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5-Hydroxytryptamine-induced tachycardia in the pig:
possible involvement of a new type of
5-hydroxytryptamine receptor
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1 The mechanism of 5-hydroxytryptamine (5-HT)-induced tachycardia is species-dependent and is
mediated directly or indirectly either by '5-HT1-like' (cat), 5-HT2 (rat, dog) or 5-HT3 (rabbit) recep-

tors, or by an action similar to tyramine (guinea-pig). The present investigation is devoted to the
analysis of the positive chronotropic effect of 5-HT in the pentobarbitone-anaesthetized pig.
2 Intravenous bolus injections of 5-HT (3, 10 and 30pgkg-1) in pigs resulted in dose-dependent
increases in heart rate of 24 + 2, 38 + 3 and 51 + 3beatsmin-1, respectively (n = 39). Topical
application of a high concentration of 5-HT (150pgkg-' in 5ml) on the right atrium was also
followed by tachycardia (38 + 6 beats min- 1, n = 4).
3 A number of drugs which antagonize responses mediated by different 5-HT receptors - phe-
noxybenzamine, methiothepin, metergoline, methysergide and mesulergine ('5-HT -like' and 5-HT2
receptors), ketanserin, cyproheptadine, pizotifen and mianserin (5-HT2 receptors), and MDL 72222
and ICS 205-930 (5-HT3 receptors) - did not attenuate the chronotropic responses to 5-HT.
4 The 5-HT-induced tachycardia was also not affected by antagonists at a- and f-adrenoceptors,
muscarinic, nicotinic, histamine and dopamine receptors, and calcium channels.
5 Selective inhibitors of 5-HT-uptake, indalpine and fluvoxamine, themselves increased porcine
heart rate and facilitated 5-HT-induced tachycardia both in magnitude and in duration.
6 A number of putative selective agonists at '5-HT1-like' receptors or their possible subtypes (5-
carboxamidotryptamine (5-CT), 8-hydroxy-24di-N,N-n-propylamino) tetralin (8-OH-DPAT), BEA
1654 and RU 24969), or at 5-HT3 receptors (2-methyl-5-HT), elicited no or only a weak tachy-
cardiac response in the pig. RU 24969, but not 8-OH-DPAT, seemed to potentiate the responses to
5-HT, whereas 5-CT slightly inhibited these responses.

7 It was concluded that the tachycardia induced by 5-HT in the pig does not involve the receptors
for some common neurotransmitter substances but may be mediated by a new 5-HT receptor type
that is clearly different from '5-HT1-like', 5-HT2 or 5-HT3 receptors.

Introduction

Intravenous bolus injections of 5-hydroxytryptamine
(5-HT) result in a transient decrease in heart rate
(Page, 1958) due to a chemoreceptor reflex (von
Bezold-Jarisch reflex) initiated by the stimulation of
receptors on sensory vagal afferent fibres (Paintal,
1973). In the rat (Fozard, 1984; Richardson et al.,
1985) and the cat (Saxena et al., 1985a) the brady-
cardiac effect has been shown to be mediated by
5-HT3 receptors (for nomenclature of 5-HT recep-
tors, see Bradley et al., 1986; Saxena et al., 1986b).

Author for correspondence.

5-HT can also increase heart rate in a variety of
non-mammalian and mammalian species, including
man (Page, 1958; Hollander et al., 1957; LeMessu-
rier et al., 1959). The tachycardiac action of 5-HT
has been analysed in some species and it involves
several different mechanisms (Trendelenburg, 1960;
Saxena, 1986). In the cat 5-HT-induced tachycardia
is mediated by myocardial '5-HT1-like' receptors
(Saxena et al., 1985a; Connor et al., 1986), and in the
rat (Saxena & Lawang, 1985; Gothert et al., 1986)
and the dog (Feniuk et al., 1981) 5-HT2 receptors,
present on the myocardium and adrenal medulla,
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respectively, seem to be involved. The third 5-HT
receptor type characterized so far (5-HT3 receptor),
located on the postganglionic cardiac sympathetic
fibres, mediates the effects of 5-HT in the rabbit
(Fozard, 1984) while, in the guinea-pig, tachycardia
has been attributed to P-adrenoceptors (Eglen et al.,
1985), probably activated by catecholamines released
via a tyramine-like action (De Boer et al., 1986;
Dhasmana et al., 1988). High concentrations of 5-HT
can also cause tachycardia by such a mechanism in
the rat (Gothert et al., 1986) and in the hamster
(Gonzalez Alvarez & Garcia Rodriguez, 1977).

In the present experiments the increase in heart
rate caused by 5-HT in the pig has been investigated
and the results reveal the involvement of a mecha-
nism which is different from those proposed so far
(see above). Preliminary results of this investigation
were communicated to the British Pharmacology
Society (Duncker et al., 1985).

Methods

General

After an overnight fast, 42 young Yorkshire pigs (25-
30 kg, 12-16 weeks old) were initially sedated with
120mg (i.m.) azaperone and 120-150mg (i.v.) meto-
midate. After the animals had been intubated, they
were connected to a respirator for intermittent posi-
tive pressure ventilation with a mixture (1: 2) of
oxygen and nitrous oxide. The anaesthesia was
maintained with a continuous infusion of pentobar-
bitone sodium (15-20mgkg-1 h-1, i.v.). Aortic
blood pressure was recorded with a Statham pres-
sure transducer via a cannula inserted into the left
femoral artery. All drugs were injected into the left
femoral or jugular vein cannulated for this purpose.
The animal's temperature was maintained around
37°C by using an electric blanket and arterial blood
gasses and pH were kept within the normal limits
(Po2 > 90mmHg; Pco2 30-40mmHg; pH 7.35-7.45)
by adjusting respiratory rate and tidal volume or by
infusing 4.2% sodium bicarbonate solution.

Experimental protocol

After the animals had been in a stable haemo-
dynamic condition for at least 30min, bolus injec-
tions of 5-HT (3, 10 and 30pgkg-', i.v.) were given
at intervals of 10-15min. Subsequently, one of the
several antagonist drugs (for names, doses and
number of experiments, see the Drug and Results
sections), used to analyse the positive chronotropic
effects of 5-HT, was slowly administered over two
minutes. About 10min later, the responses to the
three doses of 5-HT were elicited again. In initial

experiments it was noticed that several drugs, in
doses sufficient for the purpose for which they were
employed, did not modify the effects of 5-HT. There-
fore, in order to restrict the number of animals to be
used for this investigation, it was decided to use
more than one such drug, rather than several doses
of a particular drug, in any single experiment. The
order of their use was varied and a total of 30
animals was used for the above purpose. Further-
more, in 3 animals the reproducibility of the 5-HT-
induced tachycardia was checked after a period of
2 h.

In 13 animals (12 new and 1 from the above
group) the effect of some drugs thought to be selec-
tive agonists at different 5-HT receptors was studied.
Lastly, after the above experiments had been com-
pleted, on 4 occasions 5-HT was administered locally
on the surface of the right atrium.

Data presentation and analysis

All data in the text and tables, unless otherwise
stated, are presented as mean + s.e. mean. The peak
change in heart rate by the different doses of 5-HT
(and other putative 5-HT receptor agonists) were
recorded. The mean + s.e. mean increases in heart
rate by the three doses of 5-HT just before and after
a particular antagonist drug were compared by use
of Duncan's new multiple range test, once an
analysis of variance (randomized block design)
revealed that the samples represented different popu-
lations (Saxena, 1985). A P value of 0.05 or less (two-
tailed) was considered statistically significant.

Drugs

The following drugs used in this study were kindly
supplied by the sources mentioned: atropine sul-
phate (Pharmacy Department, Erasmus University
Rotterdam, Rotterdam, The Netherlands), 5-
carboxamidotryptamine maleate (5-CT; Dr W.
Feniuk, Glaxo, Ware, U.K.), cimetidine hydro-
chloride (Smith Kline & French, Welwyn Garden
City, U.K.), cyproheptadine hydrochloride (Merck,
Sharpe and Dohme, Haarlem, The Netherlands), flu-
voxamine maleate (Dr W. Wouters, Duphar, Weesp,
The Netherlands), haloperidol base (Janssen Phar-
maceutica, Beerse, Belgium), histamine phosphate
(Pharmacy Department, Erasmus University Rot-
terdam, Rotterdam, The Netherlands), 8-hydroxy-2-
(di-N,N-n-propylamino)tetralin (8-OH-DPAT; Dr
J.R. Fozard, Merrell Dow Research Institute, Stras-
bourg, France), indalpine base (Dr A. Uzan, Phar-
muka Laboratories, Gennevilliers, France),
isoprenaline sulphate (Pharmacy Department,
Erasmus University Rotterdam, Rotterdam, The
Netherlands), ketanserin tartrate (Dr J.M. Van
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Neuten, Janssen Pharmaceutica, Beerse, Belgium),
mepyramine maleate (Rhone-Poulenc, Paris,
France), noradrenaline bitartrate (Pharmacy Depart-
ment, Erasmus University Rotterdam, Rotterdam,
The Netherlands), mesulergine hydrochloride (Dr G.
Engel, Sandoz, Basle, Switzerland), metergoline base
(Farmatalia Carlo Erba, Torino, Italy), methiothepin
methane-sulphonate (Hoffman La Roche, Mijdrecht,
The Netherlands), 5-methoxy-3{1,2,3,6-tetrahydro-4-
pyridinyl-lH-indole succinate (RU 24969; Roussel
Laboratories, Hoevelaken, The Netherlands), 2-
methyl-5-hydroxytryptamine maleate (2-methyl-5-
HT; Dr W. Feniuk, Glaxo, Ware, U.K.),
methysergide hydrogen maleate (Sandoz, Basle,
Switzerland), mianserin hydrochloride (Organon,
Oss, The Netherlands), pizotifen maleate (Sandoz,
Basle, Switzerland), phentolamine hydrochloride
(Ciba-Geigy, Basle, Switzerland), phenoxybenzamine
hydrochloride (dibenzyline; Smith Kline & French,
Philadelphia, U.S.A.), propranolol hydrochloride
(Imperial Chemical Industries, Rotterdam, The
Netherlands), laH,3a,5aH-tropan-3yl-3,5-dichloro-
benzoate (MDL 72222; Dr J.R. Fozard, Merrell
Dow Research Institute, Strasbourg, France), (3a-
tropanyl)-lH-indole-3-carboxylic acid ester (ICS
205-930; Dr G. Engel, Ludwigshafen, F.R.G.). Other
drugs were purchased: 1,1-dimethyl-4-phenyl-
piperazinium iodide (DMPP; Sigma, St. Louis,
U.S.A.), 5-hydroxytryptamine creatinine sulphate
(5-HT; Merck, Darmstadt, F.R.G.) and hexa-
methonium bromide (Fluka, Buchs, Switzerland).
The doses mentioned in the text refer to the salts of
substances except in the case of 5-HT and 5-CT,
where they refer to the base. All drugs were dissolved
in saline before injection; fresh solutions were pre-
pared for each experiment.

Results

Effects of5-HT

Intravenous bolus injections of 5-HT (3, 10 and
30 pgkg-1) were given in a total of 39 pigs where the
baseline values of heart rate and mean arterial blood
pressure were, respectively, 90 + 3 beats min and
78 + 2 mmHg. None of the three doses of 5-HT pro-
duced consistent changes in arterial pressure and,
therefore, they were not quantified further. Brady-
cardia due to the Bezold-Jarisch reflex, as is usual in
several species, was also absent, probably due to the
level of anaesthesia. These doses of 5-HT, however,
induced dose-dependent increases in heart rate of
24 + 2, 38 + 2 and 51 + 3 beatsmin-', respectively
(n = 39). In 3 animals the reproducibility of the
tachycardiac effects of 5-HT was tested; the increase
in heart rate by the three doses of 5-HT were, respec-

tively, 29 + 2, 45 + 2 and 65 + 4 beats min 1 and
after an interval of 2h: 27 + 3, 38 ± 2 and 59 + 2
beats minm -.

Topical application of a high concentration of
5-HT (150pgkg-' in 5ml) on the right atrium was
followed by an increase in heart rate of 38 + 6
beats min-1 from a basal value of 91 + 5 beats
min 1 in 4 pigs.

Tachycardiac effects ofS-HT after some antagonist
drugs

To study the involvement of the three types of 5-HT
receptors the effects of non-selective ('5-HT1-like'
and 5-HT2: phenoxybenzamine, methiothepin,
metergoline, methysergide and mesulergine) and sel-
ective (5-HT2: ketanserin, cyproheptadine, pizotifen
and mianserin; 5-HT3: MDL 72222 and ICS 205-
930) 5-HT receptor antagonists were studied. None
of these drugs (except MDL 72222 against the lowest
dose of 5-HT) reduced the magnitude of tachycardia
induced by 5-HT. One such experiment involving
MDL 72222, cyproheptadine and methysergide is
shown in Figure 1, while the summary of all the data
is presented in Table 1. It may be noted that, instead
of an antagonism, phenoxybenzamine (highest dose
of 5-HT) and cyproheptadine seemed to facilitate the
chronotropic effects of 5-HT.

Since none of the above 5-HT antagonists was
capable of reducing the 5-HT-induced tachycardia, a
number of other commonly used antagonist drugs
were investigated. Table 2 shows that the antagonists
at adrenoceptors, cholinoceptors, histamine and
dopamine receptors and at voltage-dependent
calcium channels did not modify the responses to the
three doses (3, 10 and 30 yg kg 1) of 5-HT. The effec-
tiveness of phentolamine, propanolol, hexa-
methonium and mepyramine was confirmed by
blockade of, respectively, the noradrenaline
(1 yg kg-')-induced pressor effect, and isoprenaline
(0.1pgkg-1)-, DMPP (20pgkg-1) and histamine
(3pgkg-1)induced tachycardia; the responses
before and after the antagonists involved were
respectively: noradrenaline, 36 + 7 and
18 + 4mmHg (n = 4); isoprenaline: 48 + 2 and
1 + 1 beatsmin-1 (n = 3); DMPP, 54 + 17 and
3 + 2 beats min 1 (n = 4) and histamine, 15 + 7 and
1 + 1 beats min'- (n = 4). The hypotensive response
to histamine was also antagonized by mepyramine
(-18 + 2mmHg before and -2 +OmmHg after
mepyramine). Cimetidine did not antagonize the
tachycardia caused by histamine indicating that, as
in the cat (Owen, 1977), the histamine-induced tachy-
cardia in the pig is mediated by histamine H1 recep-
tors, probably on the adrenal medulla. The
hypertensive response to noradrenaline remaining
after phentolamine was apparently due to an
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Figure 1 The effects of 5-hydroxytryptamine (5-HT; 3, 10 and 30.ugkg-1) on heart rate in an anaesthetized pig
before (a) and after successive administration of MDL 72222 (0.3 mgkg 1) (b), cyproheptadine (0.5 mgkg- 1) (c) and
methysergide (0.5 mg kg- 1) (d). Note that 5-HT caused a dose-dependent tachycardia which was not antagonized by
these drugs.

Table 1 Effects of antagonists at different 5-hydroxytryptamine (5-HT) receptors on the 5-HT-induced increases in
heart rate (beats min - 1) in the pig

Antagonist
Phenoxybenzamine
Methiothepin
Metergoline
Methysergide
Mesulergine
Ketanserin
Cyproheptadine
Pizotifen
Mianserin
MDL 72222
ICS 205-930

5-HT 5-HT 5-HT
Dose 3pgkg1 10,ugkg-1 30ugkg-1

(mg kg 1) n Before After Before After Before After
1.0 3 38+13 44+10 46±10 55±12 44±11 60±10*
0.5 6 22+3 21+4 40+5 39+4 53±5 53±3
0.5 5 29±2 22±3 49±3 46±6 63±4 63±6
0.5 6 26+3 28±3 50±4 49±3 63±5 63±3
0.3 3 25+1 26+1 40±2 45±2 52±4 56±4
0.5 4 20+4 18+4 42+8 41±7 58±7 57±7
0.5 5 17±3 23±3* 40±3 45±4* 54±3 60±4*
0.5 5 29±2 26±2 49±3 45±2 61±5 56±4
0.5 5 24±2 23±2 45±1 44±3 59±3 54+4
0.3 4 28±4 22±5* 45±4 45±5 60±5 58±6
0.3 3 29+2 21+3 43+4 41±2 54±6 56±I

* P < 0.05, after vs before.
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Table 2 Effects of some common antagonists on the 5-hydroxytryptamine (5-HT)-induced increases in heart rate
(beats min 1) in the pig

Antagonist
Phentolamine
Propranolol
Atropine
+ propranolol
Atropine
+ hexamethonium
Cimetidine
Mepyramine
Haloperidol
Verapamil

Dose
(mgkg 1)

1.0
0.5
0.5
0.5
1.0

10.0
1.0
1.0
1.0
0.1'

5-HT
3/.igkg-1

n Before After
5 26±4 24±6
5 24±4 27+4

5-HT
lopgkg-1

Before After
42+4 38±6
43±3 43±4

5-HT
30pgkg-'

Before After
58 + 551 + 12
60+4 60±3

3 37+4 35+4 50+5 51 ± 1 55+6 58±2

4 9+2
4 38+5
4 31±5
3 31+4
3 23+4

10±2
33 + 3
35 ± 3
35 + 2
23 + 2

24± 11
48 + 5
45 ± 7
45 + 5
44+2

37 ± 7
47 + 4
47 ± S
46 ± 3
34 ± 7

32 ± 7
58 + S
55 + 7
51 ± 6
58 ± 2

53 ± 8
56 ± 6
53 ± 5
55 ± 4
45 ± S

aThis dose was followed by an infusion of 0.01 mg kg-1 min -'.

increase in cardiac output, since it was eliminated
after additional administration of propranolol.

Lastly, indalpine and fluvoxamine, which are
known to interfere with the uptake of 5-HT by nerve
terminals and blood platelets (Claasen et al., 1977;
Le Fur & Uzan, 1977; Ashkenazi et al., 1983), were
employed in an attempt to antagonize the tachy-
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cardiac responses to 5-HT. However, after adminis-
tration of these drugs the positive chronotropic
responses to bolus injections of 5-HT were not
reduced, but, on the contrary, these responses were
facilitated both in magnitude and in duration (see
Figure 2 for indalpine and Table 3 for both indal-
pine and fluvoxamine). Furthermore, the two 5-HT-
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Figure 2 The effects of 5-hydroxytryptamine (5-HT; 3, 10 and 30pgkg-1) on heart rate in an anaesthetized pig
before (a) and after (b) administration of indalpine (1 mgkg- 1). It can be seen that heart rate increased after indal-
pine and that this drug potentiated the tachycardiac responses to 5-HT.
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Table 3 Effects of 5-hydroxytryptamine (5-HT)-uptake blockers on the 5-HT-induced increases in heart rate
(beats min - 1) in the pig

5-HT
3upgkg-I

n Before After
3 20+3 48+3*
4 11+2 26+2*

5-HT
10pgkg-1

Before After
30+ 1 58+3*
21 +2 40+8*

5-HT
30pgkg- I

Before After
45±3 54+7*
30+3 48+9*

* P < 0.05, after vs before.

Table 4 Effects of putative agonists of 5-hydroxytryptamine (5-HT) receptors on the 5-HT-induced increases in
heart rate (beats min -1) in the pig

(ml
Dose 3j
gkg-1) n Before
1.0 3 14+3
1.0 3 33+13
0.1 3 27+3

5-HT
ugkg-1

After
39 + 5*
33 + 10
18 + 2*

5-HT
lOpgkg-1

Before After
13+3 41+5*
44+4 47+4
38+2 28+2*

5-HT
30pgkg-1

Before After
24±4 47+8*
57±7 61+12
59+2 43+ 1*

* P < 0.05, after vs before. 8-OH-DPAT = 8-hydroxy-2-(di-N,N-n-propylamino)tetralin and 5-CT = 5-
carboxamidotryptamine.

uptake blockers caused a slowly developing increase
in heart rate; the peak tachycardiac effects following
indalpine and fluvoxamine were 49 + 10 (n = 3) and
10 + 5 (n = 4) beats min 1, respectively.

Effects ofsome putative agonists ofS-HT

The effects of intravenous injections of 5-CT, 8-OH-
DPAT, BEA 1654, RU 24969 and 2-methyl-5-HT on
the heart rate were also studied. Compared to 5-HT,

0

1 3 10 30 100
Dose (pug kg-')

1

300 1000 3000

Figure 3. Heart rate responses to a number of agonists
at 5-hydroxytryptamine (5-HT) receptors: 5-
carboxamidotryptamine (0. n = 4), 2-methyl-5-HT (-,
n = 3), 8-hydroxy-24di-N,N-n-propylamino)tetralin (A,
n = 3), RU-24969 (Ol. n = 4) and BEA 1654 (A, n = 3).
Compared to 5-HT (0, n = 39), these agents elicited
either no or only a slight increase in heart rate. The
values of heart rates before administration of different
doses of agonists varied between 74 + 5 and
96 + 13 beats min - ' and did not differ significantly.

none of these drugs had any profound effect on
porcine heart rate (Figure 3). In experiments with
RU 24969, 8-OH-DPAT and 5-CT the effect of the
highest dose of each compound was also studied on
the heart rate responses to 5-HT. The tachycardia
caused by 3, 10 and 30pgkg-' of 5-HT was poten-
tiated after administration of RU 24696 (1mgkg 1),
remained unchanged after 8-OH-DPAT (1 mgkg-1)
and was slightly inhibited by 5-CT (0.1 mg kg 1) (see
Table 4).

Discussion

Consideration ofknown 5-HT receptors

Until recently 5-HT receptors had been classified on
the basis of antagonism by dibenzyline
(phenoxybenzamine) and morphine as 'D' and 'M'
receptors, respectively (Gaddum & Picarelli, 1957),
or on the basis of high binding affinity for [3H]-5-
HT and [3H]-spiroperidol as 5-HT1 and 5-HT2,
respectively (Peroutka & Snyder, 1979). However,
neither of these classifications, though correct within
themselves, adequately covered the pharmacological
actions of 5-HT. Being aware of this drawback and
prompted by the recent availability of more selective
drug tools, Bradley et al. (1986) subdivided 5-HT
receptors into three distinct groups named as
'5-HT1-like', 5-HT2 and 5-HT3. They advocated
5-CT ('5-HT1-like') and 2-methyl-5-HT (5-HT3) as
selective agonists, and methiothepin and methyser-
gide ('5-HT1-like'), ketanserin and cyproheptadine
(5-HT2), and MDL 72222 and ICS 205-930 (5-HT3)

Antagonist
Indalpine
Fluvoxamine

Dose
(mg kg-')

1.0
1.0

Agonist
RU-24969
8-OH-DPAT
5-CT

60 -

o 40-
0) .

E
cnC

CflU))X 20-
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as antagonists. It is to be noted that while the
antagonists for 5-HT2 and 5-HT3 are selective, the
drugs antagonizing '5-HT1-like' receptors, being
even more effective against the responses mediated
via 5-HT2 receptors, are not. The above agonist-
antagonist criteria are clearly fulfilled with respect to
5-HT-induced tachycardia in the cat (5-CT in doses
of 0.1 to 1pgkg-1 mimics, and methiothepin and
methysergide, but not ketanserin and cypro-
heptadine, antagonize) (Saxena et al., 1985a; Connor
et al., 1986), the rat (5-CT does not mimic and,
ketanserin and cyproheptadine antagonize) (Saxena
& Lawang, 1985) and the rabbit (2-methyl-5-HT
mimics, and MDL 72222 and ICS 205-930
antagonize) (Fozard, 1984; Richardson et al., 1985).
However, in the present investigation in the anaes-
thetized pig, it was noticed that the above drugs
neither mimicked nor antagonized the tachycardiac
responses to 5-HT. Therefore, it can be concluded
that the positive chronotropic effects of this amine in
the pig are not mediated by either the '5-HT1-like',
5-HT2 or 5-HT3 receptors.

Bradley et al. (1986) have pointed out that the
receptor category denoted as '5-HT1-like', being
devoid of a selective antagonist, is not yet fully char-
acterized but that it appears to be heterogeneous.
However, neither the relationship of '5-HT1-like'
receptors with the 5-HT1 binding sub-sites is clear
nor the selectivity of drugs for the subclasses is as yet
entirely satisfactory. Richardson & Engel (1986) have
nevertheless attempted to subclassify '5-HT1-like'
receptors into three subclasses, namely 5-HTIA
(agonists; 8-OH-DPAT and 5-CT; antagonists: spi-
roperidol and methiothepin), 5-HT1l (agonist: 5-CT;
antagonists: 21-009 and methiothepin) and 5-HT1c
(agonist: (+)-S-a-methyl-5-HT; antagonists; mesu-
lergine and methiothepin). Although not all of these
drugs could be used in this investigation, the ineffec-
tiveness of 8-OH-DPAT, 5-CT, mesulergine and
methiothepin does not allow the effect of 5-HT on
the porcine heart to be classified into any of the
above putative, though not yet convincingly charac-
terized, subclasses. The above conclusion is further
supported by the finding that some more drugs
which have affinities for 5-HT binding sites - phe-
noxybenzamine and metergoline (5-HT, and 5-HT2;
Peroutka & Snyder, 1979; Leysen et al., 1981), pizo-
tifen (5-HT2; Leysen et al., 1981; Hoyer et al., 1985),
BEA 1654 (5-HTlA; Verdouw et al., 1985; Middle-
miss, unpublished), RU 24969 (5-HTlA and 5-HTIB;
Hoyer et al., 1985) and mianserin (5-HT2 and
5-HT1c; Hoyer et al., 1985) - were all ineffective in
our experiments.

Lastly, it has to be remarked that the doses of the
compounds used were equal to or greater than those
found effective in our earlier experiments concerning
analyses of functional 5-HT receptors (see Saxena &

Verdouw, 1982; 1984; 1985; Saxena et al., 1985ab;
1986a; Saxena & Lawang, 1985; Verdouw et al.,
1984; 1985). These doses also appear to be sufficient
on the basis of their estimated affinity constants (see
Hoyer et al., 1985; Richardson & Engel, 1986).

Consideration ofnon-S-HT mechanisms

Since the chronotropic response to 5-HT could not
be classified into any of the above categories, some
common non-5-HT mechanisms were considered.
The involvement of baroreceptors was ruled out by
the fact that the changes in blood pressure were
inconsistent and that instillation of 5-HT, though
admittedly in a high concentration, on the right
atrium also raised heart rate. Moreover, tachy-
cardiac responses of similar magnitude were
obtained in animals after complete ganglion
(hexamethonium + atropine) or sympathetic and
parasympathetic (propranolol + atropine) blockade.
The use of atropine, hexamethonium, phentolamine
and propranolol also precluded the involvement of
the muscarinic and nicotinic receptors, a- and f,-
adrenoceptors and the release of catecholamines (by
a tyramine-like action) in the mechanism of tachy-
cardia produced by 5-HT in the pig.

Similarly, the increase in heart rate by 5-HT in the
pig was not mediated by histamine H1 and H2 or
dopamine receptors because the respective antago-
nists - mepyramine, cimetidine and haloperidol -
were also incapable of modifying the responses to
5-HT.

Does a new type of5-HT receptor mediate
5-HT-induced tachycardia in the pig?

The inability to find a specific mechanism
responsible for the positive chronotropic action can
suggest that 5-HT may be taken up into some
neurone to displace a neurotransmitter agent (other
than those mentioned above: noradrenaline, acetyl-
choline, histamine and dopamine). If an unidentified
neurotransmitter is indeed displaced and released by
5-HT, this would involve an uptake process that is
distinct from the one selectively inhibited (in the
brain and blood platelets) by indalpine (Le Fur &
Uzan, 1977; Ashkenazi et al., 1983) and fluvoxamine
(Claasen et al., 1977) since these drugs increased (not
reduced) the magnitude and duration of 5-HT-
induced tachycardia. Though such a possibility
cannot be entirely dismissed, it is perhaps more
likely that the tachycardia elicited by 5-HT is medi-
ated by a receptor type which is different from those
characterized so far, i.e. '5-HT1-like', 5-HT2 or
5-HT3 receptors (Bradley et al., 1986; Saxena et al.,
1986b). This 5-HT receptor, apparently not much
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dependent on extracellular calcium as indicated by
the ineffectiveness of verapamil, may resemble the
one that mediates either the positive inotropic effect
of 5-HT in the kitten isolated papillary muscle
(Kaumann, 1985; 1986) or the slow depolarization of
myenteric type II/AH neurones in the guinea-pig
small intestine (Mawe et al., 1986). In the kitten iso-
lated papillary muscle the responses to 5-HT, unlike
that in the kitten isolated atria (Kaumann, 1985;
1986) or the cat heart in vivo (Saxena et al., 1985a;
Connor et al., 1986), are neither mimicked by 5-CT
nor antagonized by methysergide or phenoxybenza-
mine. Similarly, the above 5-HT receptor in the gut
is insensitive to ICS 205-930 or lysergide, but is
antagonized by dipeptides of 5-hydroxytryptophan
and excited by hydroxylated indalpines (Mawe et al.,

1986). It is interesting to note that indalpine, which
may be hydroxylated in vivo to stimulate the type of
receptor being described by Mawe et al. (1986),
caused tachycardia in our experiments. Alternatively,
however, indalpine and fluvoxamine may be increas-
ing the concentration of 5-HT at the receptor medi-
ating the tachycardiac response to 5-HT, by
blocking the uptake mechanism in the blood platel-
ets or at some 5-HT neurones, possibly in the pig
heart.

Lastly, it is still plausible that the stimulation of
this new 5-HT receptor may lead to a release of a
neurotransmitter substance. One such candidate can
be calcitonin gene-related peptide which has recently
been suggested as functioning as a neurotransmitter
in the guinea-pig right atrium (Saito et al., 1986).
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