J. Pharm. Pharmacol. 1991, 43: 356-359
Communicated November 6, 1990

© 1991 J. Pharm. Pharmacol.

Comparison of the effects of hydralazine and nifedipine on contractions

and 4Ca influx of rat aorta

FRANCISCO ORALLO, JOSE GIL-LONGO, BELEN BARDAN, JOSE M. CALLEJA, Department of Pharmacology, Faculty of Pharmacy, University of
Santiago de Compostela, Avda. de las Ciencias s/n, 15706-Santiago de Compostela ( La Corufia), Spain

Abstract—The effect of the vasodilator hydralazine has been
compared with nifedipine on KCI-(K*) (60 mM) and noradrenaline-
(NA) (10 um) induced **Ca uptake and contractile responses in rat
aorta arterial strips without endothelium. Hydralazine (0-5-10 mm)
was equally effective in relaxing K*- (IC50=2-2+0-17 mm) and
NA- (IC50=3-06 +0-25 mm) induced tension, the degree of relaxa-
tion depending on the dose. Nifedipine totally inhibited K*-
(IC50 =316+ 0-28 nM) induced contractions with lower doses than
were necessary to relax (up to 540+4-1% with supramaximal
concentrations) NA-induced contractions (IC50=1-48+0-12 um).
In the experiments in a calcium-free medium, nifedipine (1 um) had
no effect on the NA- (10 uMm) induced contractions whereas
hydralazine (1 mm) strongly inhibited them. Nifedipine did not affect
the basal uptake of **Ca but the induced uptakes were reduced to
66:3+32% (K*) and 655+4:1% (NA) of their basal values.
Hydralazine did not affect the basal uptake of **Ca nor that induced
by the two vascoconstrictor agents. These results suggest that
nifedipine acts on the cell membrane by blocking the movements of
calcium through the voltage-dependent and receptor-operated cal-
cium channels, whilst hydralazine has an intracellular effect.

It is commonly accepted that hydralazine directly relaxes the
vascular smooth muscle (Khayyal et al 1981; Lipe & Moulds
1981; Brown et al 1983; Alonso et al 1987; Orallo et al 1991)
through an unknown mechanism (Cano et al 1986; Eleno et al
1987). In 1974, Limas & Cohn proposed that hydralazine could
act by stimulation of an electrogenic Na-K-pump, thereby
leading to hyperpolarization and a subsequent vasodilatation.
More recently, a hydralazine-induced hyperpolarization of 4
mV was described for the rat tail artery (Hermsmeyer et al 1983).
However, in contrast to several vasodilators like diazoxide,
minoxidil sulphate, cromakalim, pinacidil and nicorandil (for
review see Cook & Quast 1990), the ability of hydralazine to
open Ca?*-dependent K* channels in vascular smooth muscle
has not yet been shown.

It is known that second messengers such as cyclic AMP
(cAMP) and cyclic GMP (cGMP) activate specific cAMP-
dependent protein kinase and cGMP-dependent protein kinase,
respectively. These protein kinases phosphorylate myosin light
chain kinase from vascular and non-vascular smooth muscle to
induce relaxation (Kamm & Stull 1989). Also, the cyclic
nucleotides cAMP and ¢cGMP may alter smooth muscle contrac-
tion by decreasing intracellular Ca?* concentrations via phos-
phorylation of calcium channels or stimulation of Ca-ATPases
in the plasmalemma and sarcoplasmic reticulum (van Breemen
& Saida 1989). In 1973, Andersson observed that hydralazine
stimulates adenylate cyclase and increases CAMP content in
bovine mesenteric artery. However, Diamond & Janis (1978)
reported that increases in cGMP levels are not responsible for
the relaxant effects of hydralazine in rat vas deferens.

Studies by McLean et al (1978) and Weiss et al (1981) showed
that hydralazine may interfere with transmembrane °Ca influx.
However, data which argue against a cell membrane mechanism
of action for hydralazine have also been reported (Diamond &
Janis 1980; Diamond & Shaikh 1980). Those investigators
suggest that at least high concentrations of hydralazine may act
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at a step in the excitation-contraction coupling sequence beyond
the regulation of cytoplasmic Ca?* levels, while Lipe & Moulds
(1981) demonstrated that hydralazine interferes with the release
of more tightly bound calcium in human arteries, possibly from
intracellular storage sites.

In view of those reports, in the present work the effects of
hydralazine on tension responses to K* and noradrenaline (NA)
and on **Ca uptake in rat aorta have been investigated and
compared with the corresponding effects of the calcium antago-
nist nifedipine. -

Materials and methods

Rat isolated thoracic aorta. Male Sprague-Dawley rats, 250 350
g, were killed by a blow on the head. The thoracic aorta was
rapidly removed, deprived of endothelium by running a glass
stick through the lumen, cut into small spiral strips (3-4 cm long
and 1 mm wide) and immediately transferred to an organ bath
with a Krebs solution containing (mM): NaCl 118, KCl 4-7,
MgS0O,.7H,0 1-2, CaCl,.2H,0 2-5, KH,PO, 1-2, NaHCO; 25,
glucose 11, thermoregulated at 37 °C and bubbled with 95%-0,
5% CO,. Calcium-free solution was prepared by omission of
calcium when required. After an equilibration period of at least
1 h under | g resting tension, isometric contractions induced by
NA (10 um) or K* (60 mm), without keeping the osmolarity
constant, were recorded through a force-displacement trans-
ducer (Letica) connected to a polygraph (Letica 1000-100) for 15
min. Cumulative doses of hydralazine or nifedipine were then
added, and the effect of each one observed for 10 min.

To obtain contractions in a calcium free medium, artery
preparations were equilibrated for 60 min in normal Krebs
solution and then washed three times over a 20 min period with a
calctum-free solution (containing 0-2 mM EGTA) before a
vasoconstrictor agent contraction was elicited. To study the
effects of hydralazine and nifedipine, the preparations were
further washed in normal Krebs solution for 60 min (to fill the
Ca?* stores depleted by the first contraction). There was a
further 20 min pre-incubation in calcium-free solution before a
suitable concentration of hydralazine or nifedipine was added,
followed 10 min later by NA. Other tissues were subjected to the
same procedure simultaneously, but omitting nifedipine and
hydralazine.

#Ca influx. Aortic rings weighing 5-9 mg were equilibrated for
at least 60 min in physiological solution (composition mM: NaCl
139, KCl 5, MgCl, 1, CaCl; 1-5, Hepes 5, glucose 10), maintained
at 37°C and aerated with 100% O,. Afterwards, the tissues were
incubated for 5 min in a **Ca- (New England Nuclear, specific
activity 35 mCi mg~') containing medium (0-6 4Ci mL~') with
or without NA (10 M) or K* (60 mMm) to analyse the effect of
these vasoconstrictor agents on #*Ca uptake. To investigate the
actions of hydralazine and nifedipine on this uptake, they were
added to the bath 20 min before and during the incubation
period with **Ca. Thereafter, the preparations were washed for
45 min in 500 mL of an ice-cold Ca-free physiological solution
containing 2 mm EGTA, pH 7-4, bubbled with 100% O, to
remove extracellular Ca’* from the tissue. Afterwards the
arteries were blotted, weighed and digested in | mL H,O, (110
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volumes) at 115°C for 90 min. After cooling, 5 mL of Ready-Safe
Beckman was added and the radioactivity of the samples
counted in a liquid scintillation counter (Beckman LS 3801).

The 4*Ca tissue uptake was calculated as follows: *Ca uptake
(nmol “Ca/kg wet tissue) =counts per min in tissue/wet tissue
weight (kg) x nmol *Ca in 1 L solution/counts per min in 1 L
solution. Unlike other authors, to avoid inaccuracy in the
calculation of *Ca uptake, 1-5 mm Ca?* present in physiological
solution was not included in the nmol #*Ca in 1 L solution factor
of this expression.

Statistical analysis. Unless specified, results shown in the text
and figures are expressed as means +s.e.m. Statistical differences
between two means (P <0-05) were determined by Student’s
two-tailed t-test for paired and unpaired data.

From the cumulative dose-response curves for the relaxant
effects of hydralazine and nifedipine, the 50% inhibitory concen-
trations (IC50) were calculated.

Drugs and chemicals. The drugs used were: (-)-noradrenaline
bitartrate (Sigma), hydralazine hydrochloride (Ciba Geigy) and
nifedipine (Bayer). Hydralazine was prepared in de-ionized
water immediately before use. Nifedipine was dissolved in 95%
ethanol to make a stock solution of 10 mm and portions of this
solution were then diluted to 10 nM with deionized water. NA
was prepared daily with de-ionized water from a stock solution
(100 mm) kept at 20°C. Sodium bisulphite (0-2%) was added to
prevent oxidation. All the experiments with nifedipine were
carried out in the dark because of the photosensitivity of this
drug. The chemicals used for the preparation of the physiologi-
cal solutions were of analytical grade.

Results

Vascular reactivity in normal Krebs solution. Noradrenaline
(NA) (10 um) and high potassium (high K *) (60 mm) produced a
sustained contracture in the isolated aorta arterial strips,
reaching 447 +6-2 and 657 + 8-1 mg, respectively (n =10). These
contractures were considered the maximum response (100%).

Hydralazine (0-5-10 mM) completely inhibited, in a dose-
dependent and non-specific manner the contractions induced by
NA (IC50=3-06 +0-25 mm) and by K+ (IC50=2-2+0-17 mm)
(Fig. 1). No significant differences between IC50 values were
obtained (n=35, P> 0-05).

Nifedipine (1-10 nM) totally inhibited K *-induced contrac-
tions (IC50 =316 4 0-28 nm) at lower concentrations than were
necessary to inhibit (up to 54:0+4-1% with supramaximal
concentrations) those induced by NA (IC50=14810-12 um,
n=3, P<0-01) (Fig. 2).

Vascular reactivity in calcium-free Krebs solution. NA (10 um)
produced a characteristic contraction with two distinct compo-
nents: an initial transient contraction (fast component) with
tension = 132 + 8 mg (n= 10) that relaxed to a sustained tension
of 40:7+3 mg (slow component). These contractions were
practically unaffected by the addition of 1 um nifedipine (fast
component tension=126+8 mg, slow component ten-
sion=38-4+3-5mg, n=35, P>0-05) whereas both components
were strongly inhibited by 1 mMm hydralazine (fast component
tension =40-9 + 5 mg, slow component tension=14-2+2-5 mg,
n=5, P<0-01).

#Ca uptake. The calcium uptake for the segments of rat aorta in
the absence of other agents (basal uptake) was 8-89+0-2 nmol
kg ! (n=10). The addition of nifedipine (10 nM) and hydralazine
(1 mm) did not affect this value significantly (**Ca tissue content:
8:63+0-48 and 8-:80+0-37 nmol kg~!, respectively, n=5,
P>0-05).
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F16G. 1. Effects of hydralazine (Hyd) on noradrenaline- (NA) (10 um)-
and K CI- (60 mm)-induced contractions in rat rubbed aortic strips.
Data given as a mean +s.e.m. (n=35). *P <0-05, with respect to the
maximum tension.
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FiG. 2. Endothelium-free rat aorta: effects of nifedipine (Nif) on
noradrenaline- (NA) (10 um) and KCI- (60 mM) induced contrac-
tions. Data are plotted as a mean £ s.e.m. (n=>5). *Level of statistical
significance P <0-05, with respect to the maximum tension.

The vasoconstrictor agents NA and high K* considerably
increased the basal **Ca uptake (**Ca tissue content: 12:47+0-8
nmol kg~! (NA) and 15:07£0-71 nmol kg=' (K*), n=10,
P<0-01).

Nifedipine (10 nm) produced an inhibition of NA- and high
K *-induced 4°Ca uptake (tissue content of “Ca: 10-12+0-29
and 10-97+0-33 nmol kg~!, n=35, P <0-05), whereas hydrala-
zine (1 mM) had no significant inhibiting action (tissue content:
11-05+0-86 nmol kg~! (NA) and 13-51 +0-68 nmol kg~ ! (high
K*), n=35, P>0-05) (Fig. 3).

Discussion

It has been reported that high K+ causes marked contractions in
rat aortic tissue by depolarizing the smooth muscular cells and
increasing the influx of calcium through L-voltage-dependent
channels (Bean et al 1986; Tsien et al 1988; Godfraind & Govoni
1989). Activation of a;-adrenergic receptors by NA in rat aorta
induces a two-phase contraction: an initial transient contrac-
tion, caused by the release of calcium from intracellular stores
(via inositol trisphosphate) and a slow and sustained contrac-
tion, due to Ca?* influx through the receptor-operated Ca2*
channel (Putney 1986; Karaki & Weiss 1988). The results
presented here show that nifedipine inhibits K*-induced con-
tractions at lower concentrations than are required to relax
contractions induced by NA. This supports previous studies
(Godfraind 1983), suggesting that nifedipine mainly acts on the
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F1G. 3. Effects of nifedipine (Nif) (10 nM) and hydralazine (Hy) (1
mwm) on ¥Ca uptake induced by noradrenaline (NA) and KCl in rat
aortic rings without endothelium. Error bars on the columns show
s.e.m. of five experiments. *P<0:01 with respect to basal *’Ca
uptake. ** P <0-05 with respect to #*Ca influx induced by NA or K *.

L-type voltage-dependent channel. Hydralazine, however,
relaxes with equal effectiveness K*- and NA-induced contrac-
tions, inhibiting them almost completely, which suggests that its
primary action occurs within the cell, as reported for human
artertes {Lipe & Moulds 1981). A possible secondary, non-
selective mechanism of action of hydralazine acting on the cell
membrane, blocking calcium influx through voltage-dependent
and receptor-operated channels is in agreement with previous
studies in rat tail artery (Khayyal et al 1983). Cromakalim and
other potassium channel openers relax contractions to low (<25
mM) but not high (>30 mM) KCI in various vascular prepa-
rations (Hamilton et al 1986; Clapham & Wilson 1987).
However, hydralazine is able to relax high potassium (60 mm)
contractions. This suggests that hydralazine does not exert its
vasorelaxant effects by opening membrane K* channels in rat
aorta.

Further evidence for the action of nifedipine on calcium
channels is given by the experiments involving *’Ca. The basal
value of ¥*Ca uptake, and consequently the amount of calcium
entering by means of the leak channels (Hurwitz 1986; Karaki &
Weiss 1988), is unchanged by the addition of nifedipine whereas
nifedipine strongly inhibits the uptake of +°Ca induced by K+
and NA, as has been observed previously (Godfraind 1983;
Godfraind & Miller 1983), suggesting that nifedipine blocks
transmembrane calcium influx. Hydralazine does not reduce
basal uptake of **Ca nor the uptake induced by NA and K+,
contrary to results obtained by McLean et al (1978) and by
Weiss et al (1981) for rabbit aorta. This suggests that hydralazine
does not block the transmembrane calcium movements through
voltage-dependent and receptor-operated calcium channels in
rat aorta. The differences in the present results from those of
McLean et al (1978) and Weiss et al (1981) may be due to the fact
that those authors used rabbit aorta. It has been reported that, in
rabbit aorta, the contractions induced by several vasconstrictor
agents are less dependent on extracellular calcium in this tissue
than they are in rat aorta (Godfraind 1988). On the other hand,
several differences in the properties of the vascular smooth
muscle cell membrane have been described (Vanhoutte et al
1983). However, the selective effects of hydralazine to inhibit
4Ca influx in some vascular preparations, as well as many
observations relating to Ca?* antagonist selectivity (Cauvin et al
1988), remain unexplained.

The effects of hydralazine within the cell are shown from the
results with calcium-free medium. Addition of NA in the
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absence of external Ca?* induces a fast and transient contraction
attributed to release of intracellular Ca?* stores followed by a
smaller slow and sustained contraction, whose mechanism is not
clear (Godfraind & Kaba 1969; Karaki & Weiss 1988). It has
been shown that activation of protein kinase C by diacylglycerol
derived from phosphoinositide breakdown induces a sustained
contraction in the presence of a low concentration of Ca?+
(Nishizuka 1984). In this work, the results in a calcium free
medium show two main findings:

(i) that nifedipine, in agreement with Dacquet et al (1987), does
not act within the cell because it does not inhibit NA-induced
contractions in a calcium-free medium.

(ii) that hydralazine acts intracellularly as described by Lipe &
Moulds (1981) in human arteries and veins, because it inhibits
both phases of the contraction elicited by NA in a calcium-free
solution. Thus it may inhibit the release of intracellular calcium
induced by inositol triphosphate, act directly on the contractile
apparatus as previously reported by Jacobs (1984) in bovine
carotid arteries, or activate the calcium uptake into intracellular
stores. It is unlikely that this intracellular action is due to an
increased rate of calcium loss (directly or indirectly via increase
of cyclic nucleotides) as hydralazine does not stimulate calcium-
dependent ATPase in rat aorta (Eleno et al 1987).

In conclusion, both nifedipine and hydralazine have been
characterized as agents with clear vascular smooth muscle
actions, but the cellular basis of the mechanisms by which the
two agents act differs considerably.

This work was supported in part by grants from the Xunta de
Galicia, Conselleria de Educacion (Spain). We are very grateful
for the generous supplies of hydralazine hydrochloride by Ciba-
Geigy and nifedipine by Bayer.

References

Alonso, M., Orallo, F., Bardan, B., Calleja, J. M. (1987) Efectos de
la hidralazina sobre las contracciones inducidas por diversos
agonistas alfa-adrenérgicos en la aorta toracica aislada de rata.
Rev. Farmacol. Clin. Exp. 4: 274

Andersson, R. (1973) Cyclic AMP as a mediator of the relaxing
action of papaverine, nitroglycerine, diazoxide and hydralazine in
intestinal and vascular smooth muscle. Acta Pharmacol. Toxicol.
32: 321-336

Bean, B., Sturek, M., Puga, A., Hermsmeyer, K. (1986) Calcium
channels in muscle cells isolated from rat mesenteric arteries:
modulated by dihydropyridine drugs. Circ. Res. 59: 229-235

Brown, N. L., Chevillard, C., Worcel, M. (1983) Pre- and postjunc-
tional actions of hydralazine in vascular and non vascular smooth
muscle in vitro. J. Pharmacol. Exp. Ther. 226: 512-518

Cano, E., Orallo, F., Cadavid, 1. (1986) Efectos de la hidralazina
sobre la formacion de malondialdehido (MDA) en plasma rico en
plaquetas (PRP) y anillos de aorta de rata. Arch. Farmacol.
Toxicol. XII: 49-55

Cauvin, C., Tejerina, M., Hwang, O., Kai-Yamamoto, M., van
Breemen, C. (1988). The effects of Ca®* antagonists on isolated
rat and rabbit mesenteric resistance vessels. What determines the
sensitivity of agonist-activated vessels to Ca®* antagonists? In:
Vanhoutte, P. M., Paoletti, R., Govoni, S. (eds) Calcium antago-
nists. Pharmacology and Clinical Research. The New York
Academy of Sciences, New York, pp 338-350

Clapham, J. C., Wilson, C. (1987) Anti-spasmogenic and spasmoly-
tic effects of BRL 34915: a comparison with nifedipine and
nicorandil. J. Auton. Pharmacol. 7: 233-242

Cook, N. 8, Quast, U. (1990) Potassium channel pharmacology. In:
Cook, N. S. (ed.) Potassium Channels. Structure, Classification,
Function and Therapeutic Potential. Ellis Horwood, Chichester,
pp 185-255



COMMUNICATIONS 359

Dacquet, C., Mironneau, C., Mironneau, J. (1987) Effects of calcium
entry blockers on calcium-dependent contractions of rat portal
vein. Br. J. Pharmacol. 92: 203-211

Diamond, J., Janis, R. A. (1978) Increases in cyclic GMP levels may
not mediate relaxant effects of sodium nitroprusside, verapamil
and hydralazine in rat vas deferens. Nature 271: 472-473

Diamond, J., Janis, R. A. (1980) Effect of hydralazine and verapamil
on phosphorylase activity and guanosine cyclic 3’, 5-monophos-
phate levels in guinea-pig taenia coli. Br. J. Pharmacol. 68: 275-
282

Diamond, J., Shaikh, M. 1. (1980) Effects of hydralazine and D-600
on tension and phosphorylase activity in rabbit aorta. Fed. Proc.
39: 1176

Eleno, N., Orallo, F., Botana, L., Espinosa, J., Cadavid, 1. (1987)
Relaxing effects of hydralazine on rat aorta is not mediated
through changes in ATPase activity. Arch. Int. Pharmacodyn.
285: 72-79

Godfraind, T. (1983) Actions of nifedipine on calcium fluxes and
contraction in isolated rat arteries. J. Pharmacol. Exp. Ther. 224:
443-450

Godfraind, T. (1988) Calcium channels in smooth muscle. In:
Vanhoutte, P. M., Paoletti, R., Govoni, S. (eds) Calcium antago-
nists. Pharmacology and Clinical Research. The New York
Academy of Sciences, New York, pp 312-327

Godfraind, T., Govoni, S. (1989) Increasing complexity revealed in
regulation of Ca* antagonist receptor. Trends Pharmacol. Sci.
10: 298-301

Godfraind, T., Kaba, A. (1969) Blockage or reversal of contraction
induced by calcium and adrenaline in depolarized arterial smooth
muscle. Br. J. Pharmacol. 36: 549-560

Godfraind, T., Miller, R. C. (1983) Specificity of Ca** entry
blockers. Circ. Res. 52: 81-83

Hamilton, T. C., Weir, S. W., Weston, A. H. (1986) Comparison of
the effects of BRL 34915 and verapamil on electrical and
mechanical activity in rat portal vein. Br. J. Pharmacol. 88: 103-
111

Hermsmeyer, K., Trapani, A., Abel, P. W., Worcel, M. (1983) Effect
of hydralazine on tension and membrane potential in the rat
caudal artery. J. Pharmacol. Exp. Ther. 227: 322-326

Hurwitz, L. (1986) Pharmacology of calcium channels and smooth
muscle. Ann. Rev. Pharmacol. Toxicol. 26: 225-258

Jacobs, M. (1984) Mechanism of action of hydralazine on vascular
smooth muscle. Biochem. Pharmacol. 33: 2915-2919

Kamm, K. E., Stull, J. T. (1989) Regulation of smooth muscle
contractile elements by second messengers. Ann. Rev. Physiol. 51:
299-313

Karaki, H., Weiss, G. B. (1988) Calcium release in smooth muscle.
Life Sci. 42: 111-122

Khayyal, M., Gross, F., Kreye, V. A. W. (1981) Studies on the direct
vasodilator effect of hydralazine in the isolated rabbit renal artery.
J. Pharmacol. Exp. Ther. 216: 390-394

Khayyal, M., Gross, F., Kreye, V. A. W. (1983) Differential effects
of hydralazine on the biphasic responses of helical strips from rat
tail arteries. Gen. Pharmacol. 14: 121-123

Limas, C. J., Cohn, J. N. (1974) Stimulation of vascular smooth
muscle Na*, K*- ATPase by vasodilators. Circ. Res. 35: 601-607

Lipe, S., Moulds, R. F. W. (1981) In vitro differences between
human arteries and veins in their responses to hydralazine. J.
Pharmacol. Exp. Ther. 217: 204-208

McLean, A. I., Du Souich, P., Barron, K. W., Briggs, A. H. (1978)
Interaction of hydralazine with tension development and mecha-
nisms of calcium accumulation in K *-stimulated rabbit aortic
strips. Ibid. 207: 40-48

Nishizuka, Y. (1984) The role of protein kinase C in cell surface
signal transduction and tumor promotion. Nature 308: 693-698

Orallo, F., Fontenla, J. A., Calleja, J. M. (1991) Differente
sensibilidad de la aorta de ratas normotensas y genéticamente
hipertensas (SHR) a la accion de la hidralazina. Comparacion con
los efectos cardiovasculares in vivo. Proc. of the XVIII Congreso
Internacionale de la Societa Farmaceutica del Mediterraneo
Latino. Rome. Pharm. Med. XVI. In press.

Putney, J. W. (1986) Calcium-mobilizing receptors. Trends Pharma-
col. Sci. 8: 481-485

Tsien, R. W., Lipscombe, D., Madison, D. V., Bley, K. R., Fox,
A. P.(1988) Multiple types of neuronal calcium channels and their
selective modulations. Trends Neurosci. 11: 431-438

van Breemen, C., Saida, K. (1989) Cellular mechanisms regulating
[Ca?*]; smooth muscle. Ann. Rev. Physiol. 51: 315-329

Vanhoutte, P. M., Rimele, T. M., Van Nueten, J. M. (1983) Calcium
entry blockers and contractile responses of vascular smooth
muscle. In: Calcium Antagonists. The State of the Art and Role in
Cardiovascular Disease. Symp. Frontiers Pharmacol. 2: 65-75

Weiss, G. B., Hatano, K., Stall, J. I. (1981) Contrast between actions
of two calcium channel inhibitors and hydralazine on tension and
on uptake and mobilization of **Ca in rabbit aortic smooth
muscle. Blood Vessels 18: 230



