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CHAPTER 5 

Phospholipase C Activity Is Enhanced In Rat Carotid Arter

ies After Balloon Injury 

Frank J. Heijenbrok, Marie-Jeanne Mathy, Harry D. Batink, Martin 

Pfaffendorf & Pieter A. van Zwieten 

Submitted 



Pharmacological studies have shown that balloon injury of the rat carotid artery leads 

to transient deterioration of the ai-adrenoceptor function. At all time points, mem

brane depolarization with a high concentration of potassium chloride (100 mM) in

duced contractile responses that were not different from the sham-operated controls. 

From these results it was concluded that the contractile apparatus itself might not be 

impaired in balloon-injured rat carotid artery (Heijenbrok et al. 1998, Heijenbrok et al. 

submitted). Therefore, the observed modifications in cti-adrenoceptor-mediated re

sponses are likely to be related to alterations at the receptor level and/or at the level of 

the signal-transduction pathway. Radioligand-binding studies with the ai-

adrenoceptor ligand [3H]-prazosin showed that the ai -adrenoceptor density decreased 

significantly after balloon injury (Bruijns et al. 1998, Heijenbrok et al. submitted). 

This decrease coincided with the reduction in phenylephrine-induced contractile re

sponses. However, the ai-adrenoceptor density continued to be reduced even after 

longer periods of observation, whereas the ai-adrenoceptor-mediated contractile 

function appeared to recover. Receptor subtype analysis showed that the high-affinity 

binding sites for prazosin consisted of a uniform population of ccie-adrenoceptors, both 

in the balloon-injured and the sham-operated carotid arteries for all time points measured 

(Heijenbrok et al. submitted). Accordingly, a receptor subtype-related shift towards a 

different, more efficient signal-transduction pathway appears to be an unlikely expla

nation for the observed phenomenon. Consequently, the reduction of ai-adrenoceptor 

density per se cannot explain the observed phenomena. It seems more likely that in

jury-related adaptations in the signal-transduction pathway may be responsible, at 

least in part, for the initial impairment and subsequent recovery of cti-adrenoceptor-

mediated contractions in rat carotid artery after balloon injury. For this reason the pre

sent study was focused on the signal-transduction processes after ai-adrenoceptor 

stimulation. 

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

U46619 were used in order to establish whether the observed alterations in the ccr 

adrenoceptor-mediated contractile function might be secondary to changes in the sig

nal-transduction downstream from the receptor, rather than the consequence of oti-

adrenoceptor-related alterations. Phenylephrine, 5-hydroxytryptamine, and U46619 

are assumed to share the same signal-transduction pathway (Dorn and Becker 1993, 

Martin 1994, Ruffolo and Hieble 1994). After occupation of their respective receptors 

present on the vascular smooth muscle cells (i.e. the aiB-adrenoceptor, the 5-HTîA-

receptor, and the TP-receptor, respectively) the enzyme phospholipase C (PLC) is ac

tivated with subsequent hydrolysis of phosphoinositides (PI). Two second messengers 

are formed: inositol triphosphate (IP3) and diacylglycerol (DAG). IP3 causes the re

lease of intracellular calcium ions (Ca2+i) from the sarcoplasmatic reticulum, leading 

74 



i 
PLC 

PI IP, + DAG 

Fig. 1 Schematic diagram of the signal-transduction pathway associated with the at-
adrenoceptor, 5-HT2A-receptor, and TP-receptor, respectively. After occupation of the re
ceptor (R) the enzyme phospholipase C (PLC) is activated. Consequently, phosphoinositides 
are hydrolyzed to inositol triphosphate (IP3) and diacylglycerol (DAG). IP3 causes the re
lease of calcium ions (Ca2*) from the sarcoplasmatic reticulum (SR). Increase of intracellu
lar Ca2* (Ca2*!) leads to activation of the contractile apparatus. DAG activates the enzyme 
proteinkinase C (PKC), that renders the proteins of the contractile apparatus more sensitive 
for Ca2* (Dorn and Becker 1993, Martin 1994, Ruffolo and Hieble 1994). See text for details. 

to the activation of the contractile apparatus. DAG activates protein kinase C (PKC). 

PKC is involved in the contractile response by mediating the calcium sensitivity of 

contractile proteins in vascular smooth muscle cells (see Figure 1) (Berridge 1993, 

Dorn and Becker 1993, Martin 1994, Ruffolo and Hieble 1994, Graham et al. 1996). 

In the present study, contractile responses of balloon-injured and sham-operated con

trol carotid artery preparations to 5-hydroxytryptamine and U46619 were quantified. 

In addition, the phenylephrine-induced formation of inositol phosphates (IP) and the 

contractile response to phorbol myristate acetate (PMA) were measured to investigate 

the activity of PLC and PKC, respectively, in the various 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 |il 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. 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 distally from 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 (raM): NaCl (136), KCl (2.5), MgCl2 (0.5), CaCl2 (1.8), NaH2P04 

(0.42), NaHCC-3 (11.9), and glucose (5.5). The arteries were cleaned of superficial fat 

and adherent connective tissue under a dissection microscope (Olympus, Tokyo, Ja

pan), 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. These segments were used for 

the functional studies and for the inositol phosphate measurements. 

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 (IP. 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. 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. Sub

sequently, the vessels were precontracted with the ai-adrenoceptor agonist phenyl

ephrine (PhE, 3.10"6 M). After reaching a steady level, a single dose of the 

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

the presence or absence of functional endothelium. Subsequently, the preparations 

were washed frequently with normal TS and equilibrated for 30 min. 

Finally, for the individual preparations a concentration-response curve (CRC) was 

made for either 5-hydroxytryptamine (5-HT, 10'8 - 10"5 M), or for U46619 (1010 -

3.10"7 M), respectively. In separate preparations, a single concentration of the pro-

teinkinase C activator phorbol myristate acetate (PMA, 10"5 M) was added to the bath 

during 90 min. 

[3H]-Inositol monophosphate assay 

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"). 

They were immediately placed in oxygenated TS at 4°C. After cleaning, each artery 

was cut into equal parts of rings measuring 2 mm. Subsequently, each segment was cut 

longitudinally and divided into two equal segments. Inositol monophosphate assay was 

performed as described by Eid and De Champlain (Eid and De Champlain 1988). Indi

vidual segments were labelled with 10 u.Ci/ml /wyo-[3H]-inositol in 1 ml vials contain

ing 300 ul TS, to which adenosine deaminase (5 ug/ul) was added. After incubation for 

60 min at 37°C, 10 ul LiCl (3.10"1 M) was added to prevent the degradation of inositol 

monophosphates and to optimize their accumulation. To study the reactivity of the 

phosphoinositide (PI) pathway, 10 ul phenylephrine (3.10'5 M) was added 20 min later 
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and the incubation was continued for 60 min. Following incubation, the segments were 

washed twice with 1 ml of TS (4°C). The reaction was stopped by the addition of 990 

U.I of methanol/chloroform mixture (1:2; 4°C). Subsequently, the samples were vor-

texed for 60 s and centrifuged (750 g) for 15 min at 4°C to facilitate phase separation. 

Aliquots of the aqueous phase (450 ul) were then transferred to a column containing 5 

ml of resin AG 1-X8 (200-400 mesh, formate form). The columns were subsequently 

washed twice with 5 ml distilled water, 5 ml 60 mM ammonium formate solution to 

elute glycerophosphoinositides, and 1 ml 0.1 M formic acid/1 M ammonium formate 

solution to elute [3H]-Q°, respectively. The latter fraction was added to 8 ml of scintilla

tion fluid, and radioactivity was measured in a liquid scintillation counter at 42% effi

ciency. Basal activity was estimated using the same incubation and elution procedures 

except that TS was added instead of phenylephrine. Experiments were performed in 

quadruplicate. 

Statistical analysis 

Pharmacological studies 

Using a computer program (Graphpad, Institute for Scientific Information, San Diego, 

Calif, USA), concentration-response curves (CRC's) for 5-HT and for U46619 based 
on the following relationship: 

E = Em a x .A p . (A p + EC50
P)-1 

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

responses were expressed and calculated as absolute (N/m) values. In the equation, E 

is the response obtained at a given concentration A of agonist, Emax is the maximally 

attainable response, EC50 (expressed as negative decadic logarithm: pD2) is the con

centration of agonist that is required for half maximal effect and the exponent P de

scribes the slope of the relationship (Hill coefficient). 

The data shown are expressed as means ± SEM. Comparison between injured and 

sham-operated artery preparations at one time point was performed by a two-tailed 

Student's Mest for unpaired data. A/?-value of less than 0.05 was considered to de

note statistical significance of differences. 

[ H] Inositol monophosphate assay 

Results are given as means ± SEM. Statistically significant differences between in

jured and sham-operated arteries at one time point were analysed by a Mann-Whitney 

U-test for paired data. A/7-value of less than 0.05 was considered to indicate statisti

cal significance of differences. 
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Chemicals 

The following drugs were used: (acetyl-ß) methacholine chloride, 9,11-dideoxy-

lla,9ct-epoxymethanoprostaglandin F 2 a (U46619), 5-hydroxytryptamine oxalate, L-

phenylephrine hydrochloride, and phorbol myristate acetate, which were obtained 

from Sigma Chemical Co. (St Louis, MO, USA). Myo-[3H]-inositol was purchased 

from Amersham Life Science Products (Buckinghamshire, UK). Adenosine deami

nase was obtained from ICN Biomedicals (Zoetermeer, The Netherlands). Potassium 

chloride and all other chemicals used for the preparation of Tyrode's solution were of 

analytical grade and obtained from Merck (Darmstadt, FRG) as were all other chemi

cals used for the biochemical studies. All drugs were freshly prepared by dissolution 

in distilled water, except for phorbol myristate acetate, which was dissolved in 99% 

dimethylsulphoxide (DMSO) and kept frozen prior to use. 

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 optimal lumen diameter (Lioo) as 

derived from the normalisation procedure, was significantly decreased for the injured 

artery preparations measured 2 weeks or more postsurgery, when compared to their 

contralateral controls. 

Table 1 

Time course of body weight of the donor rats. Characteristics of injured left and sham-
operated right carotid arteries, expressed as L10o 

weeks n bw surg. bw exp. Lioo Lioo 

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

0 17 284.5 ±5.1 284.5 ±5.1 1035.6±21.8 1068.8 ±23.2 

2 21 288.5 ±2.7 347.0 ±5.0 1003.4 ±21.0* 1157.8 ±22.3 

8 17 291.9 ±2.9 423.6 ±9.0 953.0 ±39.6* 1190.9 ±26.3 

16 21 274.2 ±6.8 461.6± 11.6 1006.4 ±40.6* 1196.9 ±27.2 

Data are presented as means ± SEM. *: p < 0.05 versus sham-operated right carotid artery. 
Bw surg = body weight prior to surgery, exp = prior to experiment, injured = injured left 
carotid artery, sham = sham-operated right carotid artery; Lt0o ~ normalized internal di
ameter at transmural pressure of 100 mmHg (see "Methods, Pharmacological studies"). 
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Table 2 

Contractile responses to high potassium chloride concentrations (K*. 100 mM), to 

phenylephrine (PhE, 3 pM), and vasodilator responses to methacholine (MCh, 10 pM) in 

injured left and sham-operated right carotid arteries, respectively 

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

weeks n injured sham injured sham injured sham 

0 17 3.1 ±0.3 3.7 ±0.3 2.5 ±0.4 2.5 ±0.3 1.2 ± 1.8* 73.7 ±5.5 

2 21 3.6 ±0.3 4.2 ±0.2 1.0 ±0.2* 2.8 ±0.3 0.0 ±0.0* 78.5 ±3.5 

8 17 4.2 ±0.1 4.5 ±0.1 1.5 ± 0.1* 3.1 ±0.2 2.4 ±2.3* 79.4 ±3.5 

16 21 4.5 ±0.2 4.5 ±0.2 2.7 ±0.2 2.8 ±0.2 59.7 ±7.3 73.0 ±5.3 

Data are presented as means ± SEM. *: p < 0.05 versus sham-operated right carotid artery. 
The period postinjury is indicated by "weeks". 

Injured = injured left carotid artery, sham = sham-operated right carotid artery. 

Pharmacological studies 

Potassium chloride 

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

sponse to a high potassium chloride concentration (100 mM) appeared not to be 

changed by balloon injury in comparison to their contralateral control, for all periods 

of observation (see Table 2). 

Phenylephrine 

The contractile response to phenylephrine of injured artery preparations was signifi

cantly reduced at 2 and 8 weeks postsurgery. At 16 weeks postinjury, this response 

had recovered to control values (see Table 2). 

Methacholine 

Balloon injury caused complete abolishment of relaxation in the artery preparations 

that had been injured 8 weeks or less prior to the pharmacological experiments. How

ever, at 16 weeks the vasodilator responses to methacholine appeared fully recovered 

in injured vessels when compared with their contralateral control preparations (see 

Table 2). 

5-Hydroxytryptamine (5-HT) 

Both maximal contractile responses (Emax, N/m) and sensitivity (pD2) as measured in 

injured and sham-operated artery preparations at different time intervals are listed in 
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Figure 2. Concentration-response curves of 5-HT in injured left (*) and sham-operated right 
(O) carotid arteries, obtained immediately (A), 2 weeks (B), 8 weeks (C), and 16 weeks (D), 
after balloon injury, respectively. Note the full functional recovery at 16 weeks. 
Data are presented as means ± SEM. *: p < 0.05 versus sham-operated artery. 

Table 3 

Characteristics of the concentration response curves, as reflected by E„lax and pD2 values, of 
injured left and sham-operated right carotid arteries for the vasoconstrictor agent 5-HT 

(WnM-lOfiM) 

Ema, [N/m] pD2 

weeks n injured sham injured sham 

0 6 2.6 ±0.3 2.1 ±0.2 5.7±0.1* 5.5 ±0.1 

2 7 0.8 ±0.2* 2.2 ±0.2 5.6±0.1 5.8 ±0.1 

8 5 0.8 ±0.2* 1.7 ±0.4 5.5 ±0.2 5.8 ±0.2 

16 6 1.9 ±0.3 2.2 ±0.4 5.6±0.1 5.6 ±0.1 

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

The periodpostinjury is indicated by "weeks ". 
Injured = injured left carotid artery, sham-operated = sham-operated right carotid artery. 
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Table 4 

Characteristics of concentration response curves, as reflected by Enlax and pD2 values, of 
injured left and sham-operated right carotid arteries for the vasoconstrictor agent U46619 

(0,lnM-0,3/jM) 

*-<mai [N/m] pD2 

weeks n injured sham injured sham 

0 6 3.5 ±0.1 3.7±0.1 8.1 ±0.0 8.1 ±0.0 

2 7 3.0 ±0.3 2.9 ±0.2 7.8 ±0.1 8.0±0.1 

8 6 3.9 ±0.2 4.5 ±0.3 7.9 ±0.1 7.8 ±0.1 

16 7 3.4 ±0.2 3.7 ±0.2 7.9 ±0.1 8.0±0.1 

Data are presented as means ± SEM. 

The period postinjury is indicated by "weeks ". 

Injured = injured left carotid artery, sham = sham-operated right carotid artery. 

Table 3 and depicted in Fig. 2. The sensitivity towards 5-hydroxytryptamine in the 

injured preparations was significantly increased only immediately after surgery, in 

comparison to the control preparations. The maximal contractile responses were sig

nificantly decreased at 2 and 8 weeks postsurgery, respectively, but appeared to be 

fully restored at 16 weeks (see Table 3 and Fig. 2). 

U46619 (TP-receptor agonist) 

The characteristics of the concentration-response curves for U46619 for the artery 

preparations isolated from rats at the different time points are summarized in Table 4. 

When compared to their contralateral sham-operated controls, the U46619-induced 

maximal contractile responses (expressed as Emax, N/m) of the injured left carotid ar

teries appeared not to be significantly influenced by balloon injury, for all time points 

measured. Furthermore, balloon injury did not lead to significant changes in sensitiv

ity (pD2) towards U46619 in the left carotid artery preparations when compared to the 

controls throughout the study period (see Table 4). 

Phorbol myristate acetate (PMA) 

Table 5 shows the contractile responses to PMA (10"5M) of both injured and sham-

operated artery preparations at different time points of observation. For all injured 

vessels the maximal responses were comparable to their control values. We also es

tablished the time required obtaining full recovery of the response. Accordingly, at 2 
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Figure 3. Contractile responses (relative to high potassium-induced response, %) after 
stimulation with phorbol myristate acetate (PMA, 10 pM) in injured left (0) and sham-
operated right (O) carotid arteries at 0 (dashed lines) and 16 (solid lines) weeks, in figure A, 
and at 2 (dashed lines) and 8 (solid lines) weeks, in figure B, after intervention. Note the re
tarded responses in injured left carotid arteries at 2 and 8 weeks after balloon injury (B). 
Data are presented as means ± SEM. *: p < 0.05 versus sham-operated artery. 

and 8 weeks postsurgery, the duration of PMA-induced maximal contraction was sig

nificantly slower in injured vessel preparations than in their contralateral control 

preparations (see Fig. 3 and Table 5). 

J3H]-lnositol monophosphate assay 

The measured basal phosphate formation (expressed as total radioactivity, c.p.m.) ap

peared not to be significantly different between the injured and the sham-operated ar

tery preparations at all time points of observation (Table 6). However, the 

phenylephrine-enhanced inositol phosphate formation in the injured carotid artery ap

peared significantly elevated, both absolutely and relatively, when compared to its 

controls, at 2 weeks postsurgery (see Table 6). 

Discussion 

In accordance with previous studies, the present investigation showed a significant 

impairment of ai-adrenoceptor-mediated contractile responses in rat carotid arteries at 

2 and 8 weeks postinjury. This response, however, recovered at 16 weeks after bal

loon injury. The endothelium-dependent function was also impaired, but recovered 

completely after 16 weeks, as quantified by the vasodilator response to the muscarinic 

M3-receptor agonist methacholine. The contractions induced by membrane depolari

zation with a high concentration of potassium solution (K+, 100 mM) were not modi

fied by balloon injury (Heijenbrok et al. 1998, Heijenbrok et al. submitted). 

85 



In all aspects (i.e. Emax and pD2), the 5-hydroxytryptamine (5-HT)-induced responses 

and the (Xi-adrenergic responses with phenylephrine in injured and control prepara

tions were identical for all time points postinjury (this study and Heijenbrok et al. 

1998). The thromboxane A2-receptor (TP)-mediated contractions were not influenced 

by balloon injury. It is generally assumed that the ai-adrenoceptor, the 5-HT2A-

receptor, and the TP-receptor are coupled to phospholipase C (PLC) in vascular 

smooth muscle cells through which the contractile response is induced (see Figure 1) 

(Berridge 1993, Dorn and Becker 1993, Martin 1994, Ruffolo and Hieble 1994, Gra

ham et al. 1996). It may thus be speculated that modifications in contractile response 

to phenylephrine and 5-HT in the injured rat carotid artery are related only to altera

tions at the cti-adrenoceptor and 5-HT2A-receptor levels, respectively. However, these 

speculations leave the divergence between ai-adrenoceptor function and density, as 

observed at 16 weeks postinjury, still unexplained (Heijenbrok et al. submitted). 

Therefore, it seems more likely that additional alterations in the common signal-

transduction pathway downstream from the receptor may be responsible for the ob

served phenomenon with phenylephrine and 5-HT. The contractile responses induced 

by TP-receptor occupation are not influenced by balloon injury. Accordingly, it may 

be assumed the TP-receptor is not exclusively coupled to PLC stimulation, but also 

activates other signalling pathways in the vascular smooth muscle cell leading to 

vasoconstriction. 

In the present study, the activity of PLC in balloon-injured rat carotid artery prepara

tions was either significantly increased or at least comparable to that in the contralat

eral control preparations. When these data are related to the density of ai-

adrenoceptor, as measured previously (Bruijns et al. 1998, Heijenbrok et al. submit

ted), it appears that from 2 weeks postinjury onwards PLC activity is significantly en

hanced. O'Malley and co-workers also observed an increase of IP formation 

following noradrenaline stimulation in rabbit aorta at 2 weeks postinjury. It was 

shown with radioligand-binding studies that this was related to increased sensitivity 

for noradrenaline (O'Malley et al. 1991). However, this latter finding could not be 

confirmed by our functional experiments for 5-HT and phenylephrine (this study and 

Heijenbrok et al. 1998). The amount of IP formed in the injured preparations at all 

time points postinjury should have been sufficient to induce contractile responses, that 

were at least comparable to those observed in the contralateral control artery prepara

tions. This was only true for the carotid artery preparations, injured 16 weeks prior to 

the measurements. Accordingly, it is conceivable that the signal-transduction mecha

nisms downstream from the IP formation are impaired in the injured carotid artery 

preparations at 2 and 8 weeks postinjury, respectively. 
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In vascular smooth muscle cells, inositol phosphoinositides, such as inositol triphos

phate (IP3), increase the [Ca2+]; via stimulation of the release of calcium ions (Ca2+) 

from the sarcoplasmatic reticulum through the IP3-receptors (see Figure 1) (Berridge 

1993). This would mean that alterations at the level of sarcoplasmatic reticulum-

dependent Ca2+ release and/or mechanisms downstream from the [Ca2+]i increase may 

explain the impaired contractile responses in injured carotid artery preparations. High 

concentrations of potassium chloride induce contractile responses in vascular smooth 

muscle cells by membrane depolarization. Subsequently, the membrane L-type cal

cium-channels are opened and Ca2+-influx is enhanced. As a direct result, [Ca +]i be

comes increased. Since the contractile responses to K+-TS were not modulated by 

balloon injury of the carotid artery, it may be assumed that downstream from [Ca +]i 

the contractile apparatus is not impaired in injured carotid artery preparation. In addi

tion, proteinkinase C (PKC) activity in the rat carotid artery appeared not to be altered 

as a consequence of balloon injury, although the duration of force development was 

significantly slower at 2 and 8 weeks postinjury. This means that the sensitivity for 

Ca2+ of the contractile proteins in vascular smooth muscle cells present in rat carotid 

artery is not influenced by balloon injury. 

From these data, it may be assumed that at 2 and 8 weeks postinjury either the activa

tion of nVreceptors present on the sarcoplasmatic reticulum and subsequent release 

of Ca2+ is impaired in the injured carotid arteries, or the sarcoplasmatic reticulum it

self is depleted of Ca2+. At 16 weeks postinjury, these alterations in sarcoplasmatic 

reticulum-dependent Ca2+-release appear to be restored. 

The fact that the vessels showed a higher stimulated PLC activity at two weeks 

postinjury, despite a reduced cti-adrenoceptor density, and a basically unaltered func

tion of the contractile apparatus, leads us to the conclusion that in injured carotid ar

tery the nvinduced release of activator calcium from the sarcoplasmatic reticulum 

may be impaired. At 16 weeks postinjury, this release of calcium from the sarcoplas

matic reticulum appears to be restored. Since the thromboxane A2-induced contractile 

responses are not influenced in balloon-injured rat carotid arteries, it may be assumed 

that TP-receptor occupation in vascular smooth muscle cells is not mediated exclu

sively via activation of phospholipase C and subsequent IP formation, but that addi

tional signalling mechanisms are involved in the contractile response, in contrast to 

earlier assumptions. 
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