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CHAPTER 8 

General Discussion And Conclusions 



Vascular proliferative diseases such as atherosclerosis, postangioplasty restenosis, ve

nous graft disease, and transplant vasculopathy, have as a common feature the pres

ence of an extensive neointima. Numerous animal and human studies have dealt with 

the morphological characteristics of the process of neointima formation after inflicting 

injury upon the artery. Subsequently, investigations have been performed to elucidate 

the mechanisms involved and to attempt and find therapeutic means to prevent these 

diseases after vascular intervention. Although animal studies have indicated the sub

stantial positive actions of currently available drugs in the prevention of various vas

cular proliferative diseases, no beneficial effects of such compounds could be 

demonstrated under clinical conditions. 

The rat carotid artery model is an established method to study the processes that occur 

during the formation of neointima after mechanical injury of the artery with an in

flated balloon catheter. This model proved reproducible, and easy to perform. 

Morphological analysis, protein and DNA content measurements of the isolated in

jured artery segments at different time points postinjury showed that mechanical rub

bing of the complete artery leads to removal of the endothelium with no significant 

medial tissue loss. A significant neointima, existing of anti-a-actin+ cells, that were 

morphologically distinct from the medial smooth muscle cells, and of extracellular 

matrix components, could be observed from 2 weeks postinjury onwards. The maxi

mal mass of neointima was reached at 8 weeks postinjury. During these stages of 

neointima formation, the protein and DNA contents also appeared significantly in

creased. Apparently, endothelial denudation per se may lead to considerable neoin

tima formation within the artery. In addition, the neointima formation appears to 

involve the process of dedifferentiation of "contractile" medial smooth muscle cells to 

"synthetic" neointimal smooth muscle cells. With the reappearance of anti-vWf" cells, 

i.e. endothelial cells, at 12 weeks postinjury the neointimal thickening process had 

stopped and even seemed to reverse. Re-endothelialization of the injured artery was 

even more pronounced at 16 weeks postinjury. These findings indicate that the rat ca

rotid artery has a strong endothelium-regenerating potency after arterial injury. Fur

thermore, this regenerated endothelium appears to be involved in the maturation, i.e. 

«differentiation, of neointimal smooth muscle cells and in the degradation processes 

of extracellular matrix occurring in the injured artery. Since the ratio between protein 

and DNA contents did not change during the process of neointima formation, it may 

be concluded that the increase in neointimal mass in rat carotid artery after balloon 

injury is largely attributable to hyperplasia instead of hypertrophy of vascular smooth 

muscle cells. 

Pharmacological studies have shown that balloon injury and subsequent neointima 

formation in the rat carotid injury did neither influence its contractile responses (re

ceptor-independent) nor the vasodilator effects (endothelium-independent). Appar-
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ently, the medial structure and function per se are not altered in arteries with neoin-

tima. In contrast, the receptor-dependent functions appear to be largely influenced by 

the morphological changes that occur in the injured rat carotid arteries. 

The muscarinic M3-receptor-dependent vasorelaxation became abolished, since me

chanical injury of the artery had completely removed the endothelium. However, 

since this endothelium-dependent function recovered with re-endothelialization of the 

injured artery, it can be concluded that the rat carotid artery possesses potent endothe

lial cell-regenerating capacity after arterial injury, not only morphologically (as de

scribed above) but also in a functional respect. 

The cti-adrenergic contractile responses, evoked by phenylephrine, proved signifi

cantly reduced after balloon injury. However, recovery of this function could be ob

served during neointima formation. 

These alterations in cti-adrenoceptor-mediated function might be related to changes in 

receptor density and/or to shifts in ai-adrenoceptor subtype populations in the injured 

rat carotid artery. Indeed, the cti-receptor density proved significantly decreased in 

these arteries, whereas the cti-adrenoceptor subtype did not change (mainly OIIB). 

However, at 16 weeks postinjury a discrepancy between cti-adrenergic function and 

ai-adrenoceptor density emerged, indicating that a reduced cti-adrenoceptor receptor 

density alone cannot fully explain its impaired function. Furthermore, arterial injury 

of the rat carotid artery does not lead to changes in the ai-adrenoceptor subtype 

population. 

It is generally assumed that the ai-adrenoceptor, the serotonergic 5-HT2A-receptor, 

and the thromboxane TP-receptor are directly coupled to the phospholipase C-

cascade. Activation of phospholipase C leads to formation of inositol phosphates (e.g. 

IP3) and diacylglycerol. Subsequently, the intracellular calcium ion concentration is 

raised and proteinkinase C is activated, leading to activation and sensitization of the 

contractile machinery in the vascular smooth muscle cell. Functional studies with the 

corresponding receptor agonists in injured rat carotid arteries revealed that the cti-

adrenoceptor and 5-HT2A-serotonergic functions were similarly impaired, whereas the 

thromboxane TP-receptor-mediated responses remained intact. Apparently, the TP-

receptor-mediated effects are not exclusively mediated via the activation of phospho

lipase C and subsequent inositol phosphate formation in rat carotid artery. Since direct 

stimulation of proteinkinase C activity and high concentrations of potassium chloride 

caused unaltered contractile responses in injured artery preparations, it can be con

cluded that the contractile apparatus in these arteries has remained intact. However, 

when phospholipase C was stimulated with phenylephrine, IP3 formation was in

creased in injured rat carotid arteries at 2 weeks postinjury. The fact that the injured 

rat carotid artery showed higher stimulated phospholipase C activity, despite a re-
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duced (Xi-adrenoceptor density and a basically unaltered function of the contractile 

apparatus, leads to the conclusion that the DVinduced release of activator calcium 

from the sarcoplasmatic reticulum may be impaired in these arteries. At 16 weeks 

postinjury, this impaired release of calcium proved to be restored. 

The isoprenaline-induced vasodilator responses proved age- and endothelium-

dependent in the normal rat carotid artery. This function was mainly ß2-adrenoceptor-

mediated and nitric oxide (NO)- but not prostanoid-dependent. However, when in

jury-induced neointima had developed, the ß-adrenoceptor function was significantly 

enhanced. This effect proved both ß r and ß2-adrenoceptor-dependent. We supposed 

that in the injured rat carotid artery the ß-adrenoceptor vasodilator function was en

hanced because the endothelium-dependent NO system was absent. However, studies 

in isolated carotid arteries taken from rats chronically treated with a nitric oxide syn

thase inhibitor could not confirm an inverse relationship between both systems. Addi

tional experiments revealed that during neointima formation the enhanced 

isoprenaline-induced vasorelaxation was mainly NO-mediated. Apparently, in injured 

rat carotid artery the neointimal nitric oxide system is responsible for the enhanced ß-

adrenoceptor function. 

The present investigation indicates that arterial injury with subsequent neointima for

mation not only provokes significant morphological alterations, but also causes im

portant pharmacological changes, in particular with respect to the oci- and the ß-

adrenoceptor systems. In contrast, the contractile apparatus as such remained fully 

preserved. These modifications of receptor-mediated functions are not only the result 

of changes in receptor density and in receptor subtype populations, but also involve 

the signal-transduction pathway. In addition, important changes in second messenger 

systems may emerge in the damaged vessels that have developed neointima. 
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