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V V 

Calciumm blockade prevents 
pressure-dependentt inward 

remodelingg in isolated 
sub-endocardiall  resistance vessels 

Background:: In sub-endocardial arterioles, large variations of transvascular 
pressuree exist due to the contracting surrounding myocardium. In obstruc-
tivee coronary disease, these conditions change. We hypothesized that altered 
transvascularr pressure profiles affect tone and structure of sub-endocardial ar-
terioles,, and that maintained pharmacological vasodilation induces outward re-
modelingg under these conditions. Methods and Results: 36 isolated porcine 
sub-endocardiall  vessels (around 160 ^tm) were cannulated and cultured for 3 
days.. Vessels were subjected to different transvascular pressure profiles: Osc 
80:80: mean 80 mmHg, 60 mmHg peak-peak sine wave pulsation amplitude at 1.5 
Hz;; St 80: steady 80 mmHg; Osc 40: mean 40 mmHg, 30 mmHg amplitude; 
StSt 40: steady 40 mmHg. Under the Osc 80 profile, modest tone developed, 
reducingg the diameter to 69.5  13.6% of the maximal, passive diameter. No 
inwardd remodeling was found here, as judged from the passive pressure-diameter 
relationn after 3 days of culture. Under all other profiles, much deeper tone de-
velopedd (e.g. Osc 40: . In addition, these vessels showed eutrophic 
inwardd remodeling (e.g. Osc 40: passive diameter reduction by 26.3  1.6%). 
Thee calcium blocker, amlodipine induced maintained dilation in St 40 vessels, 
andd reversed the 23.4  2.5% inward remodeling to 13.4  3.6% outward remod-
elingg towards day 3. Conclusions: During obstructive coronary artery disease, 
microvascularr mean pressure and pulsation amplitude may both be reduced. 
Ourr data indicate that either condition leads to microvascular constriction fol-
lowedd by inward remodeling. These effects could be reversed by amlodipine. 
Vasodilatorr therapy could improve microvascular function and structure, sup-
portingg sub-endocardial perfusion in coronary artery disease. 

Oanaa Sorop, Erik N.T.P. Bakker, Jos A.E. Spaan, and Ed VanBavel 
Submitted Submitted 
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5.11 Introduction 

Locall  coronary perfusion depends on both the structure of the microvascu-
larr bed and the tone of the small arteries and arterioles. Among other factors 
suchh as shear stress [1], the local pressure forms an important determinant of 
arteriolarr tone [2]. Thus, in acute experiments on isolated coronary arterioles, 
myogenicc dilation is observed when pressure is reduced. In addition, pulsating 
pressuree induces acute vasodilation [3]. This is of relevance for the vessels in the 
vulnerablee sub-endocardium that in systole are compressed by the surrounding 
myocardium.. However, in such isolated vessel experiments the pressure profiles 
aree typically maintained only for a few minutes to hours. Very littl e is known 
onn the long-term effects of pressure on coronary microvascular tone and on pos-
siblee remodeling of these vessels. Such long-term changes occur in the coronary 
circulationn as a result of hemodynamically significant stenoses. A microvascular 
componentt to myocardial underperfusion in the presence of coronary stenosis 
hass been suggested. Thus, using histology, Hong et al. observed luminal narrow-
ingg of microvessels distal to a stenosis [4]. Others have observed a compensatory 
decreasee in microvascular resistance after balloon dilation [5]. However, it is not 
clearr to what extent the local pressure profile is involved in such changes. In-
dividuall  resistance vessels are difficult to observe in vivo, since these vessels 
aree located deep in the contracting myocardium. We have recently developed 
techniquess for the organoid culture of cannulated, pressurized arterioles. In a 
studyy on rat cremaster arterioles, a causal link was found between maintained 
deepp tone and inward remodeling [6]. Based on that study, we hypothesize 
thatt sustained effects of pressure profiles on tone of cultured coronary arteri-
oless are followed by pressure-dependent remodeling of these vessels, and that 
long-lastingg pharmacological vasodilation leads to a structural enlargement. We 
culturedd porcine sub-endocardial arterioles for 3 days. We found that these ves-
selss develop a deep tone either in the presence of low mean pressure or in the 
absencee of pulsatile pressure. Such tone was associated with substantial inward 
remodeling.. The L-type calcium channel blocker amlodipine, frequently pre-
scribedd in stable angina pectoris, inhibited the sustained deep tone and induced 
outwardd remodeling of these vessels. 

5.22 Materials and Methods 

5.2.11 Experimental preparation: 

Al ll  experiments were done in accordance with the guide-lines on animal ex-
perimentss of our institution. The experimental preparation of the blood vessels 
iss described in detail elsewhere [3]. Briefly, eighteen female Yorkshire pigs weigh-
ingg 18 - 23 kg, 12 — 18 weeks old, were anesthetized, intubated and artificially 
ventilatedd and hearts were excised. Prom each heart two sub-endocardial arteri-
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FigureFigure 5.1: Basal tone development during 12 hours in culture in vessels sub-
jectedjected to various pressure profiles (n=6 in each group). 

oless were dissected free of surrounding tissue, and cannulated at both ends with 
glasss micropipettes under sterile conditions. Cannulated sub-endocardial arte-
rioless were cultured for three days (72 hours) using the technique for organoid 
culturee of cannulated cremaster muscle arterioles developed by Bakker et al. 
[6].. Briefly, after cannulation, the arterioles were perfused with Leibovitz cul-
turee medium supplemented with penicillin 100 IU/ml, streptomycin 0.1 mg/ml, 
ciprofloxacinn 0.2 mg/ml and 10% heat-inactivated FCS. Each cannula was inde-
pendentlyy pressurized by a Venturi valve, (FAIRCHILD T5200-50), driven by a 
commandd voltage. We simulated the extravascular compression exerted by the 
contractingg myocardium on sub-endocardial arterioles by applying transvascu-
larr pressure variations to the cannulated vessels. This transvascular pressure 
waveformm was obtained by reducing intravascular pressure rather than increas-
ingg extravascular pressure. A small pressure gradient was established between 
cannulass in order to ensure the refreshment of the intraluminal fluid ( shear 
stresss < 1 dyne/cm2). The vessels were superfused with Leibovitz medium with 
thee same composition, but without the FCS. Internal and external diameters of 
thee vessels were continuously measured using a video technique. The tempera-
turee was maintained constant at 37°C. All drugs were added to the superfusion 
medium. . 

5.2.22 Protocols 

ExperimentalExperimental group 1: Effect of pressure profiles: 24 sub-endocardial arte-
rioless (internal diameters around 160 zmi) were successfully isolated and can-
nulated.. During the culture period, vessels were subjected to four different 
pressuree profiles: 

OscOsc 80 group: 6 vessels were subjected to a mean pressure of 80 mmHg and 
pressuree pulsations of 60 mmHg peak-peak amplitude with sinusoidal wave-
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formm and 1.5 Hz frequency. This pressure profile combines values of steady and 
pulsatingg pressure thought to be physiological for the sub-endocardial arterioles. 

StSt 80 group: 6 vessels were kept at 80 mmHg steady mean pressure without 
transvascularr pressure pulsations. 

Bradykinin-inducedd dilation 
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FigureFigure 5.2: Bradykin-induced dilation on day 0 and 3 of culture in vessels sub-
jectedjected to different pressure profiles. The dilation is normalized to the maximal 
responseresponse to papaverine recorded on the same day (n = 6 in each group). 

OscOsc 40 group: 6 vessels were subjected to a low mean pressure of 40 mmHg, 
andd 30 mmHg peak-peak pressure pulsations. This maintains the pulsation 
amplitudee to 3/4 of the mean pressure, as in the Osc 80 group. 

StSt 40 group: 6 arterioles were kept at 40 mmHg mean pressure and no 
pressuree pulsations. 

Afterr cannulation, vessels were heated to 37° C and 10~4 M papaverine 
wass added. 30 minutes later, when the vessels were fully dilated, the passive 
pressure-diameterr curve for pressure values ranging between 10 and 120 mmHg 
wass constructed (day 0 of culture). This was repeated on the last day of culture 
(dayy 3). Remodeling was assessed from the differences in passive pressure-
diameterr curves on day 0 and 3. Basal tone development was recorded during 
thee whole experiment. Endothelial-dependent dilation to 10~6 M bradykinin 
wass recorded on day 0 and 3. 

ExperimentalExperimental group 2: Effect of amlodipine: 12 vessels (6 amlodipine, 6 
control)) were cultured at 40 mmHg steady pressure and no pressure pulsations 
(St(St 40 conditions). 10~7 M amlodipine was added to the superfusion medium 
duringg the whole experiment. Amlodipine was washed out daily for 1 hour and 
thee response to endothelin was tested. Contractility to endothelin and dilation 
too bradykinin in the presence of the preconstrictor at 40 mmHg were tested. On 
thee last day of culture, reactivity to endothelin and bradykinin were also tested 
att 10 mmHg mean pressure. 
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FigureFigure 5.3: No inward remodeling was recorded in vessels cultured under Osc 
8080 pressure profiles (n = 6, 3A). The other three groups developed significant 
inwardinward remodeling. In Osc 40 and St 40, three extra days of culture in the 
presencepresence of papaverine only partly reversed the remodeling. 

5.2.33 Electron microscopy 

Onee fresh vessel, two vessels cultured under St 40 conditions and two vessels 
culturedd in presence of amlodipine under St 40 conditions were processed for 
transmissionn electron microscopy (TEM). Vessels were fixed in 4% formaldehyde 
andd 1% glutaraldehyde in 0.1 M sodium phosphate buffer at 40 mmHg when fully 
dilatedd by papaverine. The fresh vessel was fixated shortly after cannulation 
whilee all other vessels were fixated at the end of the culture period. Vessels were 
postfixedd with 1% osmium tetroxide and 1% lanthanum nitrate and embedded 
inn LX112. Ultra-thin cross sections were made of the middle part of the vessels. 
Digitall  TEM pictures were obtained with a built-in CCD camera and analyzed 
usingg CorelDraw 9 software. 

5.2.44 Drugs 

Bradykinin,, endothelin and papaverine were purchased from Sigma Chem-
icalss (St. Louis, MO). FCS was obtained from Bio-Wittaker (Bio-Wittaker 
Europe,, Verviers, Belgium). Penicillin and streptomycin were purchased from 
GIBCOO (GIBCO, Invitrogen BV, Breda, The Netherlands). Amlodipine was 
obtainedd from Pfizer (Pfizer, USA). 
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FigureFigure 5-4: A: CSAw in any experimental condition did not change during 
cultureculture (n = 6 in each group). B: Wall/lumen diameter ratio under all pressure 
profiles.profiles. *:  P < 0.05, paired t-tests. 

5.2.55 Data analysis 

Dataa are presented as mean  SEM. Diameters were normalized to the pas-
sivee values recorded on day 0 at 80 mmHg, (dmax). Wall cross sectional area 
(CSAvy)) and wall thickness/lumen diameter ratio were calculated from the in-
nerr and outer diameters of the vessels measured from the digitized video images 
att 40 mmHg mean pressure. To test for the statistical significance of differences 
inn the vascular remodeling and tone under the various conditions we used a 
linearr mixed model approach (SPSS version 11.5.0, SPSS Inc. Chicago, Illinoi s 
USA).. Differences between days 0 and 3 in dilatory and constrictor responses to 
bradykininn and endothelin, wall cross-sectional area and wall/lumen ratio were 
testedd with Student paired t-test. Significance was accepted for P < 0.05. 
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5.33 Results 

5.3.11 Experimental group 1 

BasalBasal tone: Vessels under the Osc 80 profile developed less deep basal tone 
ass compared to all other pressure profiles. In the Osc 80 group (n = 6, dmax— 
1755  11 /im) basal tone started to develop 12 hours after the beginning of the 
experiment.. Tone developed progressively during the culture period, diameters 
decreasingg on day three of culture to 69.5  13.6% of dmax (Fig. 5.1). In the St 
8080 group (n = 6, dmax= 162 0 /mi) the active tone development followed a 
similarr time course, but was much deeper. Thus these vessels constricted on the 
lastt day to 35.7  4.8% of dmax (Fig. 5.1). The vessels maintained at low mean 
pressuree (Osc 40 group, n = 6, dmax— 172  19 /im, and St 40 group, n = 6, 
ddmamax=x= 5 /mi) remained dilated for approximately 24 hours, but then also 
developedd a deep tone. Diameters decreased to 21.4  3.4% of dmax in Osc 40 
andd 36.8 % of dmax in St 40 arterioles. At day 3 the active diameters were 
similarr (P = N.S.) in St 80, Osc 40 and St 40 groups but significantly smaller 
ass compared to the Osc 80 group (P < 0.01, Linear mixed model (LMM)). 

EndothelialEndothelial function: Endothelial dilation to bradykinin was tested. On 
dayy 0, vessels were preconstricted with 10~8 M endothelin at 80 mmHg steady 
pressure.. All vessels dilated fully to 10- 6 M bradykinin as compared to the 
responsess to papaverine on the same day (Fig. 5.2). On day 3, vessels from all 
groupss were again set to 80 mmHg steady pressure and allowed to stabilize for 
11 hour. On this day all vessels were responsive to bradykinin. No significant 
differencess in responsiveness were observed between the groups (Fig. 5.2). 

Remodeling:Remodeling: Inward remodeling occurred in the vessels from St 80, Osc 40 
andd St 40 profiles, but not in the Osc 80 group. Thus, in the vessels from the 
OscOsc 80 group, the passive pressure-diameter curves on day 0 and 3 were not 
significantlyy different (P — N.S. day 0 versus day 3, LMM). For example, on 
dayy 3 the passive diameter at 80 mmHg was reduced by only 1.2  4% of dmaa: 

(Fig.. 5.3A). In contrast in the St 80 group the passive pressure-diameter curve 
shiftedd downward significantly (P < 0.001, day 0 versus day 3). Thus the passive 
diameterr at 80 mmHg was reduced by 15.2  1.4% at day 3 (Fig. 5.3C). Still 
largerr remodeling was present in vessels kept al low pressure in the presence 
orr absence of pulsations, (Fig 5.3B, D P < 0.001, day 3 compared to day 0 
bothh in Osc 40 and St 40 groups). At 80 mmHg Osc 40 and St 40 arterioles 
remodeledd by respectively 26.3  1.6% and 19.6 . The inward remodeling 
seenn under these pressure profiles was not readily reversible by maintaining 
vasodilation.. Thus, in the low pressure groups three extra days of incubation in 
10- 44 M papaverine could not reverse the diameter reduction (20.1  1.1% versus 
26.33  1.6% day 6 versus day 3 in Osc 40 and 12.5  1.1% versus 19.6  0.9% 
inn St 40 group), (Fig. 5.3B, D). 

CSAwCSAw and wall/lumen ratio: In all vessels, irrespective of the culture con-
ditions,, CSAw was not significantly changed at the end of the culture period 
(inn all groups, P = N.S., day 0 versus day 3, paired t-test, Fig. 5.4). The 
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FigureFigure 5.5: A: 6 arterioles cultured in the presence of amlodipine showed pro-
gressivegressive increase in diameter during culture. Control St 40 vessels developed 
basalbasal tone beginning at the second day of culture. B: Amlodipine treatment im-
pairedpaired the response to endothelin. 

inwardd remodeling found in vessels from St 80, Osc 40 and St 40 groups was 
associatedd with an increase in wall/lumen ratio (P < 0.05, paired t-test for these 
threee groups, Fig. 5.4). In contrast, in the Osc 80 group, wall/lumen diameter 
ratioo was not changed (P = N.S., paired t-test) on day 3 compared to day 0. 

5.3.22 Experimental group 2 

10~77 M amlodipine induced maintained vasodilation in vessels cultured under 
StSt 40 conditions. The diameter on day 3 was % of dmax (Fig. 5.5A). 
Inn contrast, the control vessels developed a significant amount of basal tone 
duringg the culture period. The diameter on day 3 decreased to 31.9  3.7% of 
dmax,dmax, (P < 0.001 with versus without amlodipine). Amlodipine reduced the 
responsivenesss to endothelin, tested after washout, towards the third day in 
culturee (Fig. 5.5B). On day 0, constriction to endothelin was similar in both 
vessell  groups. Thus the diameter decreased to % in control vessels and 

98 8 



Results Results 

35.55  0.8% in treated vessels (P = N.S., paired t-test). On day 3 in the vessels 
thatt had received amlodipine,the responsiveness to endothelin after washout 
off  the calcium blocker was strongly reduced, the constrictor inducing only a 
decreasee in diameter to 97.1  1.6% of dmax. In contrast untreated vessels 
obtainedd increasingly smaller diameters upon endothelin stimulation, causing 
almostt full closure (4.3  1.0% of dmax) at day 3. When the mean pressure 
wass lowered to 10 mmHg, the constriction induced by endothelin in the vessels 
thatt received amlodipine was similar to that on day 0 (diameter reduction to 
38.33  1.3% of dmax). Responsiveness to bradykinin tested at 10 mmHg was not 
affectedd by amlodipine treatment. In all vessels, dilation to bradykinin on day 
33 was not significantly different from day 0 (data not shown). 
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FigureFigure 5.6: A: Amlodipine treatment induced outward remodeling during 3 days 
inin culture, while control arterioles show inward remodeling. 

Amlodipinee prevented the inward remodeling. In amlodipine treated vessels 
thee maintained dilation was paralleled by a substantial outward remodeling. 
Thus,, at 80 mmHg diameter had increased at day 3 to 113.4  3.6% of dmax (P 
<<  0.001 day 0 compared to day 3, LMM), Fig. 5.6. In the control arterioles 
significantt inward remodeling (23.4  2.5% of dmax, P < 0.001 day 0 compared 
too day 3, LMM) was recorded. While the outward remodeling was significant 
overr the whole pressure range, it was particularly large at 10 mmHg % 
off  dmax increase day 3 versus day 0). In both sets of vessels, the CSAW was 
nott significantly changed during culture (Fig. 5.7A). Amlodipine treatment 
preventedd the increase in wall/lumen ratio observed under St 40 conditions. 
Thus,, there was no significant change in wall/lumen ratio in the treated vessels 
butt a significant increase in this parameter on day 3 in the control vessels (P < 
0.05,0.05, t-test), (Fig. 5.7B). 
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FigureFigure 5.7: A: CSAyj during culture under the St 40 profile with and without 
amlodipine.amlodipine. B: The wall/lumen diameter ratio was increased on day 3 versus day 
00 of culture in the untreated vessels, but remained unaffected in the amlodipine 
group.group. *:  P < 0.05, paired t-tests. 

5.3.33 Electron microscopy 

Thee total intima-media (I+M) thickness was measured in 15 - 20 different 
spotss along the vessel circumference and the values averaged. The I+M cross 
sectionall  area (CSAJM) was then calculated from the thickness measured from 
thee TEM pictures and the inner diameter recorded during fixation. CSAIM 

wass 3250 jim2 for the fresh vessel, and averaged 3117 fim2 for the control St 
4040 vessels and 3136 /zm2 for the amlodipine treated vessels. All vessels showed 
goodd endothelial coverage and no neo-intima formation. 

5.44 Discussion 

Thiss study is the first to show the ability of coronary arterioles to remodel 
inn a pressurized in vitro setting. Inward remodeling following continuous deep 
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activee tone was found in vessels cultured in the absence of pulsatile pressure 
orr at reduced (40 mmHg) mean pressure. In contrast, vessels kept under a 
pulsatingg regime at 80 mmHg did not remodel. Maintained calcium channel 
blockadee by amlodipine significantly increased the vascular diameter during the 
culturee period and reversed the inward remodeling to outward remodeling. 

Whenn a coronary stenosis develops, the hemodynamic conditions in the mi-
crovasculaturee change. The stenosis resistance is known to induce a drop in per-
fusionn pressure. Additionally the transvascular pressure pulsations in the sub-
endocardiall  arterioles resulting from the contracting surrounding myocardium 
mayy also change. One can envision that the resistance of the stenosis and the 
compliancee of the microvasculature, together form a low pass filter system that 
preventss the distal vasculature from emptying in a retrograde fashion during 
systole.. This would limi t the blood flow movement in the vessels and dampen 
thee transvascular pressure pulsations. While this view is supported by direct 
observationss on sub-endocardial diameter pulsations [7], no real time interstitial 
andd intravascular pressure measurements in the subendocardium are available. 
Thereforee we designed different pressure profiles covering a range of pressure 
changess that may occur in the presence of a stenosis by changing the mean 
pressuree and pulsation amplitudes in various combinations (St 80, Osc 40 and 
StSt 40)- The choice of Osc 80 as the 'non-stenotic' profile was based on mea-
suredd mean pressure [8] and predicted pulsation amplitude in sub-endocardial 
resistancee vessels [9]. 

Thee impact of coronary stenosis on microvascular function and structure is 
poorlyy defined. Mill s et al. found an increase in microvascular resistance distal 
too a coronary stenosis [10]. The increase in resistance could reflect deep tone 
[11].. However, it was not clear to what extent this depends on the pressure 
profile.. We chose the cultured vessel setup in order to isolate the pressure pro-
fil ee as a factor influencing arteriolar function and structure and to be able to 
directlyy observe these effects. It is well understood that other factors, including 
alterationss in the flow pattern and microvascular endothelial dysfunction [12], 
aree likely to interact with these pressure effects. Also, the increase in microvas-
cularr resistance might partly stem from platelet aggregation [13] due to release 
off  serotonin and thromboxane. 

Effectss of steady and pulsating pressure on isolated coronary arterioles have 
beenn studied before in acute settings. We extend these observations to longer 
timee periods. We found remarkable differences in acute and chronic effects. 
Thus,, the myogenic dilation seen at lower pressure was not sustained for the 
culturee period. Rather, vessels had smaller active diameters by day 3 at the 
lowerr pressure. In addition, acute vasodilation to pulse pressure was observed 
beforee [3] but was only approximately 6 — 7%. Maintaining such pulsation in 
ourr experiments led to approximately 45% differences in active diameter by day 
3.. These long-term effects on tone were not related to endothelial dysfunction: 
underr all profiles, the responsiveness to bradykinin was not changed. 

Thee current study shows that coronary arterioles are able to remodel either 
inwardlyy or outwardly within a very short time frame. Fast inward remodel-
ingg has been demonstrated previously in isolated rat cremaster arterioles [6]. 
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However,, those vessels did not show outward remodeling but rather kept their 
initiall  pressure-diameter relation in the presence of verapamil. Apparently, the 
coronaryy vessels adapt their structure more easily. Bakker et al. [6] suggested 
thatt long term maintained constriction triggers inward remodeling in isolated 
ratt cremaster arterioles. Our data are consistent with this hypothesis. Thus, 
profiless inducing deep tone (St 80, Osc 40 and St 40 groups) also led to inward 
remodeling,, while the Osc 80 vessels developed limited constriction in time and 
didd not remodel. Additionally, in arterioles treated with amlodipine, maintained 
vasodilationn was followed by outward remodeling. Thus, the capacity of coro-
naryy arterioles to show rapid outward remodeling in combination with the link 
betweenn tone and remodeling provides a rationale for using vasodilator therapy 
too improve coronary perfusion by changing microvascular structure. Amlodip-
inee may not be a unique vasodilator in this aspect. In fact, treating the already 
inwardlyy remodeled vessels with papaverine for an additional 3 days also caused 
vessell  enlargement towards the original diameter. 

Bothh the wall CSAw and the intima-media CSAJM were unchanged in re-
modeledd vessels. This reflects re-arrangement of the vascular structure rather 
thann proliferative and synthetic processes. Such eutrophic remodeling has been 
documentedd for the microvasculature in hypertension [14]. Limited informa-
tionn is available on adaptation of the coronary microvascular structure distal 
too experimental stenoses. Hong et al. [4] reported inward remodeling with in-
timaa hyperplasia of small intramyocardial coronary porcine arteries distal to a 
severee epicardial coronary artery stenosis. Saitoh et al. [11] reported medial 
thickeningg of microvessels situated in area perfused by LAD in a porcine exper-
imentall  model of LAD endothelial injury. These in vivo studies indicate lumen 
reductionn by also proliferative processes. We did not test whether media hy-
pertrophyy and neo-intima formation would also occur in our in vitro setting if 
vesselss were maintained for much longer times. In a study on cultured porcine 
carotidd arteries, initial neo-intima formation was found after 8 days [15]. 

Inn trials on patients with coronary artery disease, amlodipine induced di-
lationn of the coronary arteries and blood pressure reduction, decreasing the 
occurrencee of symptomatic angina and silent ischemia [16], [17], [18]. Addition-
ally,, prevention of vasospasm by amlodipine prevented restenosis after percuta-
neouss coronary intervention [19]. Our data now suggest that vasodilator therapy 
causess outward remodeling of vessels distal to coronary stenosis. Possibly, such 
remodelingg adds to the beneficial effects of calcium blocker treatment. Fully 
understandingg the causes and mechanisms of vascular remodeling, and the pos-
sibilitiess to pharmacologically modulate these processes by vasodilators could 
providee new therapeutic options in coronary artery disease. 
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