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Introduction 
Extracellular Ca2+ ([Ca2+]o) is required for full contractile 
responses of vascular smooth muscle[1, 2], and this Ca2+ depen-
dence varies depending upon specific stimulants and blood 
vessels[3–6].  In contrast to a large number of investigations con-
cerned with delineating the relationship between Ca2+ and the 
excitation/contraction coupling processes in vascular smooth 
muscle, it has not been clearly elucidated what general role 
[Ca2+]o might play in relaxant responses.  

There is clear evidence that some vasodilators such as ace-
tylcholine (ACh) cause relaxation by liberating an endotheli-
um-derived relaxing factor (EDRF)[7], nitric oxide (NO) which 
was identified later[8, 9].  On the other hand, other vasodilators 
such as nitroprusside, are generally regarded as endothelium-

independent, and have direct inhibitory effects on vascular 
smooth muscle[10, 11].  It has been recently demonstrated that 
the presence of extracellular Ca2+ is required for release of 
EDRF[11–14].  In these studies, Ca2+-free conditions abolished 
endothelium-dependent relaxation, whereas different.  Ca2+ 
entry blockers had varied effects on similar endothelium-de-
pendent relaxations.  The use of Ca2+-free solutions frequently 
employed in these types of studies usually results in a notice-
ably diminished tension response which is generally required 
for quantitative analyses of relaxations, and this may have 
made it difficult to quantitatively assess the role of [Ca2+]o in 
relaxation processes.  Thus, the present study was undertaken 
to quantitatively assess the effect of reducing [Ca2+]o in a con-
centration-dependent fashion on both endothelium-dependent 
and -independent relaxations in rabbit aorta.

Materials and methods 
Isolated aortae
New Zealand white rabbits of either sex were anesthetized 
with 50 mg/kg (iv) of sodium pentobarbital, and then sacri-
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ficed by exsanguination from the common carotid arteries.  
Rabbits used in this study were 10−12 weeks old with a mean 
body weight of 1.86±0.03 kg (n=60).  Thoracic aortae were 
quickly removed, isolated and cleaned, and cut into opened 
aortic rings 3 mm wide similar to the method of Carrier et 
al[15].  Tissues were fixed vertically between stainless steel clips 
in a tissue bath containing 20 mL nutrient solution, aerated 
with 95% O2+5% CO2, and maintained at 36−37 °C.  The clip 
anchoring the upper end of the strip was connected to the 
lever of a force-displacement transducer (Grass FT 03).  Using 
previously described procedures for passive force-active 
force relationships[16], near optimum resting tension at which 
actively developed contractions were maximized in rabbit 
aortae was found to include a broad range (2.0−6.0 g) of pas-
sive forces (Authors, unpublished data).  A resting force of 
2.0 g was placed on each tissue to be consistent with previous 
studies[17].  

Procedures of aortic contraction/relaxation experiment in the 
bath
Constituents of the nutrient solution (normal Ca2+) were as fol-
lows (mmol/L): NaCl, 142; KCl, 5.4; CaCl2, 2.0; NaHCO3, 18.0; 
and dextrose, 11.0.  The modified solutions of reduced [Ca2+]o 
contained the following concentrations of CaCl2 instead of 2.0 
mmol/L: 1.0 mmol/L (1/2); 0.5 mmol/L (1/4); 0.2 mmol/L 
(1/10) ; 0.06 mmol/L (3/100); and 0.02 mmol/L (1/100 ).  The 
pH of continuously aerated solutions at 37 °C was 7.35−7.45.  
Osmotic adjustment was not made when KCl was increased 
up to 80 mmol/L.  Before specific experimental protocols were 
initiated, preparations were allowed to equilibrate for 60-90 
min in the bathing medium, during which time the solution 
was replaced every 10 to 15 min.

Isometric contractions and relaxations were recorded on an 
inkwriting oscillograph (Gould 2600S).  Concentration-effect 
relationships were obtained by adding drugs directly to the 
bathing medium in a cumulative fashion.  For studies on relax-
ant responses to ACh and nitroprusside, preparations were 
initially contracted with PGF2α (4×10-7−10-6 mol/L).  At the end 
of each series of experiments, papaverine (10-4 mol/L) plus 
nitroprusside (10-4 mol/L) was added to obtain the maximum 
relaxation.  In experiments conducted in reduced [Ca2+]o, 2 
mmol/L CaCl2 was added with papaverine plus nitroprusside.  
Some aortae were dragged slowly for one min with intimal 
surface down[7] over a sheet of sandpaper (3M, #320) wetted 
with nutrient solution to remove the endothelium.  Abolition 
of relaxant responses to ACh was used to verify functional 
damage of endothelial cells in these intimal-rubbed prepara-
tions.  

Substitution with reduced [Ca2+]o solutions
When assessing the effect of reduced [Ca2+]o on relaxations, the 
normal Ca2+ solution was substituted with one of the reduced 
[Ca2+]o solutions for one aorta, while a paired aorta was replen-
ished with normal Ca2+ solution.  Before substitution, modified 
solutions were maintained at 37 °C and continuously aerated.  
In every experiment, it was confirmed that substitution with 

normal Ca2+ solution did not appreciably alter resting tension.  
A substitution of normal Ca2+ solution with a low Ca was care-
fully made, since somewhat mechanical agitation of strip with 
change in the nutrient solution may alter aortic tension and/
or endothelial activity as well as potential activation of some 
ion channels.  However, no osmolarity adjustment was posed 
for Ca2+ within a small range of 2 mmol/L.  KCl was added in 
a concentration of 80 mmol/L without osmorality adjustment, 
but this procedure and response was made at first in every 
aortic strip for checking the reactivity, suggesting a separate 
experiment from the low Ca study.

In experiments utilizing a 1/100 [Ca2+]o solution, responses 
to ACh were examined 30 min, 60 min, or 120 min after the 
substitution.  PGF2α was added 15 min before the ACh-test 
relaxation to attain and maintain precontraction in 30 min 
studies and 15−30 min prior in 60 or 120 min studies.  In all 
other studies using solutions with varied [Ca2+]o or added 
D600, aortae were exposed to either procedure for 120 min, 
including exposure to PGF2α for 15−30 min, prior to ACh- or 
nitroprusside-induced relaxations.  Results are expressed as 
mean±SEM.  Statistical analyses were made using Student’s 
unpaired t-test.  

Drugs
Drugs used were acetylcholine chloride (Sigma, St Louis, 
MO), sodium nitroprusside (Sigma), prostaglandin F2α-
tromethamine (Upjohn, Kalamazoo, MI), methoxyverapamil 
(D600, Knoll AG, Ludwigshafen, West Germany) and hista-
mine dihydrochloride (Sigma).

Results 
Effect of reduced [Ca2+]o on ACh-induced relaxations 
ACh elicited a relaxation of PGF2α -precontracted aortae that 
was readily abolished in endothelial rubbed preparations.  
The maximum relaxation due to 10-6 mol/L ACh was 68%±6% 
(n=8) of the papaverine plus nitroprusside-induced relaxation 
in aortae with intact endothelium, but -35±8% (n=8) (contrac-
tion) in aortae with damaged endothelium.  Reducing [Ca2+]o 
to 0.02 mmol/L attenuated the ACh-induced relaxation in 
endothelium intact aortae.  Significant attenuation occurred 
30 min after the initial substitution with this reduced [Ca2+]o 
solution, reaching a maximum within 2 h (Figure 1).  Thus in 
the following experiments concerned with defining the effects 
of various reductions in [Ca2+]o on relaxation, a 2 h exposure 
to the reduced [Ca2+]o solution was used.  ACh-induced relax-
ation was attenuated by reducing [Ca2+]o from 2 to 0.2–0.02 
mmol/L.  The degree of attenuation was inversely related 
to [Ca2+]o, where reducing [Ca2+]o to 0.02 mmol/L essentially 
eliminated any ACh-induced relaxation (Figure 2).  In a few 
experiments Ca2+ was added after the maximum ACh-induced 
relaxation without the concomitant addition of nitroprusside 
plus papaverine, and further relaxation ensued.  

When the level of precontraction was raised or lowered by 
increasing or decreasing the concentration of PGF2α rather 
than reducing [Ca2+]o, ACh-induced relaxation, expressed as a 
percent of the maximal papaverine plus nitroprusside-induced 
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relaxation, did not differ (Figure 3).  Also, if the level of ten-
sion in reduced [Ca2+]o was increased to approximate the same 
level as precontraction levels in normal Ca2+ by increasing the 
concentration of PGF2α accordingly, ACh-induced relaxatlon 
was still similarly depressed by reducing [Ca2+]o (data not 
shown).

When precontraction was induced by histamine (1×10-6− 
3×10-6 mol/L) instead of PGF2α, reducing [Ca2+]o to 0.02 
mmol/L also attenuated the maximum ACh-induced relax-
ation; 72%±4% of papaverine plus nitroprusside-induced 
relaxation in normal Ca2+ and 8%±8% in reduced [Ca2+]o (n=4).  

Effects of reduced [Ca2+]o on nitroprusside-induced relaxations
Reducing the [Ca2+]o also attenuated relaxant responses to 
nitroprusside (Figure 4), which is not affected by endothelial 
damage (Figure 5, left).  However, the attenuation was not 
apparent until [Ca2+]o was reduced to 0.06 mmol/L.  Even in 
aortae without intact endothelium, reducing [Ca2+]o to 0.02 
mmol/L depressed the nitroprusside-induced relaxation (Fig-
ure 5, right).  Attenuation of the nitroprusside-induced relax-
ation by reducing [Ca2+]o to 0.02 mmol/L was also observed 
in aortae precontracted with histamine (1×10-6–3×10-6 mol/L); 
maximum response to nitroprusside was 95%±1% in normal 
Ca2+ and 4%±1% in reduced [Ca2+]o. 

Inhibitory effects of reduced [Ca2+]o on relaxant responses 
to nitroprusside were also compared to the inhibitory effects 
on ACh-induced responses (Figure 6).  In terms of maximum 
responses, inhibition of nitroprusside-induced relaxations in 
a reduced [Ca2+]o solution was significantly less than that of 

Figure 1.  Inhibition of ACh-induced relaxation by reduced [Ca2+]o as a 
function of the duration of exposure to reduced [Ca2+]o.  Preparations 
in normal Ca2+ or reduced [Ca2+]o (0.02 mmol/L) solutions were 
precontracted with PGF2α before adding ACh; contractions were 1825±233 
mg (normal Ca2+) , 1284±386 mg (30 min), 1250±439 mg (60 min), and 
1384±347 mg (120 min).  Relaxant responses to ACh were expressed 
as a % of the papaverine plus nitroprusside-induced relaxation attained 
at the end of each experiment; relaxations were 2067±256 mg (control), 
1368±400 mg (30 min), 1343±483 mg (60 min), and 1434±348 mg (120 
min).  bP<0.05, cP<0.01 vs control.  

Figure 2.  Effects of reduced [Ca2+]o on relaxant responses to ACh in 
preparations precontracted with PGF2α.  Contractions were 1541±128 
mg (normal Ca2+) , 1211±365 mg (1/4), 978±180 mg (1/10), 1341±361 
mg (3/100), and 1249±178 mg (1/100).  Papaverine plus nitroprusside-
induced relaxation at the end of each experiment was taken as 100%; 
1825±154 mg (normal Ca2+), 1400±356 mg (1/4), 1208±232 mg (1/10), 
1582±347 mg (3/100), and 1331±188 mg (1/100).

Figure 3.  Effects of varying the initial level of tone by altering the concen-
tration of PGF2α on ACh-induced relaxations in a normal Ca2+ solution. Pre-
parations were precontracted with 10-7 mol/L (I), 7×10-7 mol/L (II) or 10-5 
mol/L (III) PGF2α; relative contractions shown at right in which contraction 
to concentration II was taken as 100%: 563±149 mg (I), 1792±194 mg (II), 
and 2258±155 mg (III).
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ACh-induced relaxations.  Furthermore, the relaxant response 
to 10-7 mol/L nitroprusside, which caused a similar degree 
of relaxation as the maximum effective concentration of ACh 
(71% vs 73%, respectively), was less attenuated by reduced 
[Ca2+]o than the ACh-induced relaxation.  

Effects of Mg2+ and reduced [Ca2+]o on relaxant responses to ACh 
and nitroprusside
Mg2+ (0.6 mmol/L) did not significantly affect the ACh-

induced relaxation in normal Ca2+ ; responses to ACh at 
concentrations of 10-7 and 10-6 mol/L were 63%±5% and 
74%±5%; respectively, in the presence of Mg2+, and 63%±5% 

Figure 4.  Effects of reduced [Ca2+]o on relaxant responses to nitroprus-
side in PGF2α-precontracted aortae.  Precontractions were 1784±172 mg 
(normal Ca2+), 1842±392 mg (1/4), 1048±300 mg (1/10), 664±179 mg 
(3/100), and 1157±207 mg (1/100).  Papaverine-induced relaxations at 
the end of each experiment were taken as 100%: 1979±198 mg (normal 
Ca2+), 2108±446 mg (1/4), 1214±318 mg (1/10), 794±175 mg (3/100), 
and 1271±243 mg (1/100).  

Figure 5.  Relaxant responses to nitroprusside 
in aortae with and without intact endothelium 
(left), and the effect of reducing [Ca2+]o to 
0.02 mmol/L on relaxations in aortae without 
endothelium (right).  Precontractions were 
1547±285 mg and 2213±335 mg in aortae 
with (+) and without (–) endothelium (Endo), 
respectively, and 1833±223 mg (normal 
Ca2+) and 1230±317 mg (1/100 without 
endothelium) (right).  Papaverine-induced 
relaxations after nitroprusside were taken as 
100%: 1737±292 mg (Endo+), 2477±369 mg 
(Endo–), and 2104±241 mg (normal Ca2+), and 
1332±331 mg (1/100) without endothelium 
(right).  bP<0.05, cP<0.01 vs control.  

Figure 6.  Inhibitory effects of reduced [Ca2+]o on ACh-induced relaxations 
compared with similar effects on nitroprusside-induced relaxations.  
Comparisons were made based on data noted in Figure 2 and 4.  The 
ordinate is expressed as inhibition (%) which represents the percent that 
maximum relaxant responses to ACh or nitroprusside in a reduced [Ca2+]o 
solution were to the maximum papaverine plus nitroprusside-induced 
relaxations divided by the same relationship in normal Ca2+ solution.  
Control maximum responses to ACh and nitroprusside were 73%±2% 
and 94%±1%, respectively, of papaverine plus nitroprusside-induced 
relaxations.  Responses to 10-7 mol/L nitroprusside (closed triangles) were 
compared in normal and reduced [Ca2+]o solutions; relaxations in control 
were 71%±2% of the papaverine plus nitroprusside-induced relaxation.  
Significantly bP<0.05, cP<0.01 vs values of ACh (max).  
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and 72%±4% in the absence (n=9).  Mg2+ also did not prevent 
the inhibitory effects of reducing [Ca2+]o to 0.02 mmol/L on 
ACh-induced relaxations; maximum responses to ACh were 
73%±4% in normal Ca2+ in the absence of Mg, and 14%±4% 
in reduced [Ca2+]o (0.02 mmol/L) plus Mg2+ (n=8) (P<0.001).  
Additionally, Mg2+ did not prevent the inhibitory effects of 
reduced [Ca2+]o on nitroprusside-induced relaxations; maxi-
mum responses to nitroprusside were 93%±2% in normal Ca2+ 
in the absence of Mg, and 41%±19% in the reduced [Ca2+]o 
(0.02 mmol/L) plus Mg2+ (n=5) (P<0.05).  

Effects of reduced [Ca2+]o on contractile responses and resting 
tension
Reducing [Ca2+]o to 0.02 mmol/L for 2 h suppressed contrac-

tile responses to either PGF2α or KCl (Figure 7).  Additionally, 
reducing [Ca2+]o to 0.02 mmol/L for 2 h resulted in a small, but 
appreciable and slow developing contraction of 255±74 mg, 
while tissue remaining in a normal Ca2+ solution for the same 
time period lost 63±28 mg (n=20) (P<0.001).  

Effects of D600 on ACh- and nitroprusside-induced relaxations 
Addition of D600 to preparations precontracred with KCl (15 
mmol/L) produced a concentration-dependent relaxation, 
reaching a maximum at l0-5 mol/L D600; which is 91%±2% of 
the papaverine plus nitroprusside-induced relaxation (n=7).  
Prior treatment with D600 (10-5 mol/L) for 120 min attenuated 
relaxant responses to ACh to a smaller extent than in normal 
[Ca2+]o (Figure 8).  In contrast, nitroprusside-induced relax-

Figure 7.  Effect of reducing [Ca2+]o to 
0.02 mmol/L on contractile responses to 
PGF2α and KCl.  Maximum contractions 
of control and Ca2+ deficient preparations 
in the presence of 2 mmol/L Ca2+ were 
taken as 100%.  In the latter, Ca2+ was re-
admitted at the end of each experiment.  
They were 2579±289 mg (control, left), 
3093±453 mg (1/100, left), 3514±204 
mg (control, right) and 3986±290 mg 
(1/100, right).  cP<0.01 vs control.

Figure 8.  Effect of D600 on relaxant 
responses to ACh and nitroprusside.  
Preparat ions wi th or wi thout pr ior 
D600 (10-5 mol/L) were precontracted 
with PGF2α prior to relaxants; contrac-
tions were 1771±218 mg (control, left), 
1191±291 mg (D600, left), 1583±219 
mg (control, right), and 680±237 mg 
(D600, right).  The papaverine plus nitro-
prusside-induced relaxation was taken 
as 100%.  Relaxations were 1999±238 
mg, 1409±321 mg, 1939±286 mg, and 
1016±232 mg, respectively.  bP<0.05, 
cP<0.01 vs control.  
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ations were not affected by prior D600.

Discussion 
The current study clearly illustrates in a quantitative man-
ner, the concentration-dependent effects of lowering [Ca2+]o 
on ACh-induced relaxations in rabbit aorta, emphasizing 
the importance of extracellular Ca2+ in ACh-mediated 
release of EDRF and/or its subsequent action on the smooth 
muscle.  This is an agreement with previous studies that 
noted a marked reduction in, or elimination of endothelium-
dependent relaxation in both rabbit[14] and rat aorta[11–13] when 
these tissues were exposed to solutions from which Ca2+ had 
been omitted.  All of these supports the original proposal by 
Furchgott and co-workers[7] that Ca2+ plays a critical role in 
endothelium-dependent relaxations.  In addition, this study 
has demonstrated the obvious importance of Ca2+ also in 
endothelium-independent relaxations, since nitroprusside-
induced relaxations are depressed by reducing [Ca2+]o .  

Since the level of precontraction generated by PGF2α was 
depressed by reduced [Ca2+]o, the lowered state of contraction 
could be responsible for depression of subsequent relaxation.  
However, ACh-induced relaxations were not different in a 
normal Ca2+ solution when the magnitude of the maintained 
contraction was varied by utilizing different concentrations 
of PGF2α (Figure 3).  Inhibition by reduced [Ca2+]o of ACh-
induced relaxation was still observed, when the depressed 
precontraction was similarly increased.  Thus, a lower mag-
nitude of contraction is unlikely to account for the depressed 
relaxant responses to these vasodilators noted when [Ca2+]o is 
reduced.  Furthermore, both ACh- and nitroprusside-induced 
relaxations in aortae precontracted with histamine instead of 
PGF2α were also attenuated by a reduction in [Ca2+]o, illustrat-
ing that attenuation of relaxant responses in reduced [Ca2+]o is 
not unique for PGF2α-induced contractions.

Since membrane Ca2+ controls its own entry into smooth 
muscle[18], an increased conductance to Ca2+ following a reduc-
tion in [Ca2+]o may effectively increase cytoplasmic Ca2+ lev-
els, resulting in functional antagonism of relaxant responses.  
Furthermore, membrane potential may be altered by reduced 
[Ca2+]o

[19], and Casteels et al[20] have demonstrated in rabbit 
mesenteric artery that a reduction in [Ca2+]o from 2.5 mmol/L 
to 0.16 mmol/L results in a progressive decrease in resting 
membrane potential.  In the present study, in fact, a small but 
appreciable contraction was observed following 2 h exposure 
to a reduced.  [Ca2+]o solution that may be attributed to this 
proposed membrane depolarization and increased permeabil-
ity to Ca2+.  

Webb and Bohr[21] suggested that high concentrations of 
Ca2+ (>4 mmol/L) stimulate the Na+-K+ ATPase, resulting 
in relaxation in rat tail artery.  Thus in opposition to raising 
[Ca2+]o, lowering [Ca2+]o might depress the Na+–K+ ATPase.  
Conditions that inhibit the Na+–K+ ATPase in smooth muscle, 
eg K+-deficient solutions or cardiac glycosides, cause contrac-
tion through direct excitatory actions on the smooth muscle 
membrane[22–24], and can physiologically antagonize both 
ACh-[25] and nitroprusside-induced relaxations[10].  Nitrop-

russide stimulates guanylate cyclase and increases cGMP, 
which has been suggested to result in activation of the Na+–K+ 
ATPase[10].  However, neither nitroprusside-induced increases 
in the levels of cGMP nor concurrent effects on Na+–K+ 
ATPase appear to be dependent on [Ca2+]o

[10, 26].  In addition, 
lowering [Ca2+]o also depresses relaxant response to isoprot-
erenol (Authors, unpublished observations), which is appar-
ently mediated through an increase in cellular cAMP level[27].  
Therefore, the depressant actions of reduced [Ca2+]o are not 
unique for relaxants that concomitantly increase the levels of 
cGMP (ACh and nitroprusside).  On the other hand, since both 
increases in cGMP[28] and cAMP[29] may stimulate Ca2+ ATPase-
mediated extrusion mechanisms in vascular smooth muscle, 
an effect of reduced [Ca2+]o on this system cannot be ruled out.  

It has been recently shown that dichlorobenzamil, a pro-
posed inhibitor of Ca influx via the Na+-Ca2+ exchange system 
depressed endothelium-dependent relaxations but did not 
affect nitroprusside-induced relaxations[11].  Thus, the Na+-
Ca2+ exchange system would not be contributing to the gen-
eral attenuation of these two relaxant responses that occurs in 
reduced [Ca2+]o solutions.  

Since there was an initial absence of Mg2+ in control and 
reduced [Ca2+]o solutions, the Mg2+ deficiency could contribute 
to increased tone.  It has been shown that acute Mg2+ defi-
ciency can contribute to increased tone and reactivity to vaso-
constrictors in coronary arteries[30].  However, the lack of Mg2+ 
in the present study is not likely to contribute to the actions of 
reduced [Ca2+]o, since the presence of Mg2+ neither modified 
the ACh-induced relaxation in a normal Ca2+ solution nor pre-
vented the attenuating effects of reduced [Ca2+]o.  

Sex related differences in cardiovascular function[31] are 
raised particularly for variation of existing hormonal status in 
female, while no specific comparison was made in this study.  
Greater endothelial responses to ACh in small femoral arteries 
of female mice than male mice are attributable to endothelium-
derived hyperpolarizing factor (EDHF) in female[32].  It is of 
interest whether endothelial susceptibility to low Ca is linked 
to EDHF in female.  

ACh at a high concentration of 10-5 mol/L elicited a contrac-
tion after the preceded relaxant responses.  A contractile effect 
of ACh without relaxation effect occurs in newborn baboon 
cerebral artery[33].  The aorta may have excitatory muscarinic 
receptors that are different from M1 and M2 receptor bind-
ing sites as suggested in porcine coronary arteries[34].  As 
Vanhoutte and his colleagues proposed, it is conceivable that 
endothelium-derived contracting factor (EDCF) is attributable 
to the ACh-induced contraction, via endothelial cyclooxige-
nase-1, which stimulates thromboxane A2 on vascular smooth 
muscle[35].  It remains to clarify whether change in the contract-
ing factor is involved in the low Ca2+ effect on the relaxing fac-
tor.

Quantitative analyses clearly reveal that reduced [Ca2+]o 

resulted in greater inhibition of ACh-induced relaxation than 
nitroprusside-induced (Figure 6).  Likewise nitroprusside-
induced relaxations were unaffected by D600, whereas relax-
ations to ACh were attenuated.  Thus, it is apparent that 
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endothelium-dependent relaxation is more dependent on 
[Ca2+]o.  The greater inhibition of ACh-induced relaxations 
than nitroprusside-induced ones is probably directly related 
to the dual sites apparently affected by reduced [Ca2+]o: (1) 
obvious requirement of the endothelium for Ca2+ in produc-
tion and/or release of EDRF resulting in less EDRF for a given 
stimulus and less relaxation, and (2) an apparent requirement 
of vascular smooth muscle for a critical amount of extracellu-
lar Ca2+ for full expression of the direct action of EDRF, as well 
as other vasodilators on smooth muscle.  Thus, endothelium-
dependent relaxation is more dependent on [Ca2+]o than on 
endothelium-independent relaxatlon, and it seems likely that 
[Ca2+]o plays an important role in vascular smooth muscle 
responsiveness not only to vasoconstrictors, but also to vascu-
lar relaxants as well.
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