks after balloon injury a full recovery of the endothelium-

dependent vasorelaxation could be observed in injured vessels when compared with 

the sham-operated preparations. 

Isoprenaline 

The characteristics of CRC's (Emax (N/m) and pD2) for isoprenaline after precontrac

t s with the thromboxane A2 (TP)-receptor agonist U46619 for the injured and sham-
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Table 3 

Maximal vasodilator responses (Emm) to methacholine (MCh, 3 juM) and toforskoline (Fsk, 

10 /JM) of injured left and sham-operated right carotid arteries at increasing periods (i. e. 
weeks) following balloon injury 

Em„ [% of precontraction] Ema« [% of precontraction] 

weeks n MCh MCh n Fsk Fsk 
injured sham injured sham 

0 37 -1.2 ±2.0* 84.7± 1.5 6 89.7 ±1.7 93.1 ±0.9 

2 29 -6.4 ±3.3* 83.5 ±2.0 5 94.7 + 2.4 95.8 ±0.8 

8 30 6.8 ±0.2* 80.9 ±0.1 5 96.5 ±3.6 97.1 ±1.3 

16 30 83.4 ±1.7 79.6 ±3.6 6 93.7 ±0.8 93.4 + 1.4 

Data are presented as means ± SEM. *: p < 0.05 versus sham. 

n = number of animals; injured = injured left carotid artery, sham = sham-operated right 
carotid artery. 

operated artery preparations at all time points postinjury are summarized in Table 4 

and depicted in Figure 1. Balloon injury of the rat carotid artery induced a significant 

decrease in isoprenaline-induced vasodilator response, immediately postsurgery. 

However, these responses to isoprenaline became significantly enhanced in the in

jured artery preparations, compared to their contralateral controls, from 2 weeks 

postinjury onwards (Student's t, Table 4). When compared to the responses immedi

ately postinjury, it appeared that at 2, 8, and 16 weeks after balloon injury, respec

tively, the maximal vasodilator responses to isoprenaline were significantly increased 

in the injured preparations, whereas for the sham-operated arteries these responses to 

isoprenaline became significantly decreased at 16 weeks postinjury (ANOVA). 

The sensitivity (pD2) for isoprenaline was significantly increased in the injured carotid 

artery preparations from 2 weeks postinjury onwards, when compared to the controls 

(Student's t, Table 4). The sensitivity also appeared significantly increased in the in

jured artery preparations at these time points, when compared to that for the injured 

arteries immediately postinjury (ANOVA). The pD2 for isoprenaline in the sham-

operated carotid arteries remained unchanged throughout the whole period of obser

vation (ANOVA, Table 4). 

Incubation with the ßi-adrenoceptor antagonist CGP 20712A showed no alterations in 

maximal response to and sensitivity for isoprenaline in sham-operated arteries at all 

time points postinjury, except for the maximal response at 16 weeks postinjury (Table 
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Table 4 

Characteristics of concentration response curves, as reflected by Emax and pD2 values, of 

injured left and sham-operated right carotid arteries for isoprenaline (0,1 nM - 3 JJM) after 
precontraction with U46619 (30 nM), at different time points post-injury, as denoted by 

'weeks ' 

Em„ [% of precontraction] pD2 

weeks n injured sham injured sham 

0 8 19.6 ±2.2* 64.0 ±4.6 6.78±0.10 6.82 ±0.06 

2 5 86.4 ± 2.2*'" 49.7 ±5.7 7.48 ± 0.08*-" 6.88±0.10 

8 8 68.6±5.7*'# 47.2 ±7.2 7.13 ±0.09*'* 6.70 ±0.12 

16 6 78.8 ±2.7*'* 34.0 ±5.3" 7.21 ±0.06*-" 6.85 ±0.15 

Data are presented as means ± SEM. ': p < 0.05 versus sham (Student's t), *: p < 0.05 versus 
t = 0 weeks (ANOVA, Bonferroni). 
n = number of animals; injured = injured left carotid artery, sham = sham-operated right 
carotid artery. 

5a & 5b). However, at 8 and 16 weeks after balloon denudation, both maximal re

sponse and sensitivity to isoprenaline were significantly reduced in injured artery 

preparations after incubation with CGP 20712A (Table 5a & 5b). 

When the artery preparations were incubated with the ß2-adrenoceptor antagonist ICI 

118,551, the isoprenaline-induced maximal responses were significantly blocked in 

injured arteries at 8 and 16 weeks postinjury, whereas in sham-operated artery prepa

rations these responses were significantly reduced for all time points after balloon in

jury, except at 16 weeks postinjury. The sensitivity for isoprenaline (pÖ2) became 

significantly reduced both in injured and sham-operated artery preparations at all time 

points postinjury, when incubated with ICI 118,551 (Table 5a & 5b). 

Incubation with indomethacine had no influence on both maximal response and sensi

tivity for isoprenaline of injured and sham-operated artery preparations at all time 

points of observation measured (Table 6a & 6b). 

When the artery preparations were incubated with L-NAME, the maximal response to 

isoprenaline was significantly decreased in sham-operated artery preparations at all 

time points but 16 weeks postinjury. Isoprenaline-induced vasorelaxation in injured 

artery preparations became significantly blunted at 2 and 8 weeks postinjury (Table 6a 

&6b). 
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Figure 1. Concentration-response curves for increasing concentrations of isoprenaline in 
injured left (0) and sham-operated right (O) carotid arteries, obtained immediately (A), 2 
weeks (B), 8 weeks (C), and 16 weeks (D), after balloon injury, respectively. 
Data are presented as means ± SEM. *: p < 0.05 versus sham-operated artery. 

Forskolin. At all time points investigated, forskolin (10 |iM) elicited full vasodilator 

responses both in injured and sham-operated carotid artery preparations (Table 3). 

Discussion 

In the present study, the ß-adrenoceptor-mediated vasorelaxation in rat carotid artery 

after balloon injury was investigated. When compared to the contralateral sham-

operated artery preparations, balloon injury of the rat carotid artery appeared to lead 

to an initial impairment with subsequent enhancement of the ß-adrenoceptor-induced 

vasorelaxation in injured artery preparations, whereas the contralateral sham-operated 

carotid artery remained uninfluenced in this respect. 

These alterations in ß-adrenoceptor-mediated responses are not related to differences 

in precontraction levels with U46619 (30 nM), since it has been shown that the 

thromboxane A2 (TP)-receptor agonist U46619 induces similar responses (i.e. both 

with respect to E w and to pD2) in both injured and sham-operated contralateral artery 

preparations at all time points postinjury (Heijenbrok, unpublished data). Forskolin, a 
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direct adenylate cyclase activator, induced full vasorelaxation in the injured artery 

preparations at all time points investigated, indicating that the signal-transduction 

pathway downstream from adenylate cyclase activation is not altered as a conse

quence of balloon injury and subsequent neointima formation. From this, it would ap

pear that the observed modifications in isoprenaline-induced vasorelaxation in 

balloon-injured rat carotid artery are related to alterations at the ß-adrenoceptor level 

itself or to changes in function of the stimulatory guanosine triphosphate-binding 

protein (Gs), that is coupled to the ß-adrenoceptor (Summers et al. 1997). 

Indeed, this study shows that balloon injury of the rat carotid artery leads to shifts in 

ß-adrenoceptor subtype populations, i.e. that of the ß r and the ß2-adrenoceptor sub

type. The ß-adrenoceptor population present in both injured and sham-operated ca

rotid artery consists mainly of the ß2-adrenoceptor subtype, since the ß2-adrenoceptor-

selective antagonist ICI 118,551 shifted the CRC for isoprenaline rightwards in most 

artery preparations investigated and could even reduce the maximal response (Emax) in 

some vessel preparations. However, at 8 and 16 weeks postinjury, the ßi-adrenoceptor 

population emerges since in the injured preparations the vasodilator response to iso

prenaline could be partially inhibited with the ßi-adrenoceptor-selective antagonist 

CGP 20712A. To our knowledge, these shifts in ß-adrenoceptor subtype populations 

in rat carotid artery with neointima have not been reported before. Although the pre

cise mechanism remains to be elucidated, it may be speculated that these changes in 

ß-adrenoceptor subtype are related to alterations of the vascular smooth muscle cell 

phenotype that are known to occur in rat carotid arteries with neointima (Clowes et al. 

1983, Campbell et al. 1988). 

In the sham-operated artery preparations, the decrease in isoprenaline-induced re

sponses at 16 weeks postinjury may be related to the age-dependence of ß-

adrenoceptor-mediated vasorelaxation. This phenomenon is not observed in the in

jured carotid artery preparations. It is known that the ß-adrenoceptor-mediated vas

cular responses decline with age (Fleisch et al. 1970, Ericsson and Lundholm 1975, 

Deisher et al. 1989). However, it remains still unclear whether this decline is related 

to defects at the level of the receptor (Mader 1992), at the level of the cAMP-

dependent protein kinase activation (Tsujimoto et al. 1986, Deisher et al. 1989, Chin 

and Hoffman 1990), or even more distally, and the detailed mechanism involved re

mains to be elucidated. A possible explanation for the observation that the injured ar

teries showed an enhanced, rather than a decreased response to isoprenaline at 16 

weeks may be related to the phenotypic alterations that occur after balloon injury (see 

above). 

In rat carotid artery, the isoprenaline-induced vasorelaxation is apparently endothe-

lium-dependent since endothelial denudation due to balloon injury significantly re-
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duced the maximal response (E™*) to isoprenaline. In addition, the isoprenaline-

induced vasorelaxation in sham-operated artery preparations could be blocked by L-

NAME. However, at 16 weeks postinjury, this function disappears in both injured and 

sham-operated arteries. At this stage, the isoprenaline-induced vasorelaxation appears 

to be solely ß-adrenoceptor-dependent in both types of artery preparations. Interest

ingly, in injured artery preparations with neointima but without functional endothe

lium, i.e. at 2 and 8 weeks postinjury, the NO-dependent ß-adrenoceptor-mediated 

function appears still to exist. This would suggest that in the endothelium-absent in

jured carotid artery with neointima the NO system is still present. The NO synthase in 

these vessels can be activated by ß-adrenoceptors, but not, as would be expected, by 

M3-receptors. 

The prostanoids appear not to be involved in the ß-adrenoceptor-mediated vasodilator 

response of the injured, neither of the sham-operated rat carotid artery, since inhibi

tion of their synthesis by indomethacine showed no alteration in the isoprenaline-

induced vasorelaxation of either vessel type. 

In conclusion, isoprenaline-induced vasorelaxation of the rat carotid artery is primar

ily mediated through activation of the ß2-adrenoceptor subtype. Balloon injury of the 

rat carotid artery with subsequent neointima formation leads to significant alterations 

in ß-adrenoceptor-mediated vasorelaxation. The immediate decrease in isoprenaline-

induced vasorelaxation, as observed for the balloon-injured carotid artery, is attribut

able to the abolishment of the endothelium-dependent ß-adrenoceptor-mediated syn

thesis of nitric oxide (NO). The subsequent enhancement of isoprenaline-induced 

vasorelaxation in the injured carotid artery is related to the appearance of an endothe

lium- and M3-receptor-independent, but ß-adrenoceptor-dependent NO system in the 

rat carotid artery with neointima. At later stages of neointima formation, the appear

ance of ßi-adrenoceptors in the presence of the ß2-adrenoceptors may account for the 

increase in isoprenaline-induced vasorelaxation in the injured carotid artery. However, 

an additional role for the function of the ß-adrenoceptor-coupled Gs protein in the 

modifications of the isoprenaline-induced vasorelaxation could not be ruled out. 
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