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Abstract

The action of four benzylisoquinoline alkaloids (two aporphines—glaucine and apomor-
phine, a benzylisoquinoline—papaverine and a bisbenzyltetrahydroisoquinoline—antio-
quine) on 5-HT-induced contraction in rat thoracic aorta has been examined and compared
with that of the control drugs: ketanserin, nifedipine, prazosin and phentolamine. The relaxant
action on 5-HT-induced contraction was contrasted with that on the contraction induced by
noradrenaline and KCl.

The results obtained with control drugs show that ketanserin has clear selectivity for
5-HT receptors, whereas prazosin and phentolamine have high selectivity for the o-
adrenoceptor and nifedipine seems to have a more potent effect on KCl-induced contrac-
tion than on that induced by 5-HT or noradrenaline. The contraction evoked by 5-HT
(10 uM) was inhibited in a concentration-dependent manner by all the alkaloids. The order
of potency was: papaverine = glaucine > apomorphine > antioquine. Papaverine had a
non-specific relaxant action on 5-HT-, noradrenaline- and KCl-induced contraction,
antioquine had a weak relaxant action on the agonist assays, and glaucine and apomorphine
inhibited noradrenaline- and 5-HT-induced contraction more potently than they inhibited
the K*-depolarized response.

These results indicate that the aporphines assayed, S-glaucine and R-aporphine, had
selective action against agonist (noradrenaline or 5-HT)-induced contraction rather than
against KCl-depolarization of rat aorta. In contrast papaverine, a benzylisoquinoline
alkaloid, relaxes all agents used non-selectively as could be expected from the lack of

specificity that characterizes this alkaloid.

In previous work we have shown that a series of
benzylisoquinoline derivative alkaloids structurally
related to papaverine (glaucine, laudanosine, antio-
quine and boldine) have a relaxant effect on the
vascular smooth muscle that is related to their
capacity to inhibit Ca®" influx through voltage-
operated Ca’" channels, act as a;-adrenoceptor
antagonists and inhibit all or some of the different
forms of cyclic nucleotide phosphodiesterases iso-
lated from the aorta (Anselmi et al 1992, 1994;
Ivorra et al 1992, 1993a, b; Chulia et al 1994).
Because of the large extent of cross-reactivity
between compounds interacting at a-adrenoceptors
and 5-HT receptors (Apperley et al 1976; Black
et al 1981; Purdy et al 1987), in this study we
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have examined the action of some of these com-
pounds that are representative of the different
structural groups. We selected two aporphine
alkaloids — glaucine and apomorphine (Figure 1),
a benzylisoquinoline alkaloid — papaverine and
a bisbenzyltetrahydroisoquinoline alkaloid — antio-
quine, studied their action on 5-HT-induced
contraction and have compared the effects of these
compounds with ketanserin, a 5-HT, antagonist,
nifedipine, an established calcium antagonist, pra-
zosin, a selective o-adrenoceptor antagonist, and
phentolamine, a non-selective «-adrenoceptor
antagonist.

Materials and Methods

Thoracic aortic rings (denuded of endothelium) of
male Wistar rats, 200-220 g, were prepared and
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Figure 1. The chemical structures of the alkaloids investi-

gated.

mounted. Each preparation was suspended in a 10-
mL organ bath containing Krebs-bicarbonate solu-
tion maintained at 37°C and oxygenated with 95%
0,-5% CO,. An initial load of 1 g was applied to
each preparation and maintained throughout a 75—
90 min equilibration period before addition of
agonist. Tension was recorded isometrically on a
Phillips recorder (PM 8222) coupled to a Hewlett-
Packard amplifier (8805D) via force-displacement
transducers (Gould Statham UC?2).

The absence of relaxant response after addition of
107* M acetylcholine to preparations previously
contracted with noradrenaline (1 uM) indicated the
absence of a functional endothelium (Furchgott &
Zawadzki 1980).

The experiments were performed in Krebs-
bicarbonate solution to determine the extent to
which the compounds relaxed rat aorta pre-con-
tracted by 5-HT (10 uM), noradrenaline (1 uM) or
KCl1 (60 mM). Contractions were expressed in mg.
Concentration-response curves of relaxation were
obtained by addition of cumulative concentrations
of the compounds after sustained contractions with
5-HT, noradrenaline or KCl. Relaxation was
expressed as a percentage of the maximum tension
obtained after addition of the highest dose of the
compounds. Concentration-response curves were
analysed by non-linear regression using a compu-
terized iterative procedure (GraphPad Prism 2.0).

Drugs and solutions

L-Noradrenaline L-tartrate and acetylcholine
chloride were from Merck, glaucine, nifedipine,
prazosin, (+ )-cis-diltiazem, apomorphine, 5-HT,
papaverine and ketanserin were from Sigma, and
phentolamine methanesulphonate was from Ciba-
Geigy. Antioquine was isolated from Pseudoxan-

dra sclerocarpa (Annonaceae) by the method of
Cortes et al (1985).

The composition of Krebs-bicarbonate solution
was (mM): NaCl 118, KCl 4.75, CaCl, 1-8, MgCl,
1.2, KH,PO,4 1-2, NaHCO; 25 and glucose 11.

Nifedipine was dissolved in ethanol (1072 M)
and then diluted further with distilled water. The
other drugs were dissolved in distilled water. All
solutions were prepared daily and the pH was
adjusted to 7.0.

Statistical analysis

When analysis of variance showed significant dif-
ferences (P < 0-05), the results were further ana-
lysed by the Student—Newman Keuls test. P values
<0-05 were considered to be indicative of sig-
nificance.

Results

Effect of alkaloids on 5-HT-induced contraction of
rat aorta

5-HT at 10 uM induced sustained contraction of
isolated rat aortic rings. The magnitude of this
contractile response was 646-19 +£26-6 mg (n=7);
this dose of 5-HT proved to be that inducing the
maximum contraction in rat aorta (Noguera &
D’Océn 1993).

All the alkaloids assayed induced concentration—
dependent relaxation in aorta pre-contracted with
5-HT (Figure 2A, Table 1). There was no significant
difference between the relaxant potency of pap-
averine (107%—3 x 10™* M) and glaucine
(10_7 —107* M). The values of IC50 (the con-
centration inducing half the maximum effect) and
Eiax (the maximum effect) for papaverine were
1.94 4-0-45 uM and 100% (n = 6) , respectively; for
glaucine they were 3-18 +-0-83 uM and 93-6 +5-1%
(n=7). Apomorphine (10 °—3 x 10™* M) also
relaxed 5-HT contraction with IC50 and E,,, values
of 12.7+£2-6 uM and 95-3 +2-5% (n=26), respec-
tively. Finally antioquine (10 7% — 3 x 10™* M) was
clearly the least potent of the alkaloids; its maximum
relaxant effect was 60-8 +2-4% and its 1C50 value
223.0£43-0 uM (n=7). After washing out of the
alkaloid, no recuperation of the contractile response
of 5-HT was observed.

The rank order of potency of these alkaloids on
5-HT-induced contraction was papaverine = glau-
cine > apomorphine > antioquine.

Effects of the control drugs on 5-HT-, noradrena-
line- and KCl-induced contraction of rat aorta

The effect of cumulative concentrations of the
different compounds on aorta pre-contracted with
5-HT was also investigated (Figure 2B, Table 1).
Ketanserin (10710 — 1078 M) was the most potent



EFFECT OF BENZYLISOQUINOLINE ALKALOIDS ON RAT AORTA 319

09 A

)
C
°
5 501
x
©
©
o

100-

T T 1
-7:5 -5-5 -3.5
Log drug concn (M)
OB

=

5
‘= 50+

®

X

©
©
o«

- ?
100- t
-12.5 -10-0 -7-5 -5.0 -2.5

Log drug concn (M)

Figure 2. Dose-response curves for the relaxation obtained
after addition of the different compounds to rat aortae pre-
viously contracted by treatment with 10 uM 5-HT. A W,
Glaucine; A, apomorphine; O, antioquine; <, papaverine. B
A, Ketanserin; <, nifedipine; A, phentolamine; @, prazosin.
Each point is the mean of results from n experiments; the
vertical bars represent the s.e.m.

relaxant (IC50 1:9+£04 x 107> uM; Epayx 96-0
+8-2%; n=15). The calcium antagonist nifedipine
induced concentration-dependent relaxation with
IC50 and Ej,y values of 7-05£1-6 x 102 uM and
87-7+3.7% (n=7), respectively.

The two a-adrenoceptor antagonists also relaxed
5-HT-induced contraction,; phentolamine
(10" — 10> M) was more potent than prazosin
(10713 — 107 M)—the IC50 and E, for phen-
tolamine were 0-35+0-07 uM and 78-8+3.7%
(n=7), respectively, whereas those for prazosin
were 2.06+1-16 uyM and 91.0+7-6% (n=3).
After product washout no recuperation of the con-
tractile response of 5-HT was observed except with
ketanserin and phentolamine. The rank order of
potency of these compounds on 5-HT-induced
contraction was ketanserin > nifedipine > phen-
tolamine > prazosin.

Noradrenaline at 1 uM induced sustained con-
traction (348-84+31.0 mg, n=9) in rat isolated
thoracic aorta incubated in Krebs-bicarbonate
solution. Addition of cumulative doses of ketan-
serin, nifedipine, phentolamine and prazosin
induced concentration-dependent relaxation (Fig-
ure 3); the IC50 values are summarized in Table 1.
The rank order of potency of these compounds on
noradrenaline-induced contraction was prazosin >
nifedipine > phentolamine = ketanserin.

Another series of experiments was performed
in Krebs-bicarbonate solution to determine the
blocking effect of each product on Ca”**-entry
through potential-operated Ca’'-channels. The
contractile response of rat aorta was elicited
by depolarizing solution (KCl 60 mM); its
magnitude was 225-2 & 18-5 (n=18). All products
tested induced concentration-dependent relaxation
(Figure 3); the ICS50 values are summarized in
Table 1.

Discussion

In rat aorta the activation of the 5-HT,4 receptor by
addition of 5-HT induces a biphasic contraction
(Sufka et al 1990). An initial transient contraction

Table 1. Parameters of the concentration-response curves for relaxation of 5-HT- and noradrenaline-induced contraction and of

KCl-depolarized rat aorta by addition of cumulative concentrations of the compounds investigated.

Compound 5-HT Noradrenaline KCl1 IC505.11)/ 1C505.u)/

IC50 (ﬂM) IC50 (.UM) IC50 (.L‘M) (noradrenaline) (KCI)

Papaverine 1.94+0-45 (n=06) 3.65+0-87 (n=8)F 42411 (n=4)F 0-53 0-46

Antioquine 223.0+43-0 (n=15) > 300 (n=10)} 133:+£24-0 (n=6) <07 1-68

Glaucine 3.18+0-83 (n=7)***  0-89+0-15 (n=6)** 41-6+43 n=11)1 3.57 0-076

Apomorphine 12.7+£2-6 (n=5)** 14-4+4-1 (n=6)§ 71:3+3:3 (n=5)§ 0-88 0-18

Ketanserin 1:9+04 x 1077 0-21£0-05 87+£23 (n=3) 904 x 1077 2:18 x 10°*
(n=5)* ** (n = 5)**

Nifedipine 705+16 x 1073 11-0+£24 x 1073 075+£015 x 107 06 9.4
(n="7)** (n=>5)t** (n=>5)t

Phentolamine 0-35+0-07 (n=6)***  0-131+0:03 (n="7)** 6709 (n=4) 2.69 0-05

Prazosin 2:06+1-16 (n=3)***  0.2240-04 x 10~° 480+ 151 (n=4)t 923 x 10° 0-04

(n=5)1 **

Values are means % s.e.m. *P < 0.05 significantly different from result for noradrenaline. **P < 0-05, significantly different
from result for KC1. tIvorra et al (1992). 1 Ivorra et al (1993b). §Ivorra et al (1993a).
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produced by IP;-mediated release of Ca®*" from
intracellular stores (via activation of IP;-specific
receptors) was followed by a slow sustained con-
traction caused by Ca”** influx through receptor-
operated Ca®* channels (Karaki & Weiss 1988;
Van Breeman & Saida 1989).

In the current work the relaxant effect of four
alkaloids on 5-HT contraction has been examined.
Two of the four alkaloids, glaucine and apomor-
phine, are apomorphines whereas the others were a
benzylisoquinoline (papaverine) and a bisbenzyl-
tetrahydroisoquinoline (antioquine). The results
obtained with these were compared with those
obtained with several other compounds: ketanserin,
a competitive antagomst of the 5-HT, receptor,
nifedipine, a Ca** antagonist, prazosin, a selective
oj-adrenoceptor antagonist, and phentolamine, a
non-selective a-adrenoceptor antagonist. We also
contrasted the relaxant action of these compounds
on 5-HT-induced contraction with their relaxant
action on noradrenaline- and KCl-induced con-
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traction reported in earlier studies (Ivorra et al
1992, 1993 a, b; Anselmi et al 1994).

The results obtained with the control drugs
showed ketanserin to have greater selectivity for
5-HT-induced contraction (Figure 4A; Table 1).
The IC50(5 HT)/ICSO(noradrenalme) ratio was
9.04 x 107>, and the IC50s.y1)/IC50kc, ratio
was 2-18 x 10™%, the order of this antagonist
potency was 5-HT > noradrenaline > KCI. Both
a-adrenoceptor antagonists prazosin and phentola-
mine relaxed 5-HT-induced contraction but were
more potent on noradrenaline-induced contraction
(Figure 4B, C; Table 1); as expected, prazosin and
phentolamine were more selective for the «,-adre-
noceptor; the rank order of potency of both com-
pounds was noradrenaline > 5-HT > KCI. Our
results show that ketanserin has greater antagonistic
potency than prazosin on 5-HT-induced contraction
and means that in rat aorta 5-HT activated the
5-HT,; receptor to a greater extent than it activated
the o;-adrenoceptor. Finally, the Ca®*-antagonist
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Figure 4. Dose-response curves for the relaxation of W, 5-HT- 8
KClI- $60 mM)_depolarized rat aorta by: A, ketanserin (10~
— 1073M); and D, nifedipine (10~ "' — 107 m). Each point is the mean of results from n experiments; the vertical bars

(107!
represent the s.e.m.

nifedipine seemed to have more potent effect on
KCl-induced contraction than on that induced by
5-HT or noradrenaline (Figure 4D; Table 1). The
rank order of potency was KCl > 5-HT=
noradrenaline. All the alkaloids relaxed 5-HT-
contraction; the rank order of potency was papa-
verine = glaucine > apomorphine > antioquine
(Figure 2A). Comparison of the relaxation induced
by these compounds on 5-HT-induced contraction
with that induced on noradrenaline- and KCl-
induced contraction in previous work (Ivorra et al
1992, 1993a, b) enabled the calculation of the ratios
IC505.11)/IC50noradrenatine) and IC50(s.u1)/
IC50xc;y which give information on selectivity
(Table 1) and suggest that papaverine has a non-
specific relaxant action on 5-HT-, noradrenaline-
and KCl-induced contraction (Figure 3A). These
results are in agreement with the well-known
spasmolytic behavior of this alkaloid, action which
is ascribed to the inhibition of phosphodiesterases
(Lugnier et al 1972; Bolton 1979; Cumiskey &
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10 uM) and A, noradrenaline- (1 §1M) induced contraction and O,
—~107%m); B, prazosin (10712 —1

0’ M); C, phentolamine

Feigenson 1983), the subsequent increase in cyclic
AMP and cyclic GMP levels, and modification of
intracellular Ca®" distribution. Furthermore, there
is evidence that it might also antagonize Ca**
influx (Schneider et al 1975; Reinhardt et al 1977)
and act on a-adrenoceptors (Ivorra et al 1992). The
results obtained with the bisbenzyltetrahy-
droisoquinoline alkaloid antioquine show that this
compound has a weak relaxant action on 5-HT-
induced contraction; similar action has been
observed against the agonists noradrenaline and
KCI (Ivorra et al 1992) (Figure 3B). The rank order
of potency is KCl > 5-HT > noradrenaline.
Finally, the results obtained with the aporphine
alkaloids show that glaucine and apomorphine
induced concentration-dependent inhibition of 5-
HT-, noradrenaline- and KCl-induced contraction.
Moreover, both aporphines inhibit noradrenaline-
and 5-HT-induced contraction more potently than
they do K*-depolarized contraction. These results
indicate that the aporphines S-glaucine and R-apo-
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morphine have selectivity of action toward agonist
(noradrenaline or 5-HT)-induced contraction com-
pared with that against KCl-depolarization of rat
aorta (Figure 3C, D). In contrast papaverine, a
benzylisoquinoline alkaloid, relaxes non-select-
ively; this is to be expected from the lack of spe-
cificity that characterize this alkaloid.

It is interesting to note that in previous binding
studies Ivorra et al (1992, 1993a, b) demonstrated the
capacity of these alkaloids to interact with a;-adre-
noceptors and with benzothiazepine-binding sites,
and Orallo et al (1995) observed that in isolated intact
rat aorta glaucine competitively inhibited the con-
tractions induced by noradrenaline and non-compe-
titively inhibited those induced by 5-HT. The results
obtained with antioquine show a small relaxant
action on 5-HT contractile response; this low potency
was also observed in a previous study (Ivorra et al
1993b) in which antioquine exhibited a weak relax-
ant potency on noradrenaline and KCl contractile
responses. However, in binding assays this alkaloid
completely inhibits binding of [*H]prazosin and
[3 H]diltiazem to cortical membranes. The dis-
crepancy between the functional and binding results
might be because the development of sustained
contraction at the highest concentration assayed
(300 uMm) in the functional studies could prevent the
relaxant action of higher doses of the compound.

In summary, these data show that the alkaloids
studied can relax smooth muscle cells in rat aorta
previously contracted by 5-HT. However the results
suggest the possibility of a 5-HT antagonist effect
in addition to the o;-adrenoceptor antagonist
properties demonstrated on functional and binding
assays. This antagonistic profile might be useful in
finding possible clinical applications against sev-
eral pathophysiological consequences of the co-
activation of «,-adrenoceptors and 5-HT, receptors,
for example essential hypertension, coronary
vasospasm and Raynaud’s syndrome.
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