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CHAPTER 4 
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Neointima formation is believed to be one of the important components involved in 

the reocclusion after vascular interventional techniques, such as venous bypass graft

ing, endarterectomy and angioplasty (Davies and Hagen 1994, Pauletto et al. 1994, 

Fuster et al. 1995). Balloon injury of the rat carotid artery leads to significant neoin

tima formation, involving predominantly smooth muscle cells and extracellular matrix 

components. Morphometrically, the cross-sectional area of the neointima increases 

from 2 weeks onwards until 8 weeks postintervention. At twelve weeks, re-

endothelialization of the injured preparations could be observed, that was even more 

pronounced four weeks later (Heijenbrok et al. 1998). 

Denudation and subsequent neointima formation not only cause morphological 

changes, but also lead to significant alterations in the pharmacological properties of 

the vessel (Cooke et al. 1991, Candipan et al. 1994, Heijenbrok et al. 1998). For ex

ample, as a result of endothelial denudation the endothelium-dependent vasodilator 

function is abolished. However, with reappearance of anti-von Willebrand factor 

(vWf)-positive and functionally active endothelium vasodilator activity recovers 

(Heijenbrok et al. 1998). 

It was also found that balloon injury of the rat carotid artery has a significant deterio

rating influence on the ai-adrenoceptor-mediated contractile function (Cooke et al. 

1991, Candipan et al. 1994, Heijenbrok et al. 1998). Interestingly, this function ap

peared to recover eventually, apparently simultaneously with the observed re-

endothelialization. As receptor-independent contractile responses to high concentra

tion of potassium chloride (100 mM) were not altered in balloon-injured carotid ar

teries (Heijenbrok et al. 1998), the reduction in ai-adrenergic function may be related 

to changes at the level of the ai-adrenoceptor. In addition, Bruijns et al. recently 

showed that the total ai-adrenoceptor number was significantly reduced in balloon-

injured rat carotid arteries (Bruijns et al. 1998). 

In the present study we performed radioligand-binding studies with the labelled oci-

adrenoceptor antagonist [ Hj-prazosin in balloon-denuded rat carotid artery prepara

tions after different periods of time and compared these findings with those obtained 

in the contralateral arteries that had been sham-operated. In addition, the oti-

adrenoceptor subtypes were characterized. To relate these data to the functional prop

erties of the arterial preparations, isometric responses to receptor-independent stimu

lation with high potassium concentration (100 mM), the ai-adrenoceptor agonist 

phenylephrine (3 uM), and the endothelium-dependent vasodilator methacholine (10 

uM) were evaluated. 
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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. 

Balloon injury of the left common carotid artery was performed as described by 

Clowes et al. (Clowes et al. 1989b) with some slight modifications (Heijenbrok et al. 

1998). Rats were anaesthetized by intraperitoneal administration of a mixture of ke-

tamine, xylazine and atropine (8 mg, 4 mg and 5 ug per 100 g body weight, respec

tively). Both left and right common and external carotid arteries were exposed via a 

midline incision in the neck. The lumen of the left common carotid artery was rubbed 

gently with an arterial embolectomy balloon catheter (2F Fogarty; Baxter, Maarssen, 

The Netherlands) that was inflated with 20 ul of sterile distilled water. This procedure 

was repeated thrice in order to obtain complete denudation. The contralateral right 

common carotid artery was not subjected to any further treatment (sham-operated), 

thus serving as an internal control. 

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. After 0, 2, 8 and 16 weeks re

spectively, rats were anaesthetized with ketamine and xylazine. Both the left and right 

common carotid arteries were carefully excised from just above the bifurcation to 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% C02). The composition of TS was as 

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

NaHCÛ3 (119), 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 possibly present endothe

lium. 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. Two platinum 

wires (d = 200 urn) were introduced into the lumen of a 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 (Depex, De Bilt, The Netherlands). The prepara

tions were equilibrated for 60 min in TS at 37°C and oxygenated with carbogen (95% 
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O2, 5% CO2), at a pH of 7.4. The medium was replaced every 20 min. Subsequently, 

the relationship between passive wall tension and internal circumference was deter

mined by an established normalisation procedure (Mulvany and Halpern 1976, Mul-

vany and Halpern 1977). Accordingly, the internal circumference was adjusted to a 

value expected at a transmural pressure of 100 mmHg (13.3 kPa) in order to approach 

the physiological circumstances. This value was then divided by n to obtain the nor

malized internal lumen diameter (L100). 

After the normalisation procedure, the arteries were equilibrated for another 60 min 

with washing after each period of 20 min, before they were depolarized 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. 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 pre

contracted with the oci-adrenoceptor agonist phenylephrine (PhE, 3 uM). After 

reaching a steady level, one dose of the endothelium-dependent vasodilator metha-

choline (MCh, 10 uM) was added to assess the presence or absence of functional en

dothelium. 

[3H]-Prazosin ligand-binding assay 

As the amount of tissue available was too small to perform full saturation-binding 

analysis, we adopted the method that was described in detail by Stassen et al., using 

one concentration of [3H]-prazosin (i.e. 300 pM). This concentration is sufficient to es

timate the density of ai-adrenoceptor subtypes with a high affinity for prazosin (Stassen 

etal. 1997a). 

After 0, 2, 8 and 16 weeks, respectively, rats were anaesthetized with ketamine and 

xylazine. Both the left injured and right sham-operated common carotid arteries were 

carefully excised and prepared as described earlier (see "Pharmacological studies"). 

Each artery was cut into four segments of 5 mm; each segment was subsequently cut 

longitudinally into two equal parts. Each individual segment was then incubated for 

60 min at 37°C in 250 ul of 50 mM Tris-HCl, 5 mM MgCl2 at pH of 7.4 (incubation 

buffer), containing 300 pM [3H]-prazosin (i.e. total binding). Non-specific binding 

was determined in parallel incubations in the continuous presence of phentolamine 

(25 uM). After incubation, the arterial segments were gently blotted and rinsed during 

vortexing for 30 s with 1 ml incubation buffer at 37°C. Subsequently, the arteries 

were filtered over Whatman filters (GF/C) and rinsed 5 times with incubation buffer 

at 4°C under vacuum. The segments were then solubilized in 200 ul of 1 N NaOH. To 

100 u.1 of this solution, 5 ml scintillation fluid was added and radioactivity was deter

mined in a liquid scintillation counter. To the remaining 100 ul, 900 ul H20 was 
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added and protein and the DNA content were determined as described by Bradford 

(Bradford 1976) and Labarca and Paigen (Labarca and Paigen 1980), using bovine 

serum albumin and calf thymus DNA as internal standards, respectively. Specific 

binding was calculated by subtracting non-specific binding from total binding. 

In separate animals, the ai-adrenoceptor subtypes in both balloon-injured and sham-

operated arteries were characterized at 3 days, and 2, 10 and 20 weeks postinjury, re

spectively. The ligands (+)-niguldipine, which is an aiA-adrenoceptor-selective li-

gand, and BMY7378, being a selective ligand for am-adrenoceptors were used to 

identify the existence of the respective ai-adrenoreceptor subtypes. To investigate the 

presence of aiB-adrenoceptors chloroethylclonidine (CEC) was used, that irreversibly 

blocks both ais- and am-adrenoceptors. These analyses were limited to the effects of 

CEC (100 uM, 30 min) and preselected concentrations of (+)-niguldipine (i.e. 30 nM) 

and of BMY7378 (3 nM) on specific binding in the presence of 300 pM [3H]-

prazosin, as the size of the samples were too small to construct full displacement 

curves (Stassen et al. 1997a). 

Statistical analysis 

Pharmacological studies 

The data are presented as means ± SEM, n denotes the number of animals used. Com

parison between injured and sham-operated artery preparations at one time point was 

performed by a two-tailed Student's Mest for unpaired data. A/rvalue of less than 

0.05 was considered to indicate statistically significant differences. Statistical differ

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

of variance (ANOVA; Bonferroni): values ofp < 0.05 were considered to denote sta

tistical significance of differences. 

[3H]-Prazosin ligand-binding assay 

Results are given as means ± SEM with n denoting the number of animals used. To 

analyse for statistically significant differences between injured and sham-operated ar

teries at one time point the Mann-Whitney U-test for paired data was used: values of p 

< 0.05 were considered to indicate statistical significance. Statistical differences be

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

ance (ANOVA; Bonferroni): values ofp < 0.05 were considered to denote statistical 

significance of differences. 

Chemicals 

L-phenylephrine hydrochloride and (acetyl-ß) methacholine chloride were obtained 

from Sigma (St Louis, MO, USA). Potassium chloride and all other chemicals used 
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for the preparation of Tyrode's solution were of analytical grade and obtained from 

Merck (Darmstadt, FRG). [7-Methoxy-3H]-prazosin hydrochloride (specific activity 

75.0 Ci/mmol) was purchased from Amersham Life Science Products (Buckingham

shire, UK). Phentolamine mesylate and bovine serum albumin were obtained from 

Sigma Chemical Co. (St Louis, MO, USA), calf thymus DNA sodium salt from ICN 

Biochemicals Inc. (Aurora, Ohio, USA). Chloroethylclonidine hydrochloride (CEC) 

and 8-[2-[4-(2-methoxyphenyl)-l-piperazinyl]ethyl-8-azaspiro[4,5]decane-7,9-dione]-

dihydrochloride (BMY7378) were purchased from Research Biochemicals Interna

tional (Natick, MA, USA). (+)-Niguldipine was a generous gift from Byk Golden 

(Konstanz, FRG). All other chemicals used for the biochemical assay were of analyti

cal grade and obtained from Merck (Darmstadt, FRG). 

Results 

Animal and vessel characteristics 

The characteristics of the animals used and 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 prepa

rations studied 2 weeks or later after balloon injury, when compared with their con

tralateral controls. 

Table 1 

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

weeks n bw surg. bw exp. Lioo Lioo 

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

0 6 292.1 ±3.4 292.1 ±3.4 988.4 ± 19.9 1016.2± 22.8 

2 7 277.5 ±1.7 317.4±4.0 879.8 ± 18.6* 1068.4 ± 19.2 

8 6 286.9 ±2.9 438.8 ±12.4 961.2 ±38.7* 1140.2 ± 14.9 

16 7 284.5 ±4.8 484.9 ±9.3 1032.9 ±42.4* 1205.6±21.4 

Data are presented as means ± SEM. *: p < 0.05 versus sham-operated right carotid artery. 
Injured = injured left carotid artery, sham = sham-operated right carotid artery; LIOo = nor
malized internal diameter at transmural pressure of 100 mmHg (see "Methods, Pharmacol
ogical studies "). 
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Table 2 

Contractile responses to high potassium chloride concentrations (fC, 100 mM), to 

phenylephrine (PhE, 3 ßÄ), and vasodilator responses to methacholine (MCh, 10 /uM) in 

injured left and sham-operated right carotid arteries 

K* [N/m] PhE [N/m] MCh [%] 

weeks n injured sham injured sham injured sham 

0 6 3.6±0.1 3.6±0.1 3.0 ±0.2 2.8±0.1 0.0 ±0.0* 87.2 ±2.2 

2 7 3.7 ±0.2 3.6 ±0.3 0.9 ±0.2* 2.2 ±0.3 0.0 ±0.0* 77.8 ±4.2 

8 6 3.7 ±0.2 3.6 ±0.2 1.7 ±0.1* 2.6 ±0.2 9.0±8.1* 71.8 ±7.4 

16 7 4.2 ±0.3 4.3 ±0.2 2.8 ±0.3 3.1 ±0.3 60.5 ±7.2 58.7±3.7 

Data are presented as means ± SEM. *: p < 0.05 versus sham-operated right carotid artery. 
Injured = injured left carotid artery, sham = sham-operated right carotid artery. 

Pharmacological studies 

Potassium chloride 

The developed increase in wall tension (N/m) of the isolated left common carotid ar

tery in response to a high potassium chloride concentration (100 mM) was not influ

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

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

Phenylephrine 

The contractile responses to phenylephrine of injured and sham-operated carotid ar

tery preparations are shown in Table 2. The ai-adrenoceptor-mediated responses be

came severely impaired 2 weeks after balloon injury. This decrease in contractile 

force development was still present in vessel preparations that had been injured 8 

weeks prior to the pharmacological studies. However, the contractile response to a 

high concentration of phenylephrine recovered fully at 16 weeks postinjury (see Table 

2). 

Methacholine 

The endothelium-dependent vasodilator responses to methacholine are summarized in 

Table 2. Balloon injury caused complete abolishment of relaxation in the artery prepa

rations that had been injured 8 weeks or less prior to the pharmacological studies. 

However, at 16 weeks after balloon injury the responses to methacholine had fully 

recovered in injured vessels in comparison with their contralateral control prepara

tions (see Table 2). 
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Figure 1. The specific binding of ^-adrenoceptors in the presence of 300 pM [*H]-prazosin 

(white bars) and the contractile response to the ai-adrenoceptor agonist phenylephrine (3 

/JM; black bars) in injured left carotid arteries at different times after balloon injury. 

The specific binding of ai-adrenoceptors is expressed as relative to protein content (fmol/mg 

protein, lefty-axis). The contractile responses are expressed as relative to vessel length (N/m, 

right y-axis). 

Data are presented as means ± SEM, n = 6 - 8. *: p < 0.05 compared to specific binding of 

aradrenoceptors immediately after balloon injury (ANOVA; Bonferroni), : p < 0.05 com

pared to contractile response to phenylephrine immediately after balloon injury (ANOVA: 

Bonferroni). 

[3H]-Prazosin ligand-binding assay 

The measured total protein and total DNA content of both injured and sham-operated 

carotid artery preparations are summarized in Table 3. Immediately after balloon in

jury, total protein and DNA content of treated artery preparations did not differ from 

those of sham-operated vessels. At 2 weeks postinjury, the total protein and DNA con

tent in the injured artery preparations were both significantly increased. At 8 and 16 

weeks after balloon injury, the values of both contents were not significantly changed, 

when compared to those measured at 2 weeks. 

The density of ai-adrenoceptors was significantly reduced from 2 weeks postinjury 

onwards, when expressed relative to the total protein content, as compared to control 

preparations. This reduction in density was also found when the number was ex

pressed relative to the total DNA content. The density of ai-adrenoceptors in the in

jured artery preparations at 2, 8 and 16 weeks were comparable (ANOVA). Their 
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density in the sham-operated preparations did not change significantly over time, for 

all time points measured (see Table 3). 

At all time points investigated and for both the balloon-injured left and sham-operated 

right carotid artery, an otiA-adrenoceptor-selective concentration of (+)-niguldipine 

(30 nM) and an aio-adrenoceptor-selective concentration of BMY7378 (3 nM) failed 

to significantly modify the specific binding of [3H]-prazosin (ANOVA). Yet in all 

cases, the irreversible ctiB- and am-adrenoceptor antagonist chloroethylclonidine pre

vented all specific prazosin-binding (ANOVA; see Table 4). At 20 weeks postinjury, 

the density of ai-adrenoceptors in the injured artery preparations proved comparable 

to that in the sham-operated control preparations (Student's t, see Table 4). 

Figure 1 shows the relation between the density of cci-adrenoceptors and the contrac

tile response to phenylephrine of the balloon-injured artery preparations at the differ

ent time points. Immediately and at 2 and 8 weeks postinjury, the contractile response 

to oti-adrenoceptor stimulation paralleled the level of the receptor density. However, 

at 16 weeks after balloon injury, these oti-adrenoceptor receptor density was still re

duced, whereas the contractile function appeared to be restored, as compared to im

mediately postinjury (see Fig. 1). 

Discussion 

Moderate to large injury to the vessel by balloon injury is known to induce smooth mus

cle cells to migrate from the media to the intima where they subsequently proliferate to 

form a neointima (Clowes et al. 1983, Campbell et al. 1988, Clowes et al. 1989a, Clowes 

et al. 1989b). It has been demonstrated that in response to injury the phenotype of 

smooth muscle cells may modulate from their 'contractile' to a 'synthetic' state. These 

states differ in at least two important aspects. The contractile phenotype, related to the 

normal vascular smooth muscle cell, possesses contractile potency but does not display 

migratory or mitogenic properties, whereas the synthetic smooth muscle cell in the neo-

intimal layer, has the capacity to migrate and divide, but shows less contractile potency 

(Campbell et al. 1988). 

In the present study, it appeared from both protein and DNA measurements as well as 

the functional experiments that the method of denudation did not inflict serious anatomi

cal damage upon the medial wall. Nevertheless, this method led to significant increases 

in total protein and total DNA contents from 2 weeks postinjury onwards. This finding is 

in accordance with other studies, which have shown that medial wall damage per se is 

not a prerequisite for the formation of extensive neointimal tissue (Clowes et al. 1983, 

Clowes et al. 1989, Fingerle et al. 1990, Schwartz et al. 1996). The ratio between protein 
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and DNA content did not change significantly with time. This may suggest that in the 

present study the formation of the neointima in the injured carotid artery is largely attrib

utable to hyperplasia instead of hypertrophy of vascular smooth muscle cells. 

The contractile machinery in rat carotid arteries with neointima appeared not to be influ

enced, as the responses to a depolarizing high concentration of potassium chloride were 

comparable to control values (this study and Heijenbrok et al. 1998). However, phenyl-

ephrine-induced, that is ai-adrenoceptor-mediated, contractile responses were initially 

severely impaired in injured arteries, but recovered eventually (this study, Cooke et al. 

1991, Candipan et al. 1994, Heijenbrok et al. 1998). Because the potassium chloride-

induced responses were unaltered, it may be reasoned that the reduction of ai-adrenergic 

responses is related to modifications at the level of receptors. 

A significant reduction in specific [3H]-prazosin-binding was observed from 3 days on

wards in the injured carotid artery preparations. Most of the present findings are in close 

agreement with those described by Bruijns et al. (Bruijns et al. 1998). However, they ob

served a significant reduction in ai-adrenoceptor density even at twenty weeks after 

balloon injury, whereas in the present study it proved recovered to control values at the 

same time point postinjury. The mechanism underlying the reduction in oti-adrenoceptor 

number is unknown. Bruijns et al. suggested homologous or heterologous downregula-

tion as possible mechanisms (Bruijns et al. 1998). 

One should be cautious in interpreting these data as a possible explanation for the ob

served alterations of ai-adrenoceptor-mediated functional responses in carotid artery 

preparations with neointima. First, to compare the ai-adrenoceptor density in the differ

ent artery preparations Bruijns et al. and we ourselves have used but one concentration of 

[3H]-prazosin, i.e. 300 pM. This concentration was chosen as it is sufficient to label the 

cci-adrenoceptor subtypes, having a high affinity for prazosin, but low enough to avoid 

marked non-specific binding (Ford et al. 1994, Stassen et al. 1997a). Although this pro

cedure is useful to establish differences in receptor density between the injured and 

sham-operated rat carotid arteries, it may however underestimate the true density (Bmax) 

since 300 pM is in the order of the dissociation constant for prazosin for the investigated 

subtypes. Furthermore, the precise location of ai-adrenoceptors in carotid arteries with 

neointima is not known. It has been shown that ai-adrenoceptors are involved in the 

control of medial smooth muscle cell DNA synthesis (O'Malley et al. 1989, Fingerle et 

al. 1991, Van Kleef et al. 1992, Vashisht et al. 1992). ai-Adrenoceptors appeared, how

ever, not to be involved in the neointimal smooth muscle cell DNA synthesis (Van Kleef 

et al. 1996). It may be speculated that ai-adrenoceptors are confined to the medial layer 

and not present in the neointimal layer. In line with this suggestion, cultured and multi

ple-passaged arterial smooth muscle cells, which display a synthetic phenotype, exhibit a 

very low density of [3H]-prazosin-binding sites (0.5-1.0 fmol/ug DNA; De Mey, un-
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published observations). The reduction found in the density of cci-adrenoceptors in the 

preparations with neointima may therefore be in large part attributable to increases in 

total protein or DNA content. This may suggest that the density of ai-adrenoceptors im

plicated in the contractile response is, at least, reduced less than observed. Finally, 

whereas the density of ai-adrenoceptors was still significantly reduced, the functional 

responses to phenylephrine had fully recovered in artery preparations at 16 weeks 

postinjury. 

Taking the above-mentioned considerations into account, the observed initial deteriora

tion of ai-adrenoceptor function may be related to a reduction in receptor density per 

se. The improvement of phenylephrine-induced contractile responses as observed 16 

weeks postinjury may then be explained by an increased effectiveness of the oti-

adrenoceptor stimulation possibly as a result of adaptations in the signal-transduction 

pathway. 

However, it may also be speculated that in the rat carotid artery a 'receptor reserve' of 

ai-adrenoceptors is present. It is apparent that at 16 weeks postinjury the reduced num

ber of ai-adrenoceptors in the injured artery preparations is sufficient to induce contrac

tile responses to phenylephrine that are comparable to those of the sham-operated 

contralateral preparations. Since the density of ai-adrenoceptors in the injured artery 

preparations at 2, 8 and 16 weeks postinjury were comparable, it may be suggested that 

at 2 and 8 weeks postinjury the reduced number of ai-adrenoceptors per se is sufficient 

to induce full contractile responses. This would mean that the observed impairment of 

ai-adrenoceptor-mediated contractile function at these time points is related to coinci

dental alterations in the signal-transduction pathway downstream from the receptor. The 

improvement of contractile response as observed 16 weeks postsurgery may be ex

plained by a restoration of the signal-transduction pathway. These adaptations may be 

related to the redifferentiation processes that occur during the later stages of neointima 

formation (Kocher et al. 1991, Davies and Hagen 1994, Pauletto et al. 1994), leading to a 

restoration of agonist-induced contractions. 

The contractile response of vascular smooth muscle after stimulation of cti-

adrenoceptors is mediated through the elevation of the intracellular concentration of cal

cium ions ([Ca +];). After ai-adrenoceptor stimulation, [Ca2+]; may be increased either 

by the release from intracellular stores after activation of phospholipase C or by a direct 

elevation of the influx of extracellular Ca2+ through voltage-operated Ca2+-channels. The 

ai-adrenoceptors are currently subdivided into OCIA, OCIB, andam adrenoceptors, based on 

functional and radioligand-binding studies using subtype-specific agonists and antago

nists. All three subtypes have a high affinity for prazosin. It has been suggested that these 

ai-adrenoceptor subtypes are coupled to either one of the [Ca2+]j-increasing pathways 

with the otiA-adrenoceptor subtype to the influx of extracellular Ca2+, and the ccm-

69 



adrenoceptor subtype to phospholipase C with subsequent release of Ca + from intracel

lular stores (Minneman 1988, Boonen and De Mey 1990, Minneman and Esbenshade 

1994, Stassen et al. 1997b). One ai-adrenoceptor subtype may be coupled more effec

tively to its particular signalling pathway than the other, thereby producing a maximal 

response at a lower degree of receptor occupation, i.e. showing a 'receptor reserve'. In 

this respect, it may be reasoned that a shift in ai-adrenoceptor subtypes could explain the 

observed phenomenon. To investigate this possibility, the ai-adrenoceptor subtypes 

were characterized both in sham-operated and in injured artery preparations. From the 

data, it can be concluded that changes in the population of distinct ai-adrenoceptor sub

types is not involved in the alterations of ai-adrenoceptor-mediated contractile response 

at different time points after balloon injury, because in both balloon-injured and sham-

operated carotid arteries the high-affinity binding sites for prazosin consisted of a uni

form population of aiB-adrenoceptor and this was not modified by time after balloon 

injury. 

In conclusion, the initial loss of ai-adrenergic responses in rat carotid arteries after 

balloon injury coincides with a reduction in ai-adrenoceptor binding sites. However, 

16 weeks postinjury the ai-adrenoceptor receptor density and ai-adrenoceptor-

mediated contractile function appear to divert. From this, it may be suggested that re

duction of ai-adrenoceptor density per se does not explain the impaired function. Ad

aptations in the signal-transduction pathway may play an additional role in the initial 

impairment and subsequent recovery of cti-adrenoceptor-mediated contraction. It has 

been demonstrated that changes in ai-adrenoceptor subtype populations are not impli

cated. 
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