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Abstract. The positive chronotropic effect of a high concentration of 5-hydroxytryptamine (5-HT) in rat isolated
atria results mainly from a tyramine-like mechanism and is linked to an increase in cAMP production by an
indirect stimulation of f-adrenoceptors. Using this preparation, we have compared the action of tyramine and
5-HT. The tyramine (0.15 uM)-induced increase in atrial rate was suppressed by atenolol (a f,-blocking drug) and
by nadolol (a f,/,-blocker), while the positive chronotropic effect of 5-HT was reduced by atenolol and suppressed
by nadolol. The 5-HT-induced elevation in cAMP was unchanged in the presence of atenolol and abolished by
nadolol. The involvement of f,-adrenoceptors in the effects of 5-HT could result from competition between 5-HT
and noradrenaline at the f;-adrenoceptors that results in a fixation of noradrenaline on f,-adrenoceptors.

Key words. 5-Hydroxytryptamine; tyramine; rat isolated atria; f-adrenoceptors; cCAMP.

The mechanisms of the 5-HT-induced increase in rat
atrial rate in vitro have been recently studied and re-
ported in several papers. When added to rat isolated
atria, 5-HT induced a dose-dependent increase in atrial
rate. Using *C-5-HT, we showed that at a high concen-
tration (50 uM) 5-HT is taken up into sympathetic
nerve terminals, since the uptake of the labelled amine
was inhibited after nerve destruction by 6-hydroxydo-
pamine and after the treatment of rats by reserpine,
which inhibits the uptake of noradrenaline into its stor-
age vesicles [1]. The 5-HT-induced increase in atrial rate
was associated with a noradrenaline release measured in
atria preloaded with SH-noradrenaline. Both effects
were enhanced after MAO blockade by pargyline [2].
Lastly, the 5-HT-induced release in noradrenaline re-
sulted in an increase in CAMP in atria following f-
adrenoceptor stimulation [3]. Thus these findings as a
whole demonstrate the tyramine-like mechanism of ac-
tion of 5-HT in rat isolated atria.

This observation led us to go on with the comparison
between the effects of tyramine and 5-HT. Their mecha-
nism of action was studied using two f-blocking drugs,
atenolol and nadolol, which are devoid of sympath-
omimetic activity and stabilizing membrane activity.
They differ because atenolol is a selective f,-adrenergic
blocking drug, while nadolol is a nonselective f,f,-
blocker. We measured their antagonistic activity against
the chronotropic effect of tyramine and 5-HT and the
5-HT-induced increase in cAMP production.

Materials and methods

Rat isolated atria. Male Sprague-Dawley rats (Charles

* Corresponding author.

River, France), weighing 250-350 g, were killed by a
blow on the head and exsanguinated.

Both atria were rapidly dissected out and set up in an
organ bath which contained 4 ml of Krebs-Henseleit
solution (KHS) with the following composition (mmol/
1): NaCl 118, KCI 4.7, CacCl, 2.5, MgSO, 0.45, NaHCO;,
25, KH,PO, 1, glucose 11.1, Na,-EDTA 0.07, ascorbic
acid 0.07 and atropine sulphate 0.7 umol/I. The organ
bath was kept at 37° and was constantly gassed with 5%
CO, in O,. A pause of 30 min preceded any experiment
to allow atria to equilibrate under a tension of 1 g.
The isometric contractions of atria were recorded via a
force transducer (Celaster) coupled with an ink recorder
(Linseis L6012). Atrial rate was measured every min
over a 10 min period in the absence or in the presence
of different drugs.

CAMP assay. In the 5-HT groups, 5-HT (5, 10, 20 or 50
uM) was added to the organ bath fluid for a 5 min
incubation.

Atenolol (1 pM) or nadolol (1 pM) was added for 15
min in the control groups, while 5-HT (10, 20 or 50 pM)
was added 10 min after the f-blocking drug for a 5 min
incubation in the treated groups. In all experiments,
atria were immediately dipped into liquid nitrogen at
the end of the incubation period, and stored frozen
at —80°C. Before the assay the atria, still frozen,
were weighed, mixed with 1 ml of perchloric acid 1.1 N
and then ground (4°C, 30 s) and centrifuged (4000g,
4°C, 10 min). 500 ul of the supernatant were neutralized
using a solution of potassium hydroxide 1 N and cen-
trifuged again (4000g, 4°C, 10 min) to remove the
potassium perchlorate precipitate. The supernatant
was collected, appropriately diluted and assayed for
cAMP using a radioimmunoassay kit (Immunotech,
France).
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Figure 1. Time-course of the effect of tyramine (Tyr) (0.15 and
0.25 uM) and 5-HT (5 and 50 uM) on the rat atrial rate. Results
are per cent of initial values. *p < 0.05, **p < 0.01, ***p < 0.001
compared to control.

Chemicals. 5-hydroxytryptamine creatinine
(Sigma), atenolol (1.C.1.), nadolol (Squibb).
Statistical analysis. Results are expressed as mean val-
ues + SEM. Statistical significance was determined by
Student’s t-test for unpaired and paired data.

sulphate

Results

Effects of g-blocking drugs on the chronotropic effect of
tyramine and 5-HT. The basal atrial rate of contraction,
when measured every min for 10 min in the absence of
any drug, did not show any significant variation. The
positive chronotropic effect of 0.15 uM and 0.25 uM
tyramine was measured in the same way. The maximum
increase appeared 3 min after tyramine addition and it
reached 17% and 28% respectively (n=6, p <0.01),
then the effect lessened. Likewise, the effect of 5-HT on
the same preparation reached a plateau 5 min after
5-HT addition. The mean values of the maximum in-
creases were 15% and 25% after 5 uM and 50 pM
respectively (n =6, p <0.001) (fig. 1).
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Figure 2. Effect of atenolol (A, 0.5 uM) and nadolol (N, 0.5 uM)
on the maximal chronotropic effect of tyramine (Tyr, 0.15 pM)
(upper panel) and of atenolol (A, 1 uM) and nadolol (N, 1 uM)
on the maximal chronotropic effect of 5-HT (50 pM) (lower
panel). *p < 0.05, **p < 0.01, ***p < 0.001 compared to the corre-
sponding control without amine.

Atenolol (0.5 uM and 1 uM) or nadolol (0.5 pM and 1
uM) did not change basal atrial rate during the 5 min
following their application.

Tyramine (0.15 uM) added 5 min after either f-block-
ing drug (0.5 uM, n = 6) exhibited no more tachycardic
effect, and even a weak decrease in atrial rate was
observed. By contrast, the chronotropic effect of 5-HT
(50 uM) was reduced by about 55% after atenolol (1
uM) application and by 86% after nadolol (1 pM,
n = 6) (fig. 2).

Effects of p-blocking drugs on the 5-HT-stimulated
cAMP production. A 5 min period of incubation with
5-HT stimulated the cAMP production. The cAMP
content increased by 71% with 5-HT 5 uM (n=>5,
P < 0.001), by 93% with 5-HT 10 uM (n =6, p < 0.001),
by 71% with 5-HT 20 uM (n =6, p < 0.001) and by 35%
with 5-HT 50 uM (n = 8, p < 0.05). Atenolol (1 uM) and
nadolol (1 uM) did not modify the resting content of
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Figure 3. Effect of atenolol and nadolol on the 5-HT-stimulated
cAMP production. In the C groups, KHS or atenolol (1 pM) or
nadolol (1 pM) were added to the bathing fluid for 15 min. In the
other groups , 5-HT (10, 20 or 50 uM) was added for 5 min after
KHS, atenolol or nadolol. *p < 0.05, ***p < 0.001 compared to
the corresponding 5-HT value.

cAMP (0.72 +0.03 nmol/g and 0.75 + 0.04 nmol/g, re-
spectively, no significant difference compared with the
control group values, n=7).

When atria were preincubated with atenolol (1 pM), the
5-HT (10, 20 or 50 uM)-induced increase in cAMP
production was unchanged (n=7). After nadolol (1
uM), 5-HT (10, 20 or 50 uM, n=7) failed to increase
the cAMP production (fig. 3).

Discussion

We have shown that 5-HT, like tyramine, induced a
positive chronotropic effect in rat isolated atria. Much
larger concentrations of 5-HT than of tyramine are
needed and the 5-HT effect appears more slowly than
tyramine’s. The releasing action of tyramine on cate-
cholamines was first reported many years ago [4]. An
increase in contractility and in cAMP content in the rat
isolated heart which results from this releasing action
was also described [5]. The tyramine-like effect of 5-HT
in the pithed rat was first suggested by Gothert et al. [6];
Docherty [7] then described it after high dose adminis-
tration. Our studies in rat isolated atria have shown
that 5-HT is taken up in the noradrenaline storage of
this preparation [1], that high concentrations can release
noradrenaline by a tyramine-like mechanism [2], and in
this way can increase CAMP production [3].

However, after f-blockade, a difference appears between
the two amines: while the effect of tyramine was abol-
ished by a f;-blocking drug, atenolol, and by a f,f,-
blocking drug, nadolol, the chronotropic effect of 5-HT,
suppressed by nadolol, was only reduced by atenolol.
The observation that the 5-HT-induced increase in
cAMP content of the atria was suppressed only by
nadolol and not by atenolol supports this result. These
two f-blocking drugs were chosen because they lack
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membrane stabilizing properties and partial agonist ac-
tivity. Thus, 5-HT increases atrial rate and cAMP pro-
duction by a mechanism different from f,-adrenoceptor
activation. The 5-HT chronotropic activity could result,
beyond its tyramine-like effect, from an activation of
postsynaptic receptors. However, among 5-HT recep-
tors, only 5-HT,, 5-HT, and 5-HT; are able to stimulate
cAMP production, but they have never been detected in
the heart of rats [8]. f,-adrenoceptors are also linked to
adenylate cyclase activation, and in this study cate-
cholamines released by 5-HT seem to bind preferentially
to f5,-adrenoceptors. This could be the consequence of
the fixation of 5-HT to f;-adrenoceptors. A fixation of
5-HT on f-adrenoceptors inducing blockade in a com-
petitive manner has been shown by Fujita et al. [9]. The
binding affinity of 5-HT at f-adrenoceptors is about 200
times lower than that of noradrenaline. However, taking
into account the high concentration of 5-HT we used (50
uM), which is within the range used in Fujita’s experi-
ments, this binding can occur.

The relative density of f,- and f,-adrenoceptors in the
rat heart has been investigated by some authors [10-
13]. The f,/f,-adrenoceptor ratio reaches about 20% in
the adult rat [14] and proportion of f, would be higher
in atria than in ventricles [11, 12, 15] so that their effect
on the chronotropic properties of the heart would be
significant and greater than on its inotropism.

Our results suggest that in rat isolated atria, a high
concentration of 5-HT can bind to f,-adrenoceptors
and inhibit their activation by noradrenaline. This leads
to the preferential fixation on f,-adrenoceptors of the
noradrenaline released by a tyramine-like mechanism.
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