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Correlation between the affinity for [*H]mianserin-labelled receptors in brain and
antagonism of the serotonin pressor response in pithed rats

(Received 8 November 1982; accepted 10 January 1983)

Two distinct types of serotonin receptor binding sites have
been identified in in vitro binding studies [1-3]. One class,
the S;-receptor, is specifically labelled by tritiated sero-
tonin. Frontal cortex tissue contains the so-called S;>-recep-
tor [2, 3], which was originally defined by the high affinity
binding of [*H]spiperone. At present two other ligands,
[*H]mianserin and [*H]ketanserin, are available to inves-
tigate the affinity for the S,-receptor. They are advocated
to be more suitable for use as the S.-ligand than
[*H]spiperone [4, 5].

The subdivision of serotonin receptors is of physiological
relevance since the S;-receptor, in contrast to the S;-recep-
tor, is associated with serotonin-induced blood vessel con-
traction [6}], as assayed in vitro. Affinity for brian S,-recep-
tors, identified by [*H]ketanserin, has been found to
correspond with the antagonistic activity of numerous com-
pounds towards serotonin-evoked vasoconstriction of the
rat caudal artery [5]. A study of serotonin-mediated vaso-
constriction in vitro has the advantage that the results are
not affected by pharmacokinetic factors. This approach,
however, has one major drawback—that the vessel which
can be used in such an assay does not determine the
peripheral resistance in an in vivo situation.

The objective of the present study was to investigate
whether the affinity for brain S;-receptors could be cor-
related with the inhibitory activity of antagonists towards
the vasopressor effect of serotonin in the intact circulatory
system of pithed rat. Affinity for brain S,-receptors was
determined by the method of Peroutka and Snyder [4]
using [*H]mianserin.

Materials and methods

Animals. Male Wistar normotensive rats (200-250¢g)
were used throughout the study. The animals had been
kept at a standardized diet of normal chow (Muracon), and
water ad lib.

Radioligand binding assay. Selective labelling of S,-
receptors was performed using the method of Peroutka and
Snyder {4]. In brief, after decapitation, brains were quickly
removed and the frontal cortex was dissected on ice. This
tissue was homogenized in ice-cold Tris—=HCI buffer (pH
7.7). The homogenate was centrifuged at 50,000 g for
10 min, and washed twice with buffer. If necessary the
pellet was stored at —20°. Incubation tubes contained 0.2 ml
of 10"Y M [*H]mianserin, 0.5 ml tissue suspension contain-
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ing 2 mg protein/ml, 0.1 ml of 3 x 107*M triprolidine and
a 0.2 ml solution of the drug to be tested. All assays were
performed in triplicate. After incubation at 25° for 45 min,
labelled membranes were collected by rapid vacuum fil-
tration through Whatman GF/B filters and washed with
three 4 ml rinses of ice-cold Tris-HCI buffer. The filters
were transferred to glass counting bottles and left to solu-
bilize in 10 mt Hydrocount® (Baker Chemicals. Philipsberg,
PA) for 24 hr at room temperature and finally counted at
an efficiency of about 40%. Specific binding of
[*H]mianserin was defined as the excess over blanks con-
taining 1 uM cyproheptadine. Specific binding accounts for
approximately 60% of total binding at a concentration of
0.2 nM, the amount of [*H]mianserin used in routine drug
competition studies.

Antagonism towards serotonin in vivo. When adminis-
tered i.v. to pithed normotensive male Wistar rats, sero-
tonin evokes a dose-dependent pressor response [7]. This
increase in blood pressure is selectively inhibited by ser-
otonin antagonists [7,8]. EDsy values for antagonistic
potency of drugs were determined as follows. Pithed rats
received an i.v. control dose of 100 ug/kg serotonin as a
bolus injection. Pre-treatment (i.v.) with a low dose of
antagonist was started and 15 min later serotonin (100 ug/
kg) was re-administered. As soon as the diastolic pressure
passed its maximal value, another appropriate additive
amount of antagonist was given, and 15 min later serotonin
was injected again. This procedure was repeated once.
Each animal therefore received three doses of antagonist
in a cumulative order (e.g. 1+ 2+ 7mg/kg). Control
experiments had shown that in the course of 90 min the
repeated administration of 100 ug/kg serotonin at 15 min
intervals elicited identical pressor responses. The increases
in diastolic pressure observed after the administration of
antagonist were transformed into percentages of the control
response. Regression analysis of these values against the
respective log dose of the antagonist yielded the EDs; value,
i.e. the dose (mole/kg) of antagonist causing a reduction
of the initial pressor responses to 100 ug/kg serotonin by
50%. At least six different rats were used for one
antagonist.

Drugs. [*H]mianserin (55 Ci/mmole) was purchased from
New England Nuclear (Boston, MA). The ligand was stored
at -20° and diluted in Tris-HCL buffer to a concentration
of 107° M immediately before use. Unlabelled drugs were



2112

either gifts by the manufacturers of origin or were pur-
chased from Sigma Chem. Co. (St. Louis, MO).

Mathematical analysis. 1Cs values (M) derived from dis-
placement curves were determined by log probit analysis
[9]. Methods and formulae applied to calculate regression
lines, 95% confidence limits and regression coefficients
have been described before in full detail [9].

Results

A dose of 100 ug/kg of serotonin was chosen because it
evoked an increase in diastolic pressure in pithed normo-
tensive rats by about 80% of the maximally obtainable
response, while repeated administration of this dose at
15 min intervals showed no tachyphylaxis during a 90 min
test period. A typical example of an EDs, calculation is
shown in Fig. 1. Within the group of 11 antagonists studied.
metabolic breakdown during the experiment could be
ignored since no significant differences (P > 0.05) were
observed between the increase in diastolic pressure after
single administration of the highest dose or after addition
of the drug in steps {see Materials and Methods).
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Fig. 1. A typical example of the determination of the
serotonin antagonistic potency quantified as an EDs; value.
Percentages of the control value of the increase in diastolic
pressure of pithed normotensive rats evoked by 100 ug/kg
t.v. serotonin (ordinate) were plotted against the corre-
sponding log dose of the serotonin antagonist {(abscissa).
The dose of serotonin antagonist that reduced the vaso-
pressor response to serotonin by 50% (EDsy value) was
calculated by linear regression analysis.

Within the group of 11 serotonin antagonists, a close
correlation (r = 0.89) was demonstrated to exist between
the following parameters: (i) the negative logarithm of the
dose (mole/kg) which caused a 50% reduction of the
hypertensive response in pithed normotensive rats (—log
EDs); and (ii) the negative logarithm of the molar concen-
tration which caused a 50% displacement of the specific
binding of [*H]mianserin {—~log iCs). The values are listed
in Table 1.

The following equation was derived (see Fig. 2):

{—log EDsy) = 1.67 (£0.64) (~log 1Cs) — 9.24.

The close correlation between both parameters indicates
that displacement of [*H]mianserin binding can be used to
describe the serotonin antagonistic potency in the vascular
system of the pithed rat.

Discussion

The objective of the present study was to investigate

whether the affinity of compounds for brain S;-receptors
could be correlated with their inhibitory activity towards
the vasopressor effects of serotonin in vivo (pithed rat).
Such a correlation would implicate that displacement of
the tritiated S»-ligand can be used to describe serotonin
antagonist potency in the vascular system of this animal
species.
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Table 1. Inhibitory potency of various serotonin antagonists
with respect to specific [’H]mianserin binding in rat frontal
cortex tissue {—log ICy) and the antagonism towards the
serotonin-induced vasopressor effect in vive (~log EDsq)

"lOg ICs0 *lOg EDsy

(M) (mol/kg)
1 ketanserin 8.32% 4.40
2 metitepine 7.89* 4.49
3 cyproheptadine 8.43* 4.76
4 (*)-mianserin 8.17 4.67
5 methysergide 8.49* 5.59
6 spiperone 8.32 512
7 haloperidol 7.15 2.26
8 phentolamine 6.62% 1.86
9 cinanserin 8.49% 372
10 (+)-mianserin 8.43% 4.53
11 {~)-mianserin 7.46* 3.09

* Data taken from [13].

Inhibition of the specific binding of [*H])mianserin was
determined with nine concentrations of competing drugs
in triplicate. The concentration (molar) that displaced the
specific binding of the tritiated ligand by 50% (iCs) was
calculated by log probit analysis. —Log 1Cs values were
used in the correlation. Antagonism in pive of serotonin-
induced increases in diastolic pressure of pithed normo-
tensive rats was assessed as described in Materials and
Methods, and quantified as (—log EDsj) values.

It is now well established that ['H]mianserin binds with
high affinity to Syreceptors [4, 10~12]. In addition.
[PH]mianserin binds to histamine Hi-receptors [4]. The
binding to Hi- and S;-receptors can, however. be differ-
entiated by pharmacological and anatomical maniputation
[4]. According to Peroutka and Snyder [4], [*H]mianserin
can be used to label S;-receptors when rat frontal cortex
tissue is taken, and provided that Hy-receptors are blocked
by triprolidine.
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Fig. 2. Correlation between —log iCy, of [*H]mianserin
displacement and —log EDy for the antagonism towards
the pressor effect of serotonin in vive. The serotonin
antagonistic potency of 11 drugs was determined in vivo
in the vascular system of the pithed rat by repeated i.v.
doses of serotonin before and after increasing doses of the
antagonist (see Materials and Methods). S;-Receptors in
rat frontal cortex tissue were selectively labelled in a
[*H]mianserin binding assay. The various numbers refer to
the compounds listed in Table 1.
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The finding that a correlation between brain S;-receptor
affinity and serotonin antagonist activity in vivo exists in
the vascular system of the pithed rat makes it likely that
serotonin receptors mediating contraction of the resistance
vessels belong to the S,-subtype. This study is, however,
not decisive on this point. The assumption that increases
in diastolic pressure reflect increases in peripheral resist-
ance (and thereby constriction of the arteriolae) is only
allowed when cardiac output is constant. This criterion is
not met in this study, since it is as yet unknown how
different doses of a serotonin antagonist affect cardiac
output changes to a single serotonin dose and whether
different antagonists behave in the same way in this respect.
What can be concluded from this study is that the receptors
mediating the hypertensive response to serotonin in the
vascular system of the rat belong to the S;-subclass. Thus,
affinity for brain S;-receptors can be used to describe the
serofonin antagonist potency of a drug towards the hyper-
tensive response to this autocoid in vivo.

In summary, the relationship between binding affinity
for Sx-receptors in rat frontal cortex tissue assayed in vitro
using [*H]mianserin and functional antagonism towards
pressor effects in vivo in the vascular system of the pithed
normotensive rat was investigated. A close correlation
(r = 0.89) was found to exist between both parameters.
The vasopressor response to serotonin in the pithed rat is
therefore mediated via S;-serotonergic receptors.

Hans O. KALKMAN®
HARRY D. BAaTINK
MarTIN J. M. C.

Department of Pharmacy
Division of Pharmacotherapy
University of Amsterdam

Plantage Muidergracht 24 THOOLEN
1018 TV Amsterdam PiIETER B. M. W. M.
The Netherlands TIMMERMANS

PIETER A. VAN ZWIETEN

2113

REFERENCES

1. J. E. Leysen, J. Physiol., Paris 77, 351 (1981).
2. 8. J. Peroutka and S. H. Snyder, Molec. Pharmac. 16,
687 (1979).
3. 8. J. Peroutka, R. M. Lebowitz and S. H. Snyder,
Science, Washington 212, 827 (1981).
4.S. J. Peroutka and S. H. Snyder, J. Pharmac. exp.
Ther. 216, 142 (1981).
5.J. E. Leysen, C. J. E. Niemegeers, J. M. van Nueten
and P. M. Laduron, Molec. Pharmac. 21, 301 (1982).
6. M. L. Cohen, R. W. Fuller and K. S. Wiley, /. Phar-
mac. exp. Ther. 218, 421 (1981).
7. J. R. Fozard and G. D. H. Leach, Eur. J. Pharmac.
2, 239 (1968).
8. G. Haeusler and L. Finch, Naunyn-Schmiedeberg’s
Archs Pharmac. 272, 101 (1972).
9. R. C. Tallarida and L. S. Jacob, in The Dose—Response
Relation in Pharmacology. Springer, Berlin (1979).
10. P. M. Whitaker and A. I. Cross, Biochem. Pharmac.
29, 2709 (1980).
11. A. Dumbrille-Ross, S. W, Tang and P. Seeman, Eur.
J. Pharmac. 68, 395 (1980).
12, A. Dumbrille-Ross, S. W. Tang and D. V. Coscina,
Life Sci. 29, 2049 (1981).
13. H. O. Kalkman, Y. M. Harms, E. M. Van Gelderen,
H. D. Batink, P. B. M. W, M. Timmermans and P, A.
van Zwieten, Life Sci. 32, 1499 (1983).

* To whom correspondence should be addressed.

Biochemical Pharmacology, Vol. 32, No. 13, pp. 2113-2116, 1983,
Printed in Great Britain.

0006-2952/83 $3.00 + .00
© 1983 Pergamon Press Lid.

Selective mitochondrial activity distinguishes aspirin from salicylate and benzoate
in yeast cells

(Received 2 December 1982; accepted 25 January 1983)

‘I'here are numerous reports of the ability of salicylate drugs
to inhibit a wide range of metabolic activities in mammalian
systems, and attempts are made to correlate these effects
with therapeutic properties. Of particular interest to us are
the claims that this group of drugs depresses mitochondrial
ATP synthesis [1, 2]. It is difficult to establish whether or
not the mitochondrial system is solely or selectively affected
by a drug in animal cells, but in yeast cells this point can
be readily ascertained [3]. The procedure exploits the ability
of yeast cells to grow and divide in the absence of mito-
chondrial respiratory activity (e.g. under anaerobiosis),
meeting energy requirements solely from glycolysis. This
necessitates the presence of a fermentable energy source
such as glucose but if the substrate is non-fermentable (e.g.
a Krebs cycle intermediate), then in the absence of res-
piration, growth would be, precluded. By the same token,
selective or specific inhibition, either of mitochondrial func-
tion or biogenesis, by a drug would not significantly affect
growth in glucose medium but would arrest growth in
non-fermentable medium. If the anti-mitochondrial activity
of the drug in question were due to interaction with the

mitochondrial genome (mtDNA), this could induce the
mitochondrial mutation known as petite colonie. Scoring
this condition is greatly facilitated by its exceptionally high
spontaneous mutation rate [about 1% of cells of most yeast
strains (Saccharomyces), give rise to petite colonies on
plating] and its easily recognisable phenotype of small white
colony and respiratory deficiency (for a detailed account
of the petite mutation, see [4]). Using this yeast system, a
comparative study was made of the activities of the chem-
ically related compounds acetyl salicylate (aspirin), salicylic
acid and benzoic acid.

Materials and methods

Aspirin (o-acetylsalicylic acid) and benzoic acid were
obtained from BDH (Dorset, U.K.), and salicylic acid from
Sigma Chemical Co. (St. Louis, MO). Eighteen haploid
yeast strains of this laboratory were used and culture
medium contained 1% yeast extract with 2% glucose
(YED) or 4% glycerol (YEG) as fermentable and non-
fermentable carbon and energy sources, respectively.
Effects on growth by the drugs were assessed first on agar



