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potenci_ in the pharmacological anti-tryptaminetest. Similarly, In the rat frontal cortex ht vitro slereospecific binding of
binding activities in the striatum were significantly correlated '_H-spiperone amounted to 23 pmol per g tissue. This rep-
with the potencies in the anti-apomorphine test. We therefore resented 70% of the total binding and half the amount of
suggest that serotonergic, as well as dopaminergic, receptors stereospecific binding in the striatum, aH-LSD also showed a
are involved in the mechanism of action of neuroleptic drugs, high specific binding in the frontal cortex (9.8 pmol per g

The methods used to assay in vitro and in vivo receptor binding tissue). For 3H-haloperidol, however, the binding in the
were essentially similar to those described previously 4.1°'1t. In frontal cortex was ten times lower than in the striatumL
vitro experiments were carried out with a total particulate tissue Specific in vitro binding in the frontal cortex of both '_H-
preparation of rat striatum or frontal cortex. Incubation con- spiperone and _H-LSD was inhibited more by serotonin-like
ditions were the same in all experiments: 3H-ligand concen- compounds than by dopamine agonists (Table 1). The reverse
tration of 2 nM; 1 !.4 mg tissue ml-t; NaCI, 120 mM ; KCI was true for in vitro binding of '_H-haloperidol and 3H-spiperone
5 mM; CaCl_ 2 raM; MgCI2, I raM; pargyline 10 taM; ascot- in the striatum. Serotonin antagonists were more potent
bic acid 0.1% in Tris-HCI buffer 0.05 M, pH 7.6; volume inhibitors in binding tests in the frontal cortex than in the
2.2 ml, 37 °C. After 10 min incubation was stopped by rapid striatum (Table I). Comparison of the binding results with the
filtration under suction through Whatman GF/B glass fibre results of other in vivo pharmacological tests (Table 1) shows
filters. These were washed twice with 5 ml ice-cold buffer and that binding in the frontal cortex is correlated with the anti-
then counted for radioactivity. Stereospecific binding of tryptamine activity of the drugs. From Table I it can also be
aH-spiperone and 3H-haloperidol was taken as the difference seen that the order of compounds measured by the ratio of their
between radioactivity on the filter in assays in the presence of #1 vitro binding activity ([C_0 in aH-haloperidol binding in the
(--) and (+)-butaclamol. When present in excess 00 -5 M) the striatum to the [C50 of aH-spiperone binding in the frontal
pharmacologically active (-k)-enantiomer completely dis- cortex) closely parallels that obtained from the ratio of their
placed the labelled ligand from its specific binding sites, whereas in vivo pharmacological activity (EDs0 in anti-tryptamine test
the inactive (--)-enantiomer had no effect. Blank values for to the EDno in the anti-apomorphine test).
3H-LSD binding were measured in the presence of excess cold Table 2 shows that in the series of neuroleptics of different
LSD (I0 -e M). Inhibition of specific binding by drugs was chemicalclasses the ICs0-values of in vitro binding in the frontal
measured at 5 different concentrations and expressed as [C_0 cortex and in the striatum varied widely. Regression analysis of
values (that is, drug concentration causing 50% inhibition of the the ICon values of the in vitro binding tests revealed a highly
specific binding of the labelled ligand). Male Wistar rats significant correlation between the values obtained for 3H-
weighing 240_4=20 g were used for the in vivo pharmacological spiperone and aH-LSD binding in the frontal cortex (correla-
experiments. A detailed description of the methods has been tion coefficient r = 0.93) and also between the values for
reported previously tz, but briefly, rats were pretreated with the 3H-spiperone and SH-haloperidol binding in the striatum
drugs and then injected intravenously with apomorphine-HCl (r = 0.92). A linear correlation was not obtained between the
(I.25 mg kg -_) 0.5 h later. Stereotypy was scored every 5 rain ICso values of two different brain areas. Certain compounds
over a 1-h period. Thereafter, the animals were injected i.v. with were more active in the frontal cortex binding test than in the
40 mg kg -_ tryptamine and bilateral clonic seizures of the striatal one. Pipamperone showed the highest dissociation (ratio
forepaws were assessed immediately after injection. Based on of in vitro lC_0 values = 20), having a ratio even higher than
control results, 'all or none' criteria were selected and used for the serotonin agonists and most of the serotonin antagonists.
the calculation of the EDs0 values in lamol kg-L Multiple On the other hand, the benzamides were 100 to 1,000 times
regression analysis was carried out using a AQSARF (auto- more active in the striatal binding tests but were only weakly
matte quantitative structure activity finder) program _3. active overall. Specific and potent dopamine antagonists, like

Table 1 In vitro potency of (a) amine agonists and (b) 5-hydroxytryptamine (serotonin) antagonists in binding tests using rat striatum and frontal
cortex and in vivo antagonism of apomorphine-induced stereotypy and tryptamine-induced clonic seizures in rats

Inhibition of specific binding Antagonism in vivo Ratio
-log ICso (M):t:s.e.m.* ED_o (IJmol kg -1)

Striatum Frontal cortex Apomorphine Try.ptamine In vitrot In vivo_
•_H-spiperone att-haloperidol SH-spip. aH-LSD stereotypy seizures activities activities

a

Bufotenin 4.40=1=0.05 4.7.+_0,1 5.8 f0.1 6.20+_0.07 13
5-Hydroxytryptamine 4.10±0.05 4.5-[-0.1 5.5 :i:0.1 6.1±0.1 10
LSD 7.25=t=0.05 7.3±0.1 7.6±0.1 8.3:£0.1 2
Tryptamine 4.05-/-0.05 4.6_0.1 4.78±0.07 5.3 _-0.1 1.5
Apomorphine 6.3 F 0.1 7.3 t0.1 5.0 k0.1 5.5 kO.I 0.005
Dopamine 5.2] 0.1 6.0:t:0.1 3.6 _:0.l 3.7:=_0.l 0.004
2-(N, N-dipropyl) amino- 6.9±0.2 7.8 _0.1 4.1 ±0.1 4.4_-[:0.1 0.0002

5, 6-dihydroxy tetralin

b
Mianserine 5.7 t 0.1 5.8-t 0.1 7.4 t 0.1 7.35 k0.05 266 2 40 133
Cinanserine 5.0 !0.1 5.4 I 0.1 6.90 [ 0.05 6.95 t 0.05 452 9.5 32 48
Melhysergide 6.5 t 0.1 6.3 I0.1 7.45 t I).05 8.10 I 0.05 120 1.5 14 80
Pizotifen 6.3:_ 0.2 6.6 t 0.1 7.7t-O.I 7.7 _0.1 102 0.9 13 113
Cyproheptadine 6.7[_0.1 7.1 :L0.1 7.7±0.1 7.55±0.05 65 1 4 65

*Mean values were calculated from three independent determinations using freshly prepared tissue and drug solutions, and performed in
duplicate.

Presently shown IC50 values were not converted into K_ values using the Cheng-Prusov equation, since both receptor populations in
striatum and frontal cortex seemed to be heterogeneous and the real dissociation constant of the labelled ligand cannot be measured.

tRatio of in vitro activities is calculated as ICso (halo., striatum)/1C_o (spip., frontal cortex), expressing within the series for the various
compounds differences in dissociation between affinity for frontal cortical and striatal'receptors.

_.Ratio of #i vivo activities is calculated as [_D_oin apomorphine test to ED_, in tryptamine test.
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Table 2 In-vitro potency of ,23neuroleptics in binding rests using rat striatum and frontal cortex and in vivo antagonism of
apomorphine=induced stereotypy and tryptamine-induced clonic seizures in rats

Inhibition of speciiic binding Antagonism in vivo Ratio
--log IC60 (M).+s.e.m.* EDs0 (lanlol kg-1)

Striatum Frontal cortex Apomorphine Tryptamine In vitrot In vivo
aH-spip. 3H-halo. atl-spip. 3H-LSD stereotypy seizures activities activities
(A) (B) (C) (D) (F) (F) E/F

Pipampcrone 5.9:LO.I 6.510.2 7.79_:0.067.57={:0.07 14.3 1.55 19.5 9.2
Clozapine 5.9_0.2 6.4:k0.2 7.32.+0.09 7.08.+0.07 32.7 9.39 8.3 3.5
Azaperone 6.50 [:0.05 6.7 I-0.2 7.45-3-0.06 7.54_0 1 2.35 1.35 5.6 1.7
Chlorprothixene 7.25-3-0.05 7.55.+0.05 8.00 _!:0.05 7.61=1=0.09 1.08 1.45 2.8 0.7
Clothiapine 7 li0.1 7.4.+0.2 7.74_+0.08 7.4_0 1 0.38 1.11 2.2 0.3
Chlorprnmazine 6.85.+0.07 6.9_0.1 7.21 _-0.07 6.6:t:0 1 0.82 2.48 2.0 0.3
Methitbcpine 8.0_0.2 8.0.+0.1 8.23 :[:0.07 7.95.+0.05 0.20 0.20 1.7 1.0
l'ropericiazine 7.90=[=0.05 8.0=t=0.1 8.1 .+0.1 7 2:¢c0.1 0.23 0.90 1.3 0.3
Flupentbixol 7.23.+0.05 7.7.+0.2 7.40_0.05 6.75.+0.05 0.26 0.82 0.5 0.3
Thioridazine 6.65+__0.05 7.4_0.2 6.96 _:0.07 6.8.+0.1 13.1 26.3 0.4 0.5
Fluspiperone _ 8.74 :k0.04 9.4:k0.1 8.68 _-0.05 8.1 -k0.1 0.032 0.12 0.2 0.3
Fluphenazine 7.4140.07 7.8.+0.2 7.0.+0.1 6 6_-I-0.1 0.13 1.14 0.2 0.1
Dropcridol 8.1 :__:0.1 8.7.+0.1 7.90:E0.05 7.57.+0.07 0.035 1.29 0.2 0.03
Spiperone 8.90:k0.03 9.4.+0.1 8.45+0.05 8.2_0.1 0.053 0.21 0.1 0.2
(-b)-Butaclamol 7.7:_:0. I 8.0_ 0.2 7.03=0.1 7.38 :_:0.06 0.28 1.68 0.1 0.2
Trifluperidol 7.85 4-0 06 8.8 _k0.1 7.55 ±0.05 6.90.+0.05 0.040 0.74 0.06 0.05
Benperidol 8.35 _=0.06 9.05.+0.05 7.70 1:0.05 7 6-k0 1 0.023 0.76 0.04 0.03
Pimozide 7.80={-0.05 8.5=[=0.1 7.0=[=0.1 6.7-i 0.1 0.10 > 22 0.03 0.004
Clopimozide 7.03 J=0.06 8.1 .+0.3 6.5--t0 1 6.45A_0.05 0.30 > 80 0.03 0.004
Haloperidol 7.69.+0.06 8.5 .+0. | 6.83 :_0.07 6.15 :_0.05 0.043 2.05 0.02 0.02
Oxiperomide 7.7.+0.4 7.93_-]=0.08 6 05 -_0.05 6.35:_:0.05 0.11 7.95 0.01 0.0l
Metoclopramide 5.8.4_0.1 6.95_+0.05 4.93 :[_0.08 5.15.+0.05 1.69 41.4 0.01 0.04
Sulpiride 6.06.+0.06 7.1.+0.1 4.1-]_0.1 <5 62.8 938 0.001 0.07

In this series of compounds statistically significant correlations (P< 0.01) were obtained between the activities of A and B (r = 0.92),
Cand D 0 ..... 0.93), A and E(r := 0.81), A and E-i F(r =: 0.84), Band E(r = 0.85), Cand F(r = 0.83), D and F(r = 0.74).

*Mean values were calculated from three independent determinations using freshly prepared tissue and drug solutions, and performed
in duplicate.

Presently shown IC5, values were not converted into K_ values using the Cheng-Prusov equation, since both receitor populations in
striatum and frontal cortex seemed to be heterogeneous and the real dissociation constant of the labelled ligand cannot be measured.

tRatio of #_vitro activities is calculated as lCn0 (halo., striatum)/IC._o (spip., frontal cortex), expressing within the series for the various
compounds differences in dissociation between alfinity for frontal cortical and striatal receptors.

pimozide and clopimozide _4a_, were 30 to 40 times more binding in the striatum to anti-apomorphine and anti-trypta-
active inhibitors of haloperidol binding in the striatum than of mine activity simtdtaneously t--log IC5o (A) = --0.54 log EDs0
spiperone binding in the frontal cortex. (E)--0.33 log FDs0 (F)+ 7.2] (r = 0.84, P < 0.01) (see Table 2

Regression analysis (correlation coefficients in Table 2) for significance of A, E, F). A similar multivariable correlation
established that in vitro binding potency in the frontal cortex could not be,obtained between any oftheother binding data.
was highly correlated with in vivo potency in the antagonism The ht vitro finding that neuroleptics bind to both striatal and
of bilateral clonic seizures induced by tryptamine. The IC50 frontal cortex receptors, and that certain compounds are more
values of the itt vitro striatal binding tests were correlated with selective for one brain area was further confirmed by in vivo
in rivo antagonism of apomorphine stereotypy. Also note- binding studies (Table 3). In vivo displacement of 3H-spiperone
worthy is the highly significant correlation shown by means of from its receptors by pipamperone and LSD was readily
the two-variable regression equation which relates spiperooe obtained at low doses in the frontal cortex, but not in the brain

Table 3 In vivo displacement of labelled spiperone in rat brain

Labelled spiperone (pg mg -_)
Region Control LSD Pipamperone Haloperidol

0.63 nag kg- 1 10 mg kg-_ 0.63 rng kg -_ 10 mg kg-1 2.5 mg kg-1

After 2 h
Striatum 3.8.+0.1 3.7_0.1 3.2_0.1_" 4.0=l=_0.3 3.6.+0.1 2.9=]=0.2:1:
Nucleus accumbens 3.6=b0.2 3.5:{=_0.3 3.2=[:0.1 3.5::[-0.3 3.2=t_0.2 2.7=1=0.0"
Tuberculum olfactorium 2.5 ] 0.1 2.5 !:0.2 2.0.+0.2* 2.1 _0.3 2.2_0.2 2.2_0.1"
Frontal cortex 1.5 [_0.04 0.8_O.I:1: 0.65_q._0.02_ 0.94-J=0.02_ 0.65±0.02:_ 0.83_0.02_.
Cerebellum 0.40±0.03 0.37_-I=0.01 0.40-A-_0.01 0.38.+0.02 0.36:_:0.02 0.35=[=0.01

After 4 h
Striatum 3.7 k0.1 4.3_ 0.3 3.8 qO. I 3.8 -J:0.1 2.7 _0.1 :]: 2.1 .+0.l :l:
Nucleus accumbcns 3.4 t 0.2 3.9 _0.3 3.0 _0.1 3.2 -k0.1 2.4+.0.3" 2.1 _+_OAt
Tubercuhm_ olfactorium 2.2 t0.1 2.1 t-0.2 1.9_10.1 2.2 J-0.2 1.5 :F0.1_ 1.4:J:0.1_
Frontal cortex 0.8 t 0.1 0.48 t 0.02_: 0.43 I 0.03_ 0.62:J 0.06' 0.37F0.01:1: 0.44-3:0.01_
Cerebellum 0.27 [0.02 0.22 t:0.01 0.25 _t).01 0.30 :_:0.03 0.23.+0.01 0.27.+0.01

l,l.alswcrc given al 1-spipcronc ({).1)1)5ing kg- _,spccilic activity 9 Ci mmol-_) intravenously. One hour later, unlabelled LSD, pipamperone
amt halopcridol were similarly injected. Two and four hours after the labelled drug, radioaclivity was delcrmined in various brain regions.
Each w_/uc is the mean of fi_tlr dctcrmi|mtions t s.c.m. Significant ditb:rcpccs (by Student's t test) from control values are indicated
*P <0.05 IP -z0.01 :[:P <0.001.
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