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Abstract-In order to clarify the mechanism of hypotensive activity of platelet activating factor (PAF), the 
effects of this drug on blood pressure in anaesthetized normotensive rats, on KCI- and noradrenaline- 
induced 45Ca uptake and contractile responses in rat aorta rings with and without endothelium were studied. 
PAF (3 pg kg- I ,  i.v.) showed long-lasting hypotensive effects in anaesthetized normotensive rats 
accompanied by a significant increase in heart rate. PAF (0.1-10 p ~ )  did not relax the contractions induced 
by noradrenaline (10 p ~ )  or K+  (60 mM) in rubbed or intact rat aorta. PAF did not affect the basal uptake of 
45Ca2+ nor that induced by the two vasoconstrictor agents. In experiments in a calcium free medium, PAF 
(10 p ~ )  had no effect on the noradrenaline- (10 p ~ )  induced contractions. These results suggest that the 
hypotensive activity of PAF in normotensive anaesthetized rats is not due to a direct effect on rubbed and 
intact rat aorta rings (acting within the cell or blocking Ca2+ influx through L-type transmembrane calcium 
channels). 

Hypotension is a characteristic result of the action of platelet 
activating factor (PAF) on the circulatory system (Muirhead 
et a1 1981; Bessin et a1 1983). However, the mechanism of this 
hypotensive activity is not fully clarified. Two main causes 
for hypotension have been proposed: vasodilation in various 
organs (Lai et al 1983; Kenzora et a1 1984; Chu et a1 1988) 
and reduction of cardiac output (Benveniste et al 1983; 
Kenzora et a1 1984; Levi et a1 1984; Sybertz et al 1985). 

The effects of PAF on vascular smooth muscle has been 
reported to differ, depending on the preparation, from 
constriction (Benveniste et a1 1983) to dilation (Lai et a1 1983; 
Sybertz et a1 1985; Chu et a1 1988; Langente et a1 1988). 

Since the initial work of Furchgott & Zawadski (1980), the 
potential importance of the endothelial system in the modu- 
lation of the effects of several drugs on the vascular smooth 
muscle tone has been shown (Alosachie & Godfraind 1988; 
Vanhoutte 1989). However, the involvement of endothelial 
cells in the vasodilation produced by PAF is not clear. 
Kamitani et a1 (1984), Kasuya et a1 (1984) and Chiba et a1 
(1990) reported that the integrity of the endothelial system is 
essential for the vasorelaxant action of PAF, whereas Lefer 
& Lefer (1986) demonstrated that endothelial cells are not 
implicated in this action. 

In view of those conflicting reports, in the present work the 
effects of PAF on blood pressure of anaesthetized normoten- 
sive rats, on tension responses to KCI (K+)  and noradrena- 
line, and on 45Ca uptake in rat aorta with and without 
endothelium have been investigated. 

A preliminary account of this study has appeared else- 
where (Orallo et a1 1991). 

Correspondence: F. Orallo, Department of Pharmacology, 
Faculty of Pharmacy, University of Santiago de Compostela, Avda. 
de las Ciencias sin, 15706-Santiago de Compostela (La Coruiia), 
Spain. 

Materials and Methods 

Blood pressure measurements in anaesthetized normotensive 
rats 
Normotensive male Sprague-Dawley rats, 250-300 g, were 
anaesthetized with urethane (1.26 g kg-', i.p.) and kept warm 
(36.5-37.5"C) with an overhead lamp. Cannules were 
inserted in the trachea to facilitate spontaneous respiration 
and in a common carotid artery for blood pressure measure- 
ment. Systolic and diastolic arterial pressure were monitored 
by means of a TRA 021 Letica pressure transducer on a 
Letica Unigraph 1000-506 device. Heart rate was obtained 
from the arterial pulse wave on a digital counter (Panlab 
0602) connected to the polygraph output. 

The preparation was allowed to equilibrate for at least 30 
min before drug administration. After blood pressure and 
heart rate stabilization, 0.1 mL of PAF solution (3 pg mL-')/ 
100 g body weight was injected intravenously via the right 
femoral vein, in order to observe the effects on blood pressure 
and heart rate. 

Contraction studies 
Male Sprague-Dawley rats, 250-300 g, were killed by a blow 
on the head. The thoracic aorta was rapidly removed, 
stripped of endothelium (in some experiments) by rubbing 
the intimal surface with a cotton bud, cut in cylindrical 
segments 4 mm in length and immediately transferred to an 
organ bath containing 20 mL of Krebs solution of the 
following composition (mM): NaCl 119, KCI 4.7, CaCI2-2 
H 2 0  2.5, KH2P04 1.2, MgS04.7 H20 1.2, NaHC03 25, 
glucose 11, ascorbic acid 0.6 and disodium salt of ethylene- 
diaminetetraacetic acid (EDTA) 0.03. Calcium-free solution 
was prepared by omission of calcium when required. The 
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solution was thermoregulated at 37°C and bubbled with 95% 

The absence of acetylcholine vasorelaxant action in 
precontracted rings and a simple haematoxylin-eosin stain- 
ing technique were used to verify the removal of endothelial 
cells and the integrity of underlying smooth muscle. 

Two stainless steel pins were introduced through the 
lumen of each arterial segment: one pin was fixed to the 
organ baths and the other was connected to a CPOL force- 
displacement transducer for isometric tension recording by a 
computerized Celaster 10s 1 system. 

After an equilibration period of at least 1 h under 2 g 
resting tension, isometric contractions induced by noradren- 
aline (10 p ~ )  or K +  (60 mM) (without keeping the osmolarity 
constant) were recorded for 15 min. Cumulative doses of 
PAF 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 rnin in normal Krebs 
solution and then washed three times for 20 rnin with a 
calcium-free solution (containing 0.5 mM EGTA) before a 
noradrenaline (10 p ~ )  contraction was elicited. To study the 
effects of PAF, the preparations were further washed in 
Krebs solution for 60 min (to fill the Ca2+ stores depleted by 
the first contraction). There was a further 20 min preincuba- 
tion in calcium-free solution before a suitable concentration 
of PAF was added, followed 10 min later by noradrenaline 
(10 p ~ ) .  Other tissues were subjected to the same procedure 
simultaneously, but with the omission of PAF. 

"Ca influx 
Aorta rings weighing 5-9 mg were equilibrated for at least 60 
rnin in physiological solution (composition (mM): NaCl 139, 
KCI 5, MgCI2 1, CaC12.2H20 1.5, Hepes, 5, glucose 10) 
maintained at 37°C and aerated with 100% 02. Afterwards, 
the tissues were incubated for 5 min in a 45Ca- (New England 
Nuclear, sp. act. 35 mCi mg-I) containing medium (0.6 pCi 
mL-I) with or without noradrenaline (10 p ~ )  or K+ (60 mM) 
to analyse the effect of these vasoconstrictor agents on 45Ca 
uptake. To investigate the actions of PAF on this uptake, 
PAF was added to the bath 20 min before and during the 
incubation period with 45Ca. Thereafter, the preparations 
were washed for 5 rnin in 500 mL of La3+ solution, 
composition (mM): NaCl 1 18, KCI 5.9, Tris-hydroxymethy- 
laminomethane 5.4, MgS04.7 H2O 1.2, LaC13:7 H2O 50, 
glucose 1 1; pH = 6.8. 

Afterwards the arteries were blotted, weighed and digested 
in 1 mL H202 (110 volumes) at 115°C for 90 min. After 
cooling, 5 mL of Ready-Safe Beckman were added and the 
radioactivity of the samples counted in a liquid scintillation 
counter (Beckman LS 3801). 

Data presentation and statistical analysis 
Unless otherwise specified, the results presented are mean 
k s.e.m. The statistical significance of differences between 
two means (P< 0.05) was estimated by Student's two-tailed 
West for paired or unpaired data. 

02-5% c02. 

The 45Ca tissue uptake was calculated as follows: 

45Ca uptake (nmol 45Ca (kg wet tissue)-') =counts min-l 
in tissue/wet tissue (kg) x nmol 45Ca in 1 L solution/counts 
min-l in 1 L solution. 

Note that the numerator of the second factor in this 
expression is the concentration of 45Ca, not the total Ca2+ 
concentration. 

Drugs and chemicals 
The following drugs were used: PAF (Sigma), (-)-noradre- 
naline bitartrate (Sigma) and urethane (Merck). 

PAF was dissolved in 95% methanol to make a stock 
solution of 2 mg mL- I and aliquots of this solution were then 
diluted with 0.9% NaCl (saline) (for i.v. bolus administra- 
tion) or deionized water. 

Noradrenaline was prepared daily with deionized water 
from a 100 mM stock solution kept at - 20°C and containing 
0.2% sodium bisulphite to prevent oxidation. 

Urethane was dissolved in saline to make a solution of 25 g 
in 100 mL. This solution was kept at 4°C. 

The chemicals used for the preparation of the physio- 
logical solutions were of analytical grade. 

Results 

Hypotensive effects of PAF in anaesthetized normotensive rats 
PAF (3 pg kg-I, i.v.) produced a pronounced and prolonged 
fall in mean blood pressure, accompanied by a significant 
increase in heart rate (Fig. 1). The maximal percentage of 
mean arterial pressure reduction was 57.62 5.01 % (n = 5). 
The hypotensive action was very rapid and the maximum 
effect was reached approximately after 8 min (Fig. 1). 

EHects of PAF on Contractions induced by noradrenaline and 
high potassium 
Noradrenaline (10 p ~ )  produced a sustained contraction in 
rat aorta rings with and without endothelium, reaching 
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FIG. 1 .  Modifications of blood pressure and heart rate in anaesthe- 
tized normotensive rats after treatment with PAF (3 pg kg-', i.v.). a: 
The cardiovascular effects of PAF. Numbers along the x-axis 
represents heart rate values at single points. b: Effects of PAF (A) on 
the heart rate. Each point is the mean of five experiments. Vertical 
bars indicate s.e.m. **P<O.Ol compared with control values (W). 
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FIG. 2. Effects of PAF on noradrenaline- (10 PM; 0, m) and 
potassium-induced (60 mM; 0,O) contractions in rat aorta rings with 
(H, 0 )  and without (0, 0) endothelium. Each point represents the 
mean f s.e.m. from five experiments. 

4397 f 409 and 5059 f 51 8 mg, respectively (n = 5). High 
potassium (60 mM) caused a tonic contraction in denuded 
and intact preparations, reaching 3670 & 372 and 3586 * 38 I 
mg, respectively (n = 5). Mechanical removal of endothelium 
did not modify significantly the maximal tension induced by 
both vasoconstrictor agents. 

PAF (0.1-10 p ~ )  did not relax the contractions induced by 
noradrenaline (10 p ~ )  or high K+ (60 KIM) in rat rubbed or 
intact aorta rings (Fig. 2). 

Effects of PAF on contractions induced by noradrenaline in 
calcium-free medium 
In rat rubbed or intact aorta rings, noradrenaline (10 p ~ )  
produced a characteristic contraction with two distinct 
components: an initial transient contraction (fast compo- 
nent) (tension = 1067 f 53 mg with endothelium and 
1005 74 mg without endothelium, n = 5) that relaxed to 
sustained tensions of 244 f 23 and 3 16 & 36 mg, respectively 
(slow component). These contractions were unaffected by 
the addition of PAF (10 p ~ )  (fast component ten- 
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FIG. 3. Effect of PAF (10 PM) on noradrenaline-induced contractions 
in calcium-free medium in rat rubbed and intact aorta rings. Data 
are plotted as the mean from five experiments. 
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FIG. 4. Effect of PAF on 45Ca uptake induced by noradrenaline (NA, 
10 PM) and potassium (K+, 60 mM) in rat aorta rings with 
endothelium. Error bars on the columns show s.e.m. of five 
experiments. * P  <0.05, **P <0.01 with respect to the basal uptake. 
Similar results were obtained on rat rubbed aorta rings. 

sion=913f74 and 918f 145 mg; slow component ten- 
sion = 18 1 * 18 and 280 f 48 mg, n = 5, P> 0.05) (Fig. 3). 

The differences between contractions obtained in rubbed 
and intact aorta rings were not significant (P>O.O5). 

Effect of PAF on 45Ca uptake 
The calcium uptake by the segments of rat aorta in the 
absence of other agents (basal uptake) was 8.6k0.22 nmol 
kg-I (n= 5) in preparations with endothelium and 
9.01 f0.32 nmol kg-' (n=5) in preparations without 
endothelium ( P >  0.05). The addition of PAF (1 p ~ )  did not 
affect these values significantly (45Ca tissue content: 
8.8 f0.26 and 8.9k0.37 nmol kg-I, respectively, n =  5, 
P>0 .05) .  

The vasoconstrictor agents, noradrenaline and high K+,  
significantly increased the basal 45Ca uptake in denuded and 
intact aorta rings (45Ca tissue content: 11.7 f0.37 nmol kg-I 
with endothelium and 12.6 fO.41 nmol kg-I without endoth- 
elium (noradrenaline), n = 5, P < 0.05; 15.1 f 0.48 nmol kg- I 
with endothelium and 16.5 f0.58 nmol kg-I without endoth- 
elium (K+), n = 5, P < 0.01). The absence of the endothelial 
system did not affect significantly the 45Ca influx elicited by 
noradrenaline or K+.  

PAF (1 p ~ )  had no significant inhibiting action on 
noradrenaline or high K+-induced 45Ca uptake (tissue 
content of 45Ca: 1 1.4 f 0.33 (intact) and 12.8 f 0.29 nmol 
kg-l (rubbed) (noradrenaline); 14.8 k0.43 (intact) and 
16.1f0.47 nmol kg-I (rubbed) (K+), n=5, P>O.O5) 
(Fig. 4). 

Discussion 

In the present study, PAF showed long-lasting hypotensive 
activity in anaesthetized normotensive rats, which is in 
accordance with the results obtained by Prop et al (1981), 
Sanchez-Crespo et a1 (1982), Lai et al(1983) and Tanaka et a1 
(1983). 

It has been reported that high K +  concentrations cause 
marked contractions in rat aorta tissue by depolarizing 
smooth muscle cells and increasing the influx of calcium 
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through L voltage-dependent channels (Spedding 1987; 
Bolton et al 1988; Karaki & Weiss 1988; Godfraind & 
Govoni 1989). It has also been shown that activation of a,- 
adrenergic receptors by noradrenaline in rat aorta induces a 
two-phase contraction: an initial transient contraction, 
caused by the inositol tri-phosphate-mediated release of 
calcium from the intracellular stores, and a slow, sustained 
contraction, due to Ca2+ influx through the receptor- 
operated Ca2+ channels (Putney 1986; Karaki & Weiss 1988; 
Van Breemen & Saida 1989; Zelis & Moore 1989). 

The results presented in this study show that PAF does not 
relax the contractions induced by noradrenaline or K+  in rat 
rubbed aorta (Kasuya et al 1984), which indicate that PAF 
does not act intracellularly or by blocking calcium influx 
through voltage-dependent and receptor-operated channels 
and that its in-vivo hypotensive action is not due to an in- 
vitro relaxant effect on aorta tissue. However, it should be 
emphasized that this hypotensive effect may be correlated 
with the potential vasorelaxant action of PAF on resistance 
vessels since this drug dilates mesenteric vascular bed of the 
rat (Langente et al 1988; Chiba et al 1990) and dog (Chu et al 
1988). 

The presence of endothelium does not modify the contrac- 
tile effect induced by noradrenaline and high potassium, in 
agreement with previous studies (noradrenaline in rabbit 
aorta (Laher et al 1986); Kt and noradrenaline in basilar 
arteries and rat aorta (Lai et al 1989)), and contrary to results 
obtained for phenylephrine by Malta et al (1986) and for 
noradrenaline by Martin et a1 (1986) in rat aorta. Possibly, 
the different Ca2+ concentrations of the physiological solu- 
tions (Lopez-Jaramillo et al 1990) and the different tech- 
niques used for endothelium removal explain the different 
results reported in the same vascular tissue. Our results are 
supported by the following. The release of relaxant factors 
(e.g. EDRF) from endothelial cells is a calcium-dependent 
process but it is not modulated by calcium influx induced by 
high K+,  since voltage-dependent calcium channels are not 
present in those cells (for review see Angus & Cocks 1989; 
Ignarro 1989). In contrast to results obtained by Eglkme et al 
(1984) and Carrier & White (1985), the release of EDRF does 
not seem to be regulated by noradrenaline, since to date no 
clear evidence for the presence of a2-adrenoceptors on the rat 
vascular endothelium has been presented and several 
workers have concluded that such receptors do not exist 
(Dashwood & Jacobs 1985; Godfraind et al 1985; Martin et 
al 1986). 

However, our data are not supported by the fact that the 
spontaneous release of EDRF can inhibit the contractions 
induced by several agonists in rat aorta (Bullock et al 1986). 

On the other hand, in agreement with the results obtained 
by Lefer & Lefer (1986) in rabbit aorta, our results demon- 
strate that the presence of the endothelial system does not 
contribute to the PAF vasorelaxant action, suggesting that 
the hypotensive activity of PAF in anaesthetized normoten- 
sive rats is not due to a direct effect on the endothelial system, 
increasing endogenous relaxant factors release from endo- 
thelial cells. However, our data are in contrast to the results 
reported by Kamitani et a1 (1 984) and Kasuya et al(1984) in 
rat aorta and Chiba et al (1990) in rat mesenteric artery, 
possibly due to the fact that these investigators used 
experimental conditions different from ours. 

The lack of effect of PAF on calcium channels is shown by 
the experiments involving 45Ca. In correlation with the 
contractility experiments, in the present work the basal and 
45Ca uptake induced by noradrenaline and K+ was similar in 
rat rubbed and intact aorta rings, in agreement with previous 
studies in rabbit and rat aorta (Collins et al 1988) and in 
contrast to the results obtained for basal 45Ca influx by Malta 
et al (1986) in rat aorta. 

Basal, noradrenaline- and K +-induced 45Ca uptake is 
unchanged by the addition of PAF, which suggests that PAF 
does not block the transmembrane calcium movements 
through leakage, voltage-dependent and receptor-operated 
calcium channels in rat denuded or intact aorta. 

The lack of effect to PAF within the cell is confirmed 
from the results with calcium-free medium. Addition of 
noradrenaline in the absence of external CaZ+ induces a fast 
and transient contraction, attributed to release of intracellu- 
lar Ca2+ stores followed by a smaller slow and sustained 
contraction, that is’ thought possibly to involve the break- 
down of phosphoinositide to diacylglycerol, activation of 
protein kinase C by the latter and induction of contraction in 
the presence of a low concentration of Ca2+ (Nishizuka 
1984). In this work, the results in a calcium-free medium 
show two main findings consistent with the results obtained 
in physiological solution; mechanical removal of endothe- 
lium does not modify the contractile effect induced by 
noradrenaline in rat aorta, possibly due to the absence of a2- 
adrenoceptors on the rat vascular endothelium (see above) 
and the spontaneous release of EDRF is a calcium-depen- 
dent process (Angus & Cocks 1989; Ignarro 1989). PAF does 
not act within the cell since it does not inhibit noradrenaline- 
induced contractions in a calcium-free medium in prepara- 
tions with or without endothelium. 

In conclusion, our results confirm the hypotensive activity 
of PAF in anaesthetized normotensive rats. This activity is 
not due to a direct vasorelaxant effect of the drug on rat 
rubbed and intact aorta rings. 

A ckno wledgemen ts 
This work was supported by grants from the Xunta de 
Galicia, Conselleria de Educacion (Spain). 

References 
Alosachie, T., Godfraind, T. (1988) The modulatory role ofvascular 

endothelium in the interaction of agonists and antagonists with 
alpha-adrenoceptors in the rat aorta. Br. J. Pharmacol. 95: 619- 
629 

Angus, J. A,, Cocks, T. M. (1989) Endothelium-derived relaxing 
factor. Pharmacol. Ther. 41: 303-352 

Benveniste, J., Boullet, C., Brink, C., Labat, C. (1983) The actions of 
PAF-acether (platelet-activating factor) on guinea-pig isolated 
heart preparations. Br. J. Pharmacol. 80: 81-83 

Bessin, P., Bonnet, J., Apffel, D., Soulard, C., Desgroux, L., Pelas, I., 
Benveniste, J. (1983) Acute circulatory collapse caused by platelet- 
activating factor (PAF-acether) in dogs. Eur. J. Pharmacol. 86: 
403413 

Bolton, T. B., Mackenzie, I., Aaranson, P. I. (1988) Voltage- 
dependent calcium channels in smooth muscle cells. J. Cardiovasc. 
Pharmacol. 12 (Suppl. 6): S3-S7 

Bullock, G. R., Taylor, S. G.,  Weston, A. H. (1986) Influence of the 
vascular endothelium on agonist-induced contractions and relax- 
ations in rat aorta. Br. J. Pharmacol. 89: 819-830 

Carrier, G. O., White, R. E. (1985) Enhancement of alpha-I and 
alpha-2 adrenergic agonist-induced vasoconstriction by removal 



348 FRANCISCO ORALLO ET AL 

of endothelium in rat aorta. J. Pharmacol. Exp. Ther. 232: 682- 
687 

Chiba, Y . ,  Mikoda, N., Kawasaki, H., Ito, K. (1990) Endothelium- 
dependent relaxant action of platelet activating factor in the rat 
mesenteric artery. Naunyn Schmiedebergs Arch. Pharmacol. 341: 
68-73 

Chu, K.-M., Gerber, J. G., Nies, A. S. (1988) Local vasodilator 
effect of platelet activating factor in the gastric, mesenteric, and 
femoral arteries of the dog. J. Pharmacol. Exp. Ther. 246: 996- 
1000 

Collins, P., Henderson, A. H., Lang, D., Lewis, M. J.  (1988) 
Endothelium-derived relaxing factor and nitroprusside compared 
in noradrenaline- and K+-contracted rabbit and rat aortae. J. 
Physiol. 400: 395-404 

Dashwood, M., Jacobs, M. (1985) Autoradiographic study of the 
alpha-adrenoceptors of rat aorta and tail artery. Eur. J. Pharma- 

Egleme, C., Godfraind, T., Miller, R. C. (1984) Enhanced respon- 
siveness of rat isolated aorta to clonidine after removal of the 
endothelial cells. Br. J. Pharmacol. 81: 16-18 

Furchgott, R. F., Zawadski, J. V. (1980) The obligatory role of 
endothelial cells in the relaxation of arterial smooth muscle by 
acetylcholine. Nature 288: 373-376 

Godfraind, T., Govoni, S. (1989) Increasing complexity revealed in 
regulation of Ca2+ antagonist receptor. Trends Pharmacol. Sci. 
10: 298-301 

Godfraind, T., Egleme, C., Osachie, I.A. (1985) Role ofendothelium 
in the contractile response of rat aorta to alpha-adrenoceptor 
agonists. Clin. Sci. 68: 655-715 

Ignarro, L. J. (1989) Biological actions and properties of endothe- 
lium-derived nitric oxide formed and released from artery and 
vein. Circ. Res. 65: 1.-21 

Kamitani, T., Katamoto, M., Tatsumi, M., Katsuta, K., Ono, T., 
Kikuchi, H., Kumada, S. (1984) Mechanism(s) of the hypotensive 
effect of synthetic 1 -0-octadecyl-2-o-acetyl-glycero-3-phosphoryl- 
choline. Eur. J.  Pharmacol. 98: 357-366 

Karaki, H., Weiss, G .  B. (1988) Calcium release in smooth muscle. 
Life Sci. 42: 1 1  1-122 

Kasuya, Y., Masuda, Y . ,  Shigenobu, K. (1984) Possible role of 
endothelium in the vasodilator response of rat thoracic aorta to 
platelet activating factor (PAF). J. Pharm. Dyn. 7: 138-142 

Kenzora, J. L., Pkrez, J. E., Bergmann, S. R., Lange, L. G. (1984) 
Effects of acetyl glyceryl ether of phosphorylcholine (platelet 
activating factor) on ventricular preload, afterload, and contracti- 
lity in dogs. J. Clin. Invest. 74: 1193-1203 

Laher, I . ,  Nishimura, S., Bevan, J. A. (1986) Prazosin selectively 
antagonizes norepinephrine contractions at low-affinity, non 
alpha-adrenoceptor sites (extraceptors) in arterial muscle. J.  
Pharmacol. Exp. Ther. 229: 846-852 

Lai, F. M., Shepherd, C. A., Cervoni, P., Wissner, A. (1983) 
Hypotensive and vasodilatory activity of ( _ + ) - I  -0-octadecyl-2- 
acetyl-glyceryl-3-phosphorylcholine in the normotensive rat. Life 
Sci. 32: 1159-1166 

Lai, F. M., Cobuzzi, A,, Shepherd, C., Tanikella, T., Hoffman, A,, 
Cervoni, P. (1989) Endothelium-dependent basilar and aorta 
vascular responses in normotensive and coarctation hypertensive 
rats. Ibid. 45: 607-614 

Langente, V., Fortes, Z. B., Garcia-Leme, J., Vargaftig, B. B. (1988) 

COI. 115: 129-130 

PAF-acether and endotoxin display similar effects on rat mesen- 
teric microvessels: inhibition by specific antagonists. J. Pharma- 
col. Exp. Ther. 257: 254-261 

Lefer, D. J., Lefer, A. M. (1986) Failure of endothelium to mediate 
potential vasoactive action platelet activating factor (PAF). IRCS 
Med. Sci. 14: 356-357 

Levi, R., Burke, J. A., Guo, Z. C., Hattori, Y.,  Hoppens, C.  M., 
McManus, L. M., Hanahan, D. J., Pinckard, R. N. (1984) Acetyl 
glyceryl ether phosphorylcholine (AGEPC). A putative mediator 
of cardiac anaphylaxis in the guinea pig. Circ. Res. 5 4  117-124 

Lopez-Jaramillo, P., Gonzalez, M. C., Palmer, R., Moncada, S. 
(1990) Modulation of vascular nitric oxide synthesis by physio- 
logical Cat + concentrations. Eur. J. Pharmacol. 183: 643-644 

Malta, E., Schini, V., Miller, R. C. (1986) Effect of endothelium on 
basal and alpha-adrenoceptor stimulated calcium fluxes in rat 
aorta. Naunyn Schmiedebergs Arch. Pharmacol. 334: 63-70 

Martin, W., Furchgott, R. F., Villani, G .  M., Jothianandan, D. 
(1986) Depression of contractile responses in rat aorta by 
spontaneously released endothelium-derived relaxing factor. J. 
Pharmacol. Exp. Ther. 237: 529-538 

Muirhead, E. E., Byers, L. W., Desiderio, D., Smith, K. A,, Prewitt, 
R. L., Brooks, B. (1981) Alkyl ether analogs ofphosphatidylcho- 
line are orally active in hypertensive rabbits. Hypertension 3: I- 

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

Orallo, F., Verde, I., Loza, M. I., Gil-Longo, J., Campos, M., Freire- 
Garabal, M. (1991) Efectos del PAF sobre las contracciones y el 
influjo de 45Ca inducido por noradrenalina y K +  en la aorta de 
rata con y sin endotelio. IV Reuniao conjunta das Sociedades 
Portuguesa e Espanhola de Farmacologia, Lisboa. Livro de 
resumos: P-49 

Prop, G., Doppelfeld, 1. S., Betzing, H., Graf, E. (1981) Cardiovas- 
cular effects of platelet activating factor (PAF) in rats and dogs. 
Naunyn Schmiedebergs Arch. Pharmacol. 316 (Suppl.): R 42 

Putney, J.  W. (1986) Calcium-mobilizing receptors. Trends Pharma- 
col. Sci. 8: 481485 

Sanchez-Crespo, M., Alonso, F., Iiiarrea, P., Alvarez, V., Egido, J. 
(1982) Vascular actions of synthetic PAF-acether (a synthetic 
platelet-activating factor) in the rat: evidence for a platelet 
independent mechanism. Immunopharmacology 4: 173-185 

Spedding, M. (1987) Three types of Ca2+ explain discrepancies. 
Trends Pharmacol. Sci. 8: 115-1 17 

Sybertz, E. J., Watkins, R. W., Baum, T., Pula, K., Rivelli, M. (1985) 
Cardiac, coronary and peripheral vascular effects of acetyl 
glyceryl ether phosphoryl choline in the anesthetized dog. J. 
Pharmacol. Exp. Ther. 232: 156-162 

Tanaka, S . ,  Kasuya, Y., Masuda, Y., Shigenobu, K. (1983) Studies 
on the hypotensive effects of platelet activating factor (PAF, l-o- 
alkyl-2-acetyl-sn-glyceryl-3-phosphorylcholine) in rats, guinea 
pigs, rabbits, and dogs. J.  Pharm. Dyn. 6: 866-873 

Van Breemen, C., Saida, K. (1989) Cellular mechanisms regulating 
[Ca2+], smooth muscle. Annu. Rev. Physiol. 51: 315-329 

Vanhoutte, P. M. (1989) Endothelium and control of vascular 
function. Hypertension 13: 658-667 

Zelis, M. D. R., Moore, P. D. R. (1989) Recent insights into the 
calcium channels. Circulation 80: IV 14-IV 16 

107-1- 1 I 1 


