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RESTORATION OF VASOCONSTRICTOR RESPONSES TO
NORADRENALINE BY PROSTAGLANDIN E, AFTER
a-ADRENOCEPTOR BLOCKADE IN RAT ISOLATED

MESENTERIC ARTERY
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1 The effects of prostaglandin E, (PGE;) on responses to noradrenaline (NA) after a-
adrenoceptor blockade were studied in the isolated mesenteric artery of the rat.

2 Phentolamine (32 nM) tolazoline (41 uM) and yohimbine (1.28 um) blocked NA-induced vaso-
constriction competitively with dose-ratios of 13.9+ 1,22.0+ 1 and 26.6 + 0.9 respectively.

3 PGE; (28 nM) restored responses to NA during a-adrenoceptor blockade and reduced NA
dose-ratios to 2.8 + 0.1 (phentolamine), 5.9 £ 0.4 (tolazoline) and 1.7 0.1 (yohimbine).

4 Atlow concentrations (0.29 nMm), phenoxybenzamine blockade of NA-induced vasoconstriction
was also antagonized by PGE,.

§ PGE, did not reduce the pA, of the competitive antagonists; therefore the antagonism of
a-adrenoceptor block by PGE, was not due to a reduction in the affinity of the antagonist for the
receptor.

6 The calcium ionophore, A23187, also antagonized competitive a-adrenoceptor blockade but
was less potent than PGE,.

7 Evidence is provided to suggest that although both PGE; and A23187 can potentiate the action
of NA in this preparation, the two compounds probably reverse a-adrenoceptor blockade by
different mechanisms.

8 Inhibition of NA-induced vasoconstriction caused by the calcium antagonists cinnarizine,
verapamil and high concentrations of phenoxybenzamine (>>2 nM) were not affected by PGE,;.

9 It is proposed that PGE; restores responses to NA after a-adrenoceptor blockade by increasing

intracellular Ca?* ion concentration or by activating a-adrenoceptor-associated Ca?* channels.

Introduction

Since the finding (Vane, 1971) that aspirin-like drugs
inhibit prostaglandin synthesis, this group of com-
pounds have been used to study the probable role of
prostaglandins in physiological functions. Examples
of this kind of investigation are those in the rabbit
jejunum (Ferreira, Herman & Vane, 1976) and
guinea-pig ileum and colon (Bennett, Eley & Stock-
ley, 1975a, b; 1976), in which prostaglandin sythet-
ase inhibitors reduce muscle tone. This effect can be
reversed by low concentrations of prostaglandins. It
is therefore presumed that muscle tone is maintained
by endogenous prostaglandin generation. In the rat
mesenteric artery preparation, Horrobin, Manku,
Karmali, Nassar & Davies (1974) showed that aspi-
rin and indomethacin inhibited noradrenaline-
induced vasoconstriction. The inhibitory action of
the prostaglandin synthetase inhibitors was reversed
by low concentrations of prostaglandin E, (PGE,).
The authors therefore also concluded that the action
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of noradrenaline involved endogenous prostaglandin
generation. This conclusion involves the assumption
that the inhibitory action of the prostaglandin synth-
etase inhibitors is due entirely to prevention of en-
dogenous formation of prostaglandins. Horrobin et
al. (1974) thus argue that noradrenaline vasocon-
striction in the rat mesenteric artery is mediated by
prostaglandins.

In the course of studies with a-adrenoceptor an-
tagonists in the rat isolated mesenteric artery, we
have observed that the effects of phentolamine, to-
lazoline and yohimbine in blocking noradrenaline-
induced vasoconstriction, can also be reversed by low
concentrations of PGE,. Since these antagonists are
not known to inhibit prostaglandin synthesis, it was of
interest to investigate the mechanism by which PGE,
restored responses to noradrenaline during o-
adrenoceptor blockade. A preliminary account of
these findings has been published (Adeagbo, 1980).
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Methods
Preparation of mesenteric artery for perfusion

Surgical operations were carried out according to the
method of McGregor (1965). Adult male rats weigh-
ing 250 g and above were anaesthetized with diethyl
ether or chloroform. The abdomen was opened and
the pancreatico-duodenal and ileo-colonic branches
of the superior mesenteric artery were all tied off.
The dorsal aorta was ligated a few mm anteriorly and
posteriorly from its juction with the superior mesen-
teric artery. The latter was then isolated by cutting
round the intestinal borders of the mesentery. There-
after the whole preparation was quickly transferred
on to a glass surface maintained at 37°C. The artery
was cannulated and perfused at the rate of 4 ml/min
with Krebs solution of the following composition
(mM): NaCl113, KCl14.7, CaCl,2.5, NaH,PO, 1.2,
MgCl, 1.2, NaHCO3 25 and glucose 11.5. The solu-
tion was bubbled with 5% CO, and 95% O, and
perfused with a Watson-Marlow constant flow in-
ducer (type MHRE-88). The preparation was care-
fully arranged on blotting paper (moistened with
Krebs solution) which was placed on the surface of a
250 ml conical flask in which water at 37°C circu-
lated. The preparation was lightly covered with moist
cotton wool which was periodically moistened with
warm Krebs solution from a pipette. An Angle-poise
lamp arranged above the flask ensured that the whole
preparation was maintained at 37°C throughout the
experiment. Changes in perfusion pressure were re-
corded on a Bell & Howell pressure transducer (Type
4-327-223) on a Devices M. 19 recorder. Drugs were
injected through pressure tubing placed just before
the rollers of the constant flow inducer in volumes not
exceeding 0.2 ml at S min intervals. In cases where
the artery was perfused with prostaglandins or an-
tagonists, the Krebs solution contained the required
concentration of the drug. In all cases, the arteries
were allowed to equilibrate for at least 30 min before
the start of the experiment. Ca’*-free Krebs was
prepared by omitting calcium chloride from the con-
stituents of normal Krebs solution (Bucks, Whitacre
& Long, 1967).

Determination of the degree of antagonism
Dose-ratios (DR) for competitive antagonists against
noradrenaline (NA) were measured in the presence
of at least three concentrations of antagonist. pA,
values were determined from A-S plots (Arunlak-
shana & Schild, 1959).

Statistical analysis

Results are expressed as mean * standard error of

the mean (s.e.mean), where (n) represents the
number of observations in the group.The significance
of difference between grouped data was evaluated by
Students rtest where appropriate. P<0.05 was taken
as significant.

Drugs used

(—)-Noradrenaline free base (Sigma Chem Co),
prostaglandins E,; and F, (Upjohn Ltd), phen-
tolamine HCI (Ciba), phenoxybenzamine HCI (Pbz)
(Smith, Kline & French Ltd) cinnarizine (Janssen
Pharmaceuticals Ltd), verapamil HCI (Cordilox am-
poules, Abbot Laboratories Ltd), and A23187 (Elli-
Lilly) were used. Stock solutions of PGE, and PGF,,
were prepared in 96% ethanol, cinnarizine was dis-
solved in 50% methanol and phenoxybenzamine in
acidified ethanol (Benfey & Grillo, 1963). Norad-
renaline stock solution was made up in 0.1N HCI. All
stock solutions were stored at —20°C and diluted
freshly with normal saline or Krebs solution just
before use.

Results

a-Adrenoceptor blockade and its reversal by
prostaglandin E,

Phentolamine (32 nM-2.52 uM), tolazoline (2.5 uM—
40 uM) and yohimbine (50 nM—1.28 uM) blocked NA
in a competitive manner: (a) the NA dose-response
curve in the presence of the antagonist was shifted to
the right and parallel to the control curve, and (b) the
slopes of the A-S plots, 0.96 +0.04 (phentolamine),
1.03£0.04 (tolazoline) and 0.85 + 0.02 (yohimbine)
(n=8 in each case) were not significantly different
from 1 (P>0.05).

Results with phenoxybenzamine (Pbz) were more
complicated. In low concentrations (< 2nM), the
blockade of NA was surmountable by increasing the
dose of NA. If NA dose-response curves were re-
peated after a brief contact with Pbz (less than
30 min), the block showed characteristics of competi-
tive antagonism. For example, when pA, was calcu-
lated from the equation: pA; = log (DR—1) — log
(I), where (I) = concentration of Pbz and DR =
dose-ratio, the values obtained with 0.074nM,
0.29nM and 1.16nM Pbz were 10.58%0.5,
10.65+0.7 and 10.55+0.9 respectively (n=6 in
each case). The values were not significantly different
from one another (P>0.05). This is indicative of
competitive antagonism (Mackay, 1978). With a
given concentration of Pbz, the degree of block in-
creased with prolongation of the time of contact with
Pbz and the block exhibited characteristics of non-
competitive antagonism (see Figure 2). The block of
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Figure1 Restoration by prostaglandin E; (PGE3) of responses to noradrenaline (NA) in isolated mesenteric artery
of the rat during a-adrenoceptor blockade by phentolamine. The doses below the tracing are ug NA injected into the
perfusate. (a) Responses to NA in normal Krebs solution; (b) responses to NA in the Eresence of phentolamine
3.2 x 1078 M; (c) responses to NA in the presence of phentolamine and PGE, (2.8 x 10™% M

NA with concentrations of Pbz much higher than
2 nM was noncompetitive.

Antagonism of NA-induced vasoconstriction
caused by phentolamine, tolazoline, and yohimbine
were reversed by PGE, (Figure 1), the degree of
reversal being directly proportional to the concentra-
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tion of the prostaglandin. Antagonism of NA-
induced vasoconstriction by Pbz in the concentration
range 0.074 nM - 0.29 nM, was also reversed by PGE,
(Figure 2). Blockade of NA responses increased with
increase in Pbz contact time. Therefore it should be
noted that NA block would be greater in Figure 2c
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Figure 2

Restoration by prostaglandin E; (PGE) of responses to noradrenaline (NA) in isolated mesenteric artery

of the rat during a-adrenoceptor blockade by phenoxybenzamine 0.29 nM. The doses below the tracing are ug NA
injected into the perfusate. (a) Control responses to NA ; (b) responses to NA in the presence of phenoxybenzamine
(Pbz); (c) responses to NA in the presence of both Pbz and PGE;. All responses were obtained from the same

preparation.
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Table 1 Effect of prostaglandin E; (PGE;, 2.8 x 10_8M) on noradrenaline (NA) blockade caused by various
adrenoceptor antagonists in isolated perfused mesenteric artery of the rat

NA dose-ratio in

Concentration of the presence of
antagonist antagonist alone
Antagonist ™M) (DRQ)
Phentolamine 32 x10°8 139+1.0
Tolazoline 41 %1073 22.0%1.0
Yohimbine 1.28+107¢ 26.6+0.9
Phenoxybenzamine 29 x107! 179+1.0

The mean values were derived from 6-9 experiments.
*See text under Discussion.

than Figure 2b if PGE, were not present in 2c. Hence
the extent of restoration of NA responses by PGE; is
greater than is apparent from the trace. Such a situa-
tion may well account for the relatively smaller rever-
sal factor for Pbz than the other a-adrenoceptor
antagonist shown in Table 1. Blockade by Pbz at
concentrations higher than 2nM was not reversed by
PGE,.

The extent of reversal by PGE; of the blockade by
each of the antagonists was estimated by determining
dose-ratios with the antagonist before and in the
presence of different concentrations of PGE,. Con-
centrations of PGE, ranging from 2.8 x 107°M to
2.8x107"M dose-dependently reduced the NA
dose-ratios obtained with the four antagonists (Table
1). For a given antagonist, the effect of PGE; on the
NA dose-ratio was dependent on the dose of PGE,

(Figure 3).
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Figure 3 Effect of increasing concentrations of pros-
taglandin E; (PGE;) on dose-ratios obtained with
noradrenaline in the presence of phentolamine 32 nM in
isolated mesenteric artery of the rat. Each point is a
‘mean of 6 measurements; vertical lines show s.e.mean.

NA dose-ratio in NA dose-ratio in

the presence of DRA — DRspG the presence of
antagonist + PGE,  (Reversal = PGE; *(Potentiation
(DRApG) factor) factor)
25101 11.4+0.8
59+04 16.1+0.9
1.7%0.1 249105 5.0%+0.2
8.4+0.8 9.5+0.7

The ability of PGE, to reverse the competitive
blockade of a-adrenoceptors might suggest that
PGE, interferes with antagonist-receptor interac-
tion. If this were so, different binding characteristics
for the antagonist might be expected. To test this
possibility, the pA, for each competitive antagonist
was determined against NA before and in the pres-
ence of 2.8 x 10~%M PGE,. The results, presented in
Table 2 show that PGE, did not reduce the apparent
affinity of the antagonist for the receptor. In fact,
PGE, significantly increased the pA, values for
phentolamine and tolazoline.

Effect of prostaglandin E; on blockade of
noradrenaline by cinnarizine and verapamil

Both cinnarizine and verapamil are potent antagon-
ists of the excitation-contraction coupling system in
vascular smooth muscle (Godfraind & Kaba, 1972).
Neither of these two substances possesses specific
a-adrenoceptor blocking activity. It was thus of inter-
est to study the interaction of PGE, with these an-
tagonists. Both cinnarizine and verapamil were po-
tent antagonists of NA-induced vasoconstrictor re-
sponses. The block was non-competitive in nature
and PGE;, did not interfere with the blockade (Figure
4). KCl-induced responses were also inhibited by
cinnarizine and verapamil and PGE; had no effect on
their action.

Influence of Ca®* ionophore (A23187) on
a-adrenoceptor blockade by phentolamine, tolazoline
and yohimbine

In a previous paper (Adeagbo & Okpako, 1980)
evidence was presented to support the view that
PGE, potentiated NA-induced vasoconstriction by
facilitating Ca?* influx. In order to determine
whether the reversal of a-adrenoceptor blockade
observed in the present experiments could also be
explained on the same basis, we studied the interac-
tion of the Ca** ionophore, A23187, with a-
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Table 2 Effect of prostaglandin E; (PGE,) on a-adrenoceptor antagonism in isolated mesenteric artery of the rat

Normal Krebs During perfusion with PGE, 2.8 x 10~ % m

Antagonist PA2 Slope of A-S line PA2 Slope of A-S line

Phentolamine 8.58+0.11 0.96+0.04 8.95+0.14* 0.92+0.02N8
(n=8) (n=8)

Tolazoline 5.69+0.01 1.03+0.04 6.15+0.01* 0.97+0.03"S
(n=28) (n=28)

Yohimbine 7.48+0.07 0.85+0.02 7.54+0.04N8 0.83+0.01NS
(n=28) (n=28)

Phenoxybenzamine 10.84+0.01 0.87+0.01 10.55+1.10N8 0.83+0.3™
(n=26) (n=6)

*Significantly higher than controls (P <0.005); NS — Not significantly different from controls (P>0.05).

adrenoceptor antagonists. This compound facilitates
excitation-contraction coupling by promoting Ca*
influx across cell membranes (Reed & Lardy, 1972;
Pressman, 1976). Like PGE,, A23187 potentiated
NA vasoconstriction over a wide range of doses. In a
concentration of 1.9 x 107%M, A23187 potentiated
NA almost nine fold. The effect of this concentration
on a-adrenoceptor blockade by phentolamine, to-
lazoline and yohimbine was investigated. The results
are shown in Table 3. It can be seen that A23187
considerably reduced NA dose-ratios obtained in the
presence of the three antagonists.

Effect of Ca®* lack

In one series of experiments, the interaction of NA
with a-adrenoceptor antagonists and the influence of
PGE, thereon were studied in Ca®*-free Krebs. The
results (Table 4) show that PGE, also reversed phen-
tolamine, toldzoline and yohimbine block in Ca?*-
free Krebs.

Discussion

These results show that PGE, can restore responses
to NA during competitive blockade of a-
adrenoceptors by phentolamine, tolazoline, and
yohimbine. Reversal of blockade of NA-induced
vasoconstriction was also observed when Pbz was
used in low concentrations. However, PGE, had no
effect when NA-induced vasoconstriction was inhi-
bited by the calcium antagonists, cinnarizine or ver-
apamil and high doses of Pbz.

Our results are comparable to those of Maxwell,
Plummer, Polvalski, Schneider & Coombs (1959)
who observed that cocaine reversed the blocking
actions of surmountable antagonists, but not those of
unsurmountable antagonists of NA. However, these
authors associated the reversal with cocaine-induced
supersensitivity and suggested that cocaine might
cause changes in the configuration of «-
adrenoceptors. Since PGE, also enhances the sen-
sitivity of the rat mesenteric artery to NA (Adeagbo

a
175 =
T 140 =
£
E 105 el
Q P4
g 70 =
o 45
Q
| |
0.1 10

b
,,//:/(f“
1 T T | |

10 0.1 1.0 10 30

NA (ug log scale)

Figure 4 Failure of prostaglandin E; (PGE2 28 nM) to restore responses to noradrenaline (NA) in isolated
mesenteric artery of the rat in the presence of cinnarizine 1 pug/ml (a) or verapamil 0.5 pg/ml (b). (@—@®) Control
responses to noradrenaline; (O—O) responses to noradrenaline in the presence of cinnarizine (a) and verapamil
(b); (®---@) responses to noradrenaline in the presence of antagonist plus PGE; 28 nm.



54 A.S.0. ADEAGBO & D.T. OKPAKO

Table 3 Effect of A23187 (1.6 x 1076 M) on noradrenaline (NA) blockade caused by various a-adrenoceptor

antagonists in isolated perfused mesenteric artery of the rat

NA dose-ratio in

NA dose-ratio in

NA dose-ratio in

the presence of the presence of DRA — DR 423187 the presence of

antagonist alone antagonist + A23187 *(Reversal A23187 alone
Antagonist (DRA) (DRA23187) factor) *(Potentiation factor)
Phentolamine 16.1+1.3 6.7+0.6 94+1.1
(32x10"%m)
Tolazoline 22.3%1.0 143+14 8.1+0.9 8.7*+1.0
4.1x1075Mm)
Yohimbine 24.8+0.4 17.0+0.8 7.8+0.5

(1.28 x 10~ %m)

Each mean value is derived from six experiments. *See Discussion.

& Okpako, 1980) we have determined pA; values for
various a-adrenoceptor antagonists with NA as agon-
ist, before and in the presence of PGE,. This ap-
proach was based on the principle that any alteration
in the nature of the a-adrenoceptor might be ex-
pected to lead to changes in the binding characteris-
tics of the receptor with its specific antagonist (Green
& Fleming, 1967; Taylor & Green, 1971). The re-
sults showed that PGE; could not be said to restore
NA responses in the presence of a-adrenoceptor
blockade by altering the receptor in such a way as to
reduce its affinity for the antagonist, since pA; values
determined in the presence of PGE, were, if any-
thing, increased. PGE; potentiates NA-induced vas-
oconstriction in this preparation by a mechanism that
involves utilization of external Ca?* (Adeagbo &
Okpako, 1980). Part of the evidence for this view is
that potentiation was absent in Ca?*-free Krebs and
increased in proportion to the concentration of Ca®*
in the external medium. Reversal of antagonism de-
scribed here cannot be accounted for wholly in terms
of enhancement of NA-induced vasoconstriction
caused by PGE,. Firstly, although NA potentiation is
not observed in Ca?*-free Krebs, antagonism of NA
by phentolamine, tolazoline and yohimbine in Ca?*-
free Krebs was reversed by PGE; (see Table 4). This
suggests that, unlike the potentiation phenomenon,
external Ca?* may not be involved in blockade rever-
sal by PGE,. Secondly, if enhancement of NA-

induced vasoconstriction by PGE; could wholly ac-
count for the reversal, then the following relationship
would be expected to hold for a given dose of PGE;:

DRp (Potentiation factor) = DR — DR apg (Rever-
sal factor)

where DRp = NA dose-ratio in the presence of
PGE,,
DR, = NA dose-ratio in the presence of
antagonist,

DRapc = NA dose-ratio in the presence of
antagonist + PGE,.

For all the antagonists (Table 1) the reversal factors
were significantly higher (P <0.005) than the poten-
tiation factor obtained for NA with 2.8 x 107%m
PGE,.

In contrast, the partial reversal by A23187 of NA
antagonism appeared to be due to its ability to en-
hance NA vasoconstriction, since A23187 reversed
blockade of NA by the same order of magnitude as
that by which it potentiated NA (Table 3). Further-
more A23187 did not restore responses to NA after
blockade of a-adrenoceptors in Ca*-free Krebs.
A23187 facilitates Ca?* influx (Reed, 1968; Reed &
Lardy, 1972; Pressman, 1976) which would account
for potentiation of NA-induced vasoconstriction.

It is noteworthy that antagonism of NA by cin-
narizine, Pbz (high dose) and verapamil was unaf-
fected by PGE,. All these agents can block

Table 4 Effect of prostaglandin E; (PGE,, 2.8 x 10~8 M) on blockade of noradrenaline-induced effects in isolated
mesenteric artery of the rat caused by various a-adrenoceptor antagonists in Ca2*-free Krebs solution

NA dose-ratio in the presence of

NA dose-ratio in the presence of

Antagonist antagonist alone (n = 6) antagonist + PGE; (n = 6)
Phentolamine 17.6+0.9 53%+0.6
(32x107%m)

Tolazoline 272127 8.6+0.8

(4.07 x 10" M)

Yohimbine 20.2+1.0 1.9+0.2

(128107 " m)
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excitation-contraction (E-C) coupling. For instance,
verapamil blocks E-C coupling in heart muscle by
Ca®* antagonism (Fleckenstein, Tritthart, Flecken-
stein, Herbst & Grun, 1969) or specific block of
potential-dependent Ca?* permeability channels
(Rasmussen & Goodman, 1977). Similarly, cin-
narizine (Godfraind & Kaba, 1968; 1972) and Pbzin
higher concentrations (Bevan, Osher & Su, 1963;
Shibata & Carrier, 1967) have been shown to be
Ca®* antagonists. In contrast, none of the so-called
competitive antagonists at the a-adrenoceptor site
have been shown to be Ca* antagonists.

Moran, Swammy & Triggle (1970) proposed that
activation of a-adrenoceptors by NA in vascular
smooth muscle, causes a proportionate amount of
bound- intracellular Ca?* ions to be released for
contraction. a-Adrenoceptor blockade would
therefore reduce the amount of bound Ca?* mobil-
ized by the agonist. The present finding that PGE,
can restore agonist responses in the presence of
a-adrenoceptor blockade without reducing the ap-
parent affinity of the antagonist for the receptor
suggests that the prostaglandin increases the avail-
ability of Ca?* for contraction. Since restoration of
NA responses can occur in normal as well as in
Ca®*-free Krebs, it is possible that the action of PGE,

References

ADEAGBO, A.S.0. (1980). Reversal of a-adrenoceptor
blockade by PGE; in mesenteric artery. Br. J. Pharmac.,
70,91P.

ADEAGBO, AS.0. & OKPAKO, D.T. (1980). Mechanism
of noradrenaline potentiation by PGE; in rat mesenteric
artery. Br. J. Pharmac., 71, 75-81.

ARUNLAKSHANA, O. & SCHILD, H.O. (1959). Some
quantitative uses of drug antagonists. Br. J. Pharmac.
Chemother., 14, 48— 58.

BENFEY, B.G. & GRILLO, S.H. (1963). Antagonism of
acetylcholine by adrenaline antagonists. Br. J. Pharmac.
Chemother., 20, 528-533.

BENNETT, A., ELEY, K.G. & STOCKLEY, H.L. (1975a).
The effects of prostaglandins on guinea-pig isolated
intestine and their possible contribution to muscle activ-
ity and tone. Br. J. Pharmac., 54, 197-204.

BENNETT, A., ELEY, K.G. & STOCKLEY, H.L. (1975b).
Modulation by prostaglandins of contractions in guinea-
pig ileum. Prostaglandins, 9,377 -384.

BENNETT, A., ELEY, K.G. & STOCKLEY, H.L. (1976).
Inhibition of peristalsis in guinea-pig isolated ileum and
colon by drugs that block prostaglandin synthesis. Br. J.
Pharmac., 57, 335-340.

BEVAN, J.A., OSHER, J.V. & SU, C. (1963). Response of
vascular smooth muscle to potassium and its antagonism
by phenoxybenzamine. J. Pharmac. exp. Ther., 139,
216-221.

in this regard involves both facilitation of calcium
influx (Eagling, Lovell & Piddes, 1972; Adeagbo &
Okpako, 1980) and mobilization of bound intracellu-
lar Ca?*. The finding that PGE, failed to reverse
blockade caused by verapamil, cinnarizine and high
concentrations of Pbz, is consistent with the view that
calcium is required for the action of PGE,.

So far there is no evidence that a-adrenoceptor
blockade involves inhibition of prostaglandin syn-
thesis. The a-adrenoceptor antagonists used in this
study do not inhibit prostaglandin synthesis. The
results thus demonstrate that PGE, may restore vas-
oconstrictor responses to NA even if the agent which
reduced the responses did not inhibit endogenous
generation of prostaglandins.

We thank Dr J.E. Pike, Upjohn, Kalamazoo, U.S.A. for
generous gifts of prostaglandins, Janssen Pharmaceuticals
Limited for cinnarizine, Abbot Laboratories for Verapamil
HCI, and Elli-Lilly for A23187. The work was supported by
grants from the West African Medical Research Council,
and the University of Ibadan Senate Research Fund.
A.S.O.A. was supported by a Rockefeller Foundation Med-
ical Research Training Fellowship. We are grateful to Mr
Luke Odueze for technical assistance and Miss Grace
Bamidele for typing the manuscript.

BUCKS, T.F.,, WHITACRE, T.S. & LONG, J.P. (1967). Ef-
fects of calcium deficient perfusion on isolated mesen-
teric arteries. Archs. int. Pharmacodyn., 168, 304-311.

EAGLING, EM,, LOVELL, H.G. & PICKLES, V.R. (1972).
Interaction of prostaglandin E; and calcium in the
guinea-pig myometrium. Br. J. Pharmac.,44,510-516.

FERREIRA, S H., HERMAN, A. & VANE, JR. (1976).
Prostaglandin production by rabbit isolated jejunum
and its relationship to the inherent tone of the prepara-
tion. Br. J. Pharmac., 56, 469-477.

FLECKENSTEIN, A., TRITTHART, H., FLECKENSTEIN,
B., HERBS, T'A'i & CRUN, G. (1969). A new group of
competitive Ca * antagonists (Improveratril, D600,
phenylamine) with highly potent inhibitory effects on
excitation-contraction coupling in mamalian myocar-
dium. Eur. J. Physiol., 307, R25.

GODFRAIND, T. & KABA, A. (1968). Inhibition by cin-
narizine and chlorpromazine of the contraction by cal-
cium and adrenaline in vascular smooth muscle. Br. J.
Pharmac., 35,354-361.

GODFRAIND, T. & KABA, A. (1972). The role of calcium
in the action of drugs on vascular muscle. Archs int.
Pharmacodyn., 196, 35-49.

GREEN, R.D. & FLEMING, W.W. (1967). Agonist — an-
tagonist interactions in the normal and supersensitive
nictitating membrane of the spinal cat. J. Pharmac. exp.
Ther., 156,207-214.



56 A.S.0. ADEAGBO & D.T. OKPAKO

HORROBIN, D.F., MANKU, M.S., KARMALLI R., NASSER,
B.A. & DAVIES, P.A. (1974). Aspirin, indomethacin,
catecholamines and prostaglandin interaction on rat
artericles and rabbit heart. Nature, Lond., 250, 425.

MacKAY, D. (1978). How should values of pA; and affinity
constants for pharmacological competitive antagonists
be estimated? J. Pharm. Pharmac., 30, 312-313.

McGREGOR, D.D. (1965). The effect of sympathetic nerve
stimulation on vasoconstrictor responses in perfused
mesenteric blood vessels. J. Physiol., 177,21-30.

MAXWELL, R.A.,, PLUMMER, AlJ, POVALSKI, H,
SCHNEIDEN, F. & COOMBS, H. (1959). A comparison
of some of the cardiovascular actions of methyl-
phenidate and cocaine. J. Pharmac. exp. Ther., 126,
250-257.

MORAN, J.F., SWAMMY, V.C. & TRIGGLE, D.J. (1970).
Irreversible antagonism at the a-receptor. The role of
calcium. Life Sci., 9, 1303-1315.

PRESSMAN, B.C. (1968). Ionophorous antibiotics as mod-
els for biological transport. Fedn Proc., 27, 1283-1288.

PRESSMAN, B.C. (1968). Biological applications of
ionophores A. Rev. Biochem., 34, 501-530.

RASMUSSEN, H. & GOODMAN, D.B.P. (1977). Relation-
ships between calcium and cyclic nucleotides in cell
activation. Physiol. Rev., 57,421-509.

REED, P.W. (1968). A23187: a divalent cation ionophore.
Fedn. Proc., 31, 432.

REED, P.W. & LARDY, H.A. (1972). A23187: a divalent
cation ionophore. J. biol. Chem., 247, 6970-6977.

SHIBATA, S. & CARRIER, O. (1967). Antagonizing action
of chlorpromazine, dibenamine and phenoxybenzamine
on potassium-induced contraction. Can. J. Physiol.,
Pharmac., 45, 587-596.

TAYLOR, J. & GREEN, R.D. (1971). Analysis of reserpine-
induced supersensitivity in aortic strips of rabbits. J.
Pharmac. exp. Ther., 177, 127-135.

VANE, JR. (1971). Inhibition of prostaglandin biozyn-
thesis as a mechanism of action of aspirin-like drugs.
Nature, New Biol., 231, 232-233.

(Received February 12, 1981.
Revised July 3, 1981.)



