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SUMMARY 



Chapter 1 

Mechanical injury of the mammalian artery leads to formation of neointimal tissue 

within the artery. In humans, vascular proliferative diseases such as atherosclerosis, 

postangioplasty restenosis, venous graft disease, and transplant vasculopathy, have as 

a common feature the presence of an extensive neointima. In order to understand the 

changes that may occur after inflicting arterial injury, the morphology and normal and 

(patho)physiology of the mammalian artery are discussed. Subsequently, the proc

esses that are known to occur in animal arteries after injury and subsequent neointima 

formation are described. Finally, several pharmacological strategies for the prevention 

of neointima formation have been reviewed. 

Chapter 2 

To study the morphological and pharmacological changes that occur in arterial prepa

rations during neointima formation after mechanical injury, the rat carotid artery 

model was used. This method of arterial injury proved to be reproducible, and easy to 

perform. 

Pharmacological alterations were studied in isolated vessels by means of the isometric 

wire-myograph technique. Since this set-up was originally developed for arterial seg

ments with a diameter of less than 400 urn, adaptations have been made with respect 

to the mounting of the carotid artery preparations (with a diameter larger than 1000 

um) and with respect to the measurements of the vascular responses. To be able to 

compare the pharmacological responses of injured carotid artery segments with their 

contralateral sham-operated controls, additional pharmacological studies have been 

performed in normal healthy left and right rat carotid arteries. 

Chapter 3 

The influence of neointima formation on functional characteristics was investigated in 

rat carotid artery preparations. The process of neointima formation in the injured carotid 

arteries was followed in time both morphologically and morphometrically Simultane

ously with the loss of endothelial cells due to the balloon injury procedure, the vasodila

tor responses to methacholine were abolished. The sensitivity for the cti-adrenoceptor 

agonist phenylephrine appeared to be increased only immediately after injury. The bal

loon injury method led to significant neointima formation in the rat left common carotid 
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artery 2 weeks after the intervention. Eight weeks postinjury, the neointimal mass 

reached its maximum. Parallel to the formation of neointima, the ai-adrenoceptor-

mediated vasoconstrictor responses to phenylephrine were significantly impaired. After 

12 weeks of observation, reoccurrence of mature endothelial cells on the luminal surface 

of the neointima could be observed. Simultaneously, the vascular responses to phenyl

ephrine and methacholine recovered. The vasoconstrictor responses to high potassium 

concentrations (100 mM) as well as the vasodilator effects of sodium nitroprusside ap

peared to be uninfluenced by balloon injury throughout the period of observation. From 

this study we conclude that both the receptor-mediated contractile responses to cti-

adrenoceptor stimulation and the endothelium-dependent vasodilator responses to 

methacholine become severely impaired as a consequence of balloon catheter injury 

followed by neointima formation. However, these pharmacological responses may fully 

recover upon a prolonged period of endothelial regeneration. 

Chapter 4 

Balloon injury of the rat carotid artery leads to significant alterations in oci-adrenergic 

contractile function. At 2 and 8 weeks after balloon injury, the responses to the ai-

adrenoceptor agonist phenylephrine were significantly decreased. However, at 16 

weeks postinjury, these responses recovered. As the contractile responses of the ca

rotid artery to high potassium chloride concentration (100 mM) were not influenced 

by balloon injury, it was speculated that these alterations in phenylephrine-induced 

effects may be related to changes in cti-adrenoceptor density and/or subtype. The den

sity of oci-adrenoceptors in balloon-injured and sham-operated contralateral carotid 

arteries was estimated by means of radioligand-binding studies with [3H]-prazosin 

(300 pM). To characterize the ai-adrenoceptor subtypes, the effects of single concen

trations of (+)-niguldipine (30 nM; i.e. aiA-adrenoceptor-selective ligand), BMY7378 

(3 nM; aiD-adrenoceptor-selective ligand) and chloroethylclonidine (100 uM during 

30 min; an irreversible ais/iD-adrenoceptor antagonist) on specific binding in the 

presence of 300 pM [3H]-prazosin were evaluated. Specific binding of [3H]-prazosin 

in balloon-injured arteries was significantly reduced at 2, 8, and 16 weeks postinjury. 

Subtype analysis data showed that the high affinity binding sites for prazosin con

sisted of a uniform population of am-adrenoceptor, both in the balloon-injured as well 

as in the sham-operated carotid arteries at all points in time investigated. From these 

data, it may be concluded that the reduction of ai-adrenoceptor density per se does 

not explain the impaired function. Adaptations in the signal-transduction pathway 

may play an additional role in the initial impairment and subsequent recovery of oti-
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adrenoceptor-mediated contraction. It has been demonstrated that changes in cti-

adrenoceptor subtype populations are not implicated. 

Chapter 5 

Balloon injury of the rat carotid artery is known to lead to a significant deterioration 

of cti-adrenergic contractile function at 2 and 8 weeks postinjury. These effects may 

be partially explained by the concomitant reduction of oci-adrenoceptor (cti-

adrenoceptor) density. However, at 16 weeks postinjury the ai-adrenoceptor density 

was still reduced, whereas the contractile function had recovered. The contractile ap

paratus per se was not damaged by balloon injury, since high concentrations of potas

sium chloride (100 mM) induced comparable contractions in injured and control 

carotid artery preparations for all time points measured. The present study was un

dertaken to investigate whether these phenomena may be related to alterations in the 

signal-transduction pathway following cti-adrenoceptor stimulation. 5-

Hydroxytryptamine (5-HT) and the thromboxane A2 (TP)-receptor agonist U46619 

were used as tools because these agonists are thought to share the same signal-

transduction pathway with the cti-adrenoceptor agonist phenylephrine in vascular 

smooth muscle. Formation of inositol phosphates (IP) was measured to study the ac

tivity of phospholipase C, and phorbol myristate acetate (PMA) was used to measure 

the activity of proteinkinase C; both enzymes are involved in ai-adrenoceptor-

mediated functions. 5-HT-induced contractile responses showed the same time-related 

pattern as observed for phenylephrine. Balloon injury did not influence thromboxane 

A2 (TP)-receptor agonist U46619-induced contractile responses. IP formation after 

stimulation with phenylephrine (30 uM) was significantly increased at 2 weeks 

postinjury; at other time points postinjury, IP formation in the injured preparations 

was the same as in the controls. PMA induced comparable contractile responses in 

injured and control carotid artery preparations at all time points measured. The fact 

that the vessels showed a higher stimulated PLC activity at two weeks postinjury, in 

spite of a reduced oti-adrenoceptor density, and a basically unaltered function of the 

contractile apparatus, leads us to the conclusion that in injured carotid artery the IPs-

induced release of activator calcium from the sarcoplasmatic reticulum may be im

paired. At 16 weeks postinjury, this release of calcium from the sarcoplasmatic re

ticulum appears to be restored. In contrast to earlier assumptions, thromboxane A2-

induced contractile responses appear not to be mediated exclusively via activation of 

phospholipase C and subsequent IP formation. 
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Chapter 6 

The objective of the present study was to investigate the influence of balloon injury 

and subsequent neointima formation in the rat carotid artery on the ß-adrenoceptor 

function. Rat left common carotid artery was subjected to balloon injury with an arte

rial embolectomy catheter; the contralateral artery was sham-operated. Immediately, 

and at 2, 8 and 16 weeks postinjury, both the injured and the sham-operated carotid 

arteries were isolated and mounted in a isometric wire-myograph set-up. Subse

quently, concentration-response curves (CRC's) were constructed for the ß-

adrenoceptor agonist isoprenaline after precontraction with the thromboxane A2 (TP)-

receptor agonist U46619 (30 nM) of the injured and sham-operated artery prepara

tions. To evaluate the involvement of the ßi- and the ß2-adrenoceptor subtypes, 

CRC's were constructed in the presence of CGP 20712A (100 pM, a ßradrenoceptor-

selective antagonist) and ICI 118,551 (10 nM, a ß2-adrenoceptor-selective antagonist). 

L-NAME (100 uM) and indomethacine (10 uM) were used to evaluate the influence 

of nitric oxide (NO) or prostanoids, respectively. Immediately postinjury, isopren-

aline-induced vasorelaxation was impaired in the injured carotid artery preparations. 

However, from 2 weeks postinjury onwards, this response appeared enhanced in the 

injured preparations. In addition, the sensitivity for isoprenaline was increased in 

these preparations. The ß-adrenoceptor population in both types of preparations con

sisted mainly of the ß2-adrenoceptor subtype, although at 8 and 16 weeks postinjury, 

the ßi-adrenoceptor subtype appeared to be present as well in the injured artery prepa

rations. Inhibition of NO synthesis led to significant decreases of ß-adrenoceptor-

mediated vasorelaxation both in injured and in sham-operated artery preparations for 

all time points, except at 16 weeks. Cyclo-oxygenase inhibition had no influence on 

isoprenaline-induced vasorelaxation in injured and sham-operated preparations. From 

this, it is concluded that ß-adrenoceptor-mediated vasorelaxation in rat carotid artery 

is partially NO-dependent and occurs mainly via activation of the ß2-adrenoceptor 

subtype. Balloon injury and subsequent neointima formation in the rat carotid artery 

leads initially to an impairment, but subsequently to an enhancement of the ß-

adrenoceptor-mediated vasorelaxation. The impairment is attributable to the removal 

of endothelium, whereas the enhanced ß-adrenoceptor-mediated function may be re

lated to the occurrence of a NO system in the neointimal smooth muscle cells. 
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Chapter 7 

Balloon denudation with subsequent formation of neointima in the rat carotid artery 

leads to an enhancement of the ß-adrenergic function. However, this increase in re

sponse disappears with the same time course as the reappearance of functionally ac

tive endothelium. It was therefore speculated that the endothelium-dependent nitric 

oxide synthesis may suppress the ß-adrenoceptor system on vascular smooth muscle. 

To investigate this hypothesis male Wistar rats were treated with the L-arginine ana

logue A^-nitro-L-arginine methyl ester (L-NAME) to inhibit the synthesis of nitric 

oxide (i.e. 15 mg/kg/day or 0.06 mmol/kg/day for six weeks p.o.). Prior to the ex

periments the mean arterial blood pressure (MAP) was significantly elevated in the L-

NAME-treated rats. The functional properties of the isolated vessel preparations were 

established by isometric force measurement in a classical organ bath set-up, in the ab

sence of L-NAME. The maximal contractile responses to a high potassium chloride 

solution (100 mM), to the ai-adrenoceptor agonist phenylephrine, and to the throm

boxane A2 (TP)-receptor agonist U46619, were not influenced by chronic L-NAME-

treatment in the carotid and mesenteric artery preparations. The vasodilator responses 

to methacholine were significantly impaired in the carotid arteries, but not in the mes

enteric arteries, of L-NAME-treated animals. In addition, chronic inhibition of NO 

synthesis caused significant deterioration of the ß-adrenoceptor-mediated vasodilator 

responses in the carotid arteries. In the mesenteric arteries isolated from the L-NAME-

treated animals, the sensitivity for isoprenaline was significantly decreased. From 

these data, it may be concluded that chronic L-NAME treatment results in a stable im

pairment of the endothelium-dependent NO system in the rat carotid but not mesen

teric arteries. This difference may be due to the presence of endothelium-dependent 

hyperpolarizing factor (EDHF) in the resistance arteries. Chronic inhibition of the NO 

synthesis does not increase isoprenaline-induced relaxation of conduit and resistance 

arteries. Furthermore, the impairment of the vasodilator responses points towards a 

contribution of NO synthesis in the ß-adrenoceptor-mediated effects. 
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