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blance with prazosin (4). In fact, when =-adrenoceptors only are

considered, ketanserin, like prazosin, is a selective antagonist

of the Ql-adrenoceptor subtype (5,6). By using a series of 12 ant-
agonists, largely varying in their potency to inhibit =_- and/or
serotonin induced vasoconstriction, attempts were made in the

present paper to answer the question whether serotonin antagonism
can be held responsible for a hypotensive effect or simply the sL-

-adrenoceptor blocking activity.

Materials and Methods

H_potensive effect in pent0barbitone-anaesthetized rats: Male,
normotensive Wistar rats of 200-250 g were used. Anaesthesia was

induced by an intraperitoneal injection of pentobarbitone-sodium
in a dose of 75 mg/kg of body weight. The trachea was cannulated

and artificial respiration with room air was initiated. The right

jugular vein and ipsilateral common carotid artery were cannulated
for drug administration and blood pressure monitoring, respective-

ly. Arterial blood pressure and pulse rate were established by
means of a Hellige HE-19 device via a Statham P23 Db pressure
transducer. At least three different doses of the antagonists were

used to calculate the dose that caused 30% reduction in diastolic

pressure (EC, 0 , in mol/kg). Each dose of the antagonist was admin-
istered in a volume of 1 ml/kg to at least six different animals.

Only those animals with a diastolic pressure within the range 100-
-130 mm Hg were included in the study.

Affinity for (central) aL-adrenoceptors: Cerebral membranes ob-
tained from male normotensive Wistar rats (200-250 g) were prepared
as described in (7) and (8). In short, the animals were decapit-

ated and their brains (minus cerebella) were homogenized in 20%

w/v of ice-cold Tris/HCl buffer (pH = 7.7). After work-up as usual

the suspension was adjusted to contain a protein concentration of

1 mg/ml. Aliquots of 500 _i were incubated at 25°C for about 60

min with _*H_prazosin (specific activity 33 Ci/mmol: 0.2 nM) and
various concentrations of non-radioactive competitors in a total

volume of 1 ml. The specific binding of {*H_prazosin was defined
as the excess over blanks containing 2 _M phentolamine. Incubations

were terminated by rapid vacuum filtration through Whatman GF/B
filters. Filters were washed by three 5-ml portions of ice-cold

Tris/HCl buffer, left to solubilize in i0 ml Hydrocount for 24 h
and counted for radioactivity at 35-40% efficiency. Log probit

analysis was applied to linearize the displacement plots obtained
and to calculate the ICs,-values.

Affinity for 5-HT_-receptors in rat brain tissue: Selective label-
ing of 5-H_ -receptors was performed using the method of Peroutka
and Snyder (9). In brief, after decapitation of the rats, brains

were rapidly removed and frontal cortices were dissected on ice.
The tissue was homogenized in ice-cold Tris/HCl buffer (pH = 7.7)

and worked up as usual. Incubation tubes contained 0.2 ml {' H_-
mianserin (10''M), 0.5 ml tissue suspension (2 mg protein/ml), 0.i

ml 3 x 10-'M triprolidine and 0.2 ml of the various antagonistic

drugs, respectively. After incubation at 25°C for approximately 45

min, labeled membranes were collected by rapid vacuum filtration

through Whatman GF/B filters and subsequently washed with three 4
ml rinses of ice-cold Tris/HCl buffer. The filters were transfered

to glass counting vials and left to solubilize in 10 ml of Hydro-
count for 24 h at room temperature and finally counted at an effi-



Vol. 32, No. 13, 19_3 Xypotensive Activity of Berotonln Antagonists 1501

ciency of 35-40%. Specific binding of ('H) mianserin was defined as

the excess over blanks containing 1 ,M of cyproheptadine.

Drugs used: The following substances were used (sources in paren-
theses): prazosin HCI and its analogue UK 33,274 (Pfizer): WB 4101

(Ward Blenkinsop); phentolamine HCI (Ciba): ketanserin (Janssen

Pharmaceutica); metergoline (Pharmitalia); cyproheptadine HCf

(M.S.D.); cinanserin HCI (Squibb); methysergide maleate (Sandoz);

(+)-mianserin and (-)-mianserin (Organon); metitepine maleate

(Hoffmann-La Roche): _ H)mianserin and (' H)prazosin (New England
Nuclear): Hydrocount (Baker) and pentobarbitone-sodium (Merck).

WB 4101, phentolamine and metitepine were dissolved in saline:
prazosin and UK 33,274 in 10% w/v glucose solution: ke£anseri_ and

the mianserin isomers in 0.02 M tartaric acid solution; metergoline,
cyproheptadine, cinanserin and methysergide in a mixture of 3 parts

96% ethylalcohol and 7 parts of 10% w/v glucose solution.

Statistical evaluation: Plots of log dose antagonist (mol/kg) ver-
sus percentage decrease in diastolic pressure were considered lin-

ear. EC, 0-values were calculated by linear regression analysis and
expressed as mol/kg. The slopes of these plots were used to explore

parallelism (I0). Regression analysis was applied to judge the re-
lationship between receptor affinity and hypotensive activity.

Results

Following the intravenous injection into anaesthetized nor-
motensive rats, all of the antagonists decreased diastolic pressure

in a dose dependent manner (fig. I). Where ethanol was used to
dissolve the antagonistic drug, the hypotensive activity of the

solvent itself could always clearly be distinguished from the
(longer lasting) effect of the hypotensive drug. The other

solvents were inactive. The slopes of the log dose/hypotensive ef-

- log dose (rnol/kg)
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FIG. 1

Dose-dependent decrease in diastolic pressure of pento-
barbitone-anaesthetized normotensive rats, brought about

by 12 serotonin antagonists, largely varying in potency.
Numbers refer to the compounds listed in table i.
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fect plots did not differ significantly (p > 0.05). Doses (mol/kg)
that caused a 30% reduction in diastolic pressure, expressed as

pEC, 0 , are listed in table i.

TABLE 1

Hypotensive Activities (pEC, 0 ; EC30 in mol/kg) Follow-

ing Intravenous Injections into Anaesthetized Normo-
tensive Rats and Affinities for C'H_Prazosin-labeled

=l-, -log IC, 0 _L , and [' H_Mianserin-identified 5-H_-

-receptors, -log IC, 0 5-H_ , in Rat Cerebral Membranes.
The Values Listed have been Employed to Derive the

Equations 1 and 2.

No. Drug pECk0 -log ICs0el -log IC, 0 5_HT 2

I. Methysergide 4.85 5.23 8.49
2. Cyproheptadine 5.83 6.61 8.43
3. Phentolamine 5.98 7.41 6.62

4. Ketanserin 5.55 7.16 8.32

5 Metergoline 5.63 6.61 8.39
6 Metitepine 6.87 8.86 7.89
7 Cinanserin 4.86 5.20 8.49

8 (+)-Mianserin 5.71 6.58 8.43
9 (-)-Mianserin 5.00 5.65 7.46

10 Prazosin 7.78 9.25 3.80

Ii UK 33,274 6.96 8.06 4.42
12. WB 4101 6.94 8.15 5.90

The ability of the antagonists to displace the selective binding

of [3H_mianserin and [3H) prazosin were expressed as-log IC, 0. The
values are listed in table i.

The following equations were derived:

pEC, 0 = 0.68 (-log IC, 0sl ) + 1.21 (i)
n = 12 r = 0.963 s = 0.267 F = 128

O

pEC,, = 0.46 (-log IC, 05_HT * ) + 9.28 (2)
n = 12 r = -0.808 s = 0.584 F = 19

Equation (i) reveals a close correlation between hypotensive ac-
tivity and _L-adrenoceptor affinity. Equation (2) possessing less
statistical meaning than equation (i) shows that the depressor

potency is negatively correlated with 5-HT 2 receptor affinity.

Discussion

Numerous reports describe an amplifying effect of serotonin
(5-hydroxytryptamine; 5-HT) on vasoconstrictor responses to nor-

adrenaline. This potentiating effect seems a general phenomenon,
since it is observed in isolated vessels of various species, in-

cluding man (1,11-15), as well as under in vivo circumstances in

the dog (16,17). The transport of serotonin with circulating blood

occurs by the thrombocytes. Subthreshold concentrations of serotonin

amplify the platelet-aggregating activity of noradrenaline in human

platelet-rich plasma (2). Thrombocytes release their serotonin
content when they aggregate.

It is suggested that serotonin by its own vasoconstrictor response
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and by the amplification of the effect of noradrenaline (and pos-
sibly other vasoactive compounds) might play a part in blood

pressure regulation or might even be involved in the pathogenesis
of essential hypertension (3,4). According to this view serotonin

antagonists should be considered potential antihypertensive drugs
(especially in atherosclerotic patients). However, compounds that

lower blood pressure by virtue of their serotonin antagonistic po-
tency have not been described so far. Presently a new drug (ketan-
serin, Janssen Pharmaceutica, Belgium) has been introduced, for

which the antihypertensive activity is claimed to be due to the
specific blockade of vascular 5-HT_-receptors (i). Ketanserin in-

deed is a potent 5-HT, antagonist (1,5,6), it is devoid of affim-

ity for 5-HT L receptors (18) and devoid of agonistic effects (i).
The drug exhibits a 10-fold less affinity for _L- and H, -receptors

(18). At present ketanserin is used as a tool to study a possible
pathophysiological role of serotonin in the pathogenesis and main-

tenance of essential hypertension (3,4). Conversely, the inhibi-
tion of serotonin-evoked vasoconstriction and the abolition of the

amplifying effect of serotonin (on vessels and platelets) by ketan-

serin is regarded as the basis of the mode of action by which this
drug lowers blood pressure (1,2,19). Before one can introduce a
new category of antihypertensive drugs without the existence of

previous evidence that 5-HT receptors are involved in the mainte-
nance of the vascular tone, an answer has to be given to the

question why ketanserin would be unique among other serotonin ant-
agonists, such as cyproheptadine, methysergide, mianserin, BW 501

C67, etc. Among the potent 5-H_ -antagonists ketanserin is the
most selective drug with respect to the ratio 5-HTL /5-HT , receptor

affinity (18). Binding to the 5-HT, receptor cannot be related to

any biological effect of serotonin (20). The relevance of the ab-
sence of affinity for this serotonin receptor therefore remains

questionable. Ketanserin is, unlike methysergide or ergotamine,
devoid of intrinsic activity (i), but so are cyproheptadine, mian-

serin, BW501C67, etc. In rats, ketanserin in hypotensive doses in-
hibited the vasoconstriction due to the selective _L-antagonist

methoxamine (6) and the al-adrenoceptor mediated hypertensive re-

sponse to electrical stimulation of the spinal cord (5). BW501C67,
a serotonin antagonist almost without affinity for s-adrenoceptors

is ineffective in lowering blood pressure (5). For these reasons
one is tempted to believe that the _L-adrenoceptor blocking activ-

ity of ketanserin would be underestimated with respect to the
drug's hypotensive potency.

In the present experiments _L-adrenoceptor blocking and
5-HT2-antagonistic potency were established by means of in vitro

radioligand displacement studies using cerebral membranes. The

in vitro affinity for central _L-adrenoceptors has been shown to
correspond to the e,-adrenolytic activity in the vascular system

of the rat (21). Moreover, in vitro affinity for rat frontal

cortex 5-H_ receptors has been shown to correlate with the ant-
agonistic potency towards serotonin-induced vasoconstriction in

the pithed rat (Kalkman, submitted for publication). The group of

antagonists studied was selected in such a way that the compounds

largely differed in their _,- and 5-H_ antagonistic activity. The

correlation equation (i) indicates that 93% (= r2 ) of the variance
in blood pressure decreasing activity can be explained by the a,-

sympatholytic potency. In contrast, only a negative relationship
with fair statistics, was established between the blood pressure

decreasing activity and the serotonin antagonistic potency. This
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FIG. 2

Correlation between hypotensive activity of twelve

serotonin antagonists (expressed as pEC30 values, see

table i) and their potency to displace specific (_ H)
prazosin binding (expressed as -log ICs0 in the left-

hand pannel) and specific _' H) mianserin binding (right-
hand pannel). Numeric values of -log ICs0 and the num-
bers of the compounds are listed in table i.

finding most probably reflects the selectivity of the serotonin

antagonists studied with respect to the _L-adrenoceptor.

The outcome of the present study provides strong indication
that it is rather the aL-adrenoceptor blocking activity than the

5-H_ receptor antagonistic potency of the drugs which is related

to the blood pressure lowering activity, as determined in anaes-
thetized normotensive rats. This result gives further support to
earlier observations (5,6) that ketanserin diminishes arterial

pressure of rats by a functional blockade of vascular sl-adreno-
ceptors.
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