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ability of these drugs to antagonise behavioural effects of ccntrifugation, extracted into an appropriate fluor and counted
apomorphine and amphetamine in animals correlates best with by liquid scintillation spectrometry. The amounts bound in
clinical potency I. Since apomorphine and amphetamine- the presence and absence of the drug were compared. The
induced behaviours are mediated by brain catecholamines, ligands used in this study and the receptor to which each binds
especially dopamine, the neuroleptics are thought to act by is as follows: SH-T-aminobutyric acid (3H-GABA), the GABA
blocking dopamine receptors in the brain. Clinical potencies receptor_S; SH-dopamine (3H-DA and 3H-haloperidol (SH-
of phenothiazine neuroleptics correlate reasonably well with Halo), the dopamine receptor_3a4; 3H-naloxone (3H-Nal)
their ability to inhibit a dopamine-sensitiv¢ adenylate cyclase *H-dihydromorphine (aH-DHM), the opiate receptorlS; SH-
which is presumably linked to the dopamine receptors'*. dihydroalprenolol (SH-DHA), the 13-adrenergic receptor16'st;
Because pharmacologically potent butyrophenones are rela- SH-5-hydroxytryptamine (3H-5-HT) and _H-lysergic acid
tively weak inhibitors of this cyclase and show only a partial diethylamide (_H-LSD), the 5-HT receptor_'_8; SH-quin-
correlation with clinical potency', however, it has been uclidinyl benzilat¢ (SH-QNB), the muscarinic cholinergic
suggestedthat these drugs may only indirectly affect dopamine receptorn; and SH-strychnine (3H-Stry), the glycine receptor=°.
receptors, perhaps by blocking dopamine release5. The Receptor binding for each ligand was assayed in the brain
chemical similarity of butyrophenones to 7-aminobutyric region containing the highest density of receptor sites or in
acid (GABA) suggeststhat these agents might in some way whole brain. The highest density of dopamine receptor sites is
facilitate GABA transmission in the brainL Since inhibitory in the corpus striatum _3'_4.Binding of _H-strychnine to glycine
GABA neuronal pathways may synapse on dopamine cell is most enriched in spinal cord membranes=°. Receptor binding
bodies, facilitation of GABA effects could reduce the firing for SH-LSD, 3H-5-HT and SH-DHA is greatest in the cerebral
rate of dopamine neurones resulting in behaviours like those cortex16-18,=t. Although there exist regional variations in
associated with dopamine receptor blockade s. opiate, GABA and muscarinic receptor binding, the character-

In both clinical and animal pharmacological screening, istics of binding sites do not vary regionally and substantial
•tain neuroleptics display isomeric specificity. Q-Flupenthixol activity is present in whole brain or forebrain, which were

and cis-thiothixene are much more potent clinically and in used for assaysof these receptorst='ls'_°.
animals than their geometrical isomers I]-flupcnthixol and Uptake of radioactive GABA by synaptosomes in nuclei-free
trons-thiothixene respectivelyv's. Similarly (-t-)-butaclamoi is sucrose homogenates of whole rat brain was assayed as
much more potent than its optical isomer (--)-butaclamoP. previously described2=-
The relative potencies of butaclamol, flupenthixoi and thio- All radioactive agents were purchased from New England
thixene isomers upon the dopamine-sensitive adenylate Nuclear, and all other substances were obtained from the
cyclasc accord with their isomeric specificity in clinical studies company of origin.
and pharmacological screens _°'n. There are no marked stereospecific influences of neuroleptics

Using recently developed binding techniques to study on receptor binding for SH-GABA, for the opiatesSH-naloxone
neurotransmitter receptors directly, we have examined and SH-dihydromorphine, for binding of SH-strychnine to the
critically how reliably stereospccificity and correlations between glycine receptor, for the binding of 3H-quinuclindinyl benzilate
clinical and biochemical effects can reveal the biochemical (3H-QNB) to the muscarinic cholinergic receptors or for
basis of neuroleptic drug action. The results suggest that 3H-dihydroalprenoloi (3H-DHA) binding to the [3-noradren-
although these criteria are valuable, they can obfuscate rather aline receptor (Table 1). In contrast, the neuroleptic isomers are
than clarify drug mechanisms if used incautiously. Of the extremely potent in competing for SH-haioperidol binding to
several biochemical effects of neuroleptics, blockade of dopa- the dopamine receptor and display striking stereospecificity.
mine receptors best accounts for therapeutic effects of both (-F)-Butaclamol reduces SH-haloperidol binding 50% at i nM
butyrophenone and phenothiazine neuroleptics, and is more than 1,000 times as potent as (-)-butaclamol in

Synaptic receptor binding studies were conducted as pre- ¢liciting this effect, u-Flupcnthixol inhibits 3H-haloperidol
viously described 1_-=0.Briefly, washed crude synaptic membrane binding 50 %at 2 nM and is 50 times as potent as 13-flupenthixol,
or total particulate fractions of various brain regions repre- while ci$-thiothixene is 100 times more potent than trans-

-,_,cnting approximately 1 mg of protein were incubated in a thiothixene in competing for SH-haloperidol binding. These
uffered solution containing a low concentration of tritiated neuroleptics also demonstrate stereospccificity with respect to

iigand (1-8 nM) in the presence or absence of various con- SH-dopamine binding, although they are less potent in com-
centrations of the drug under study. After incubation, radio- poring with this ligand. Thus, while (-F)-butaclamol is less than
activity bound to the membranes was separated by filtration or 1% as potent in inhibiting SH-dopamine as *H-haloperidoi

Table 1 Displacement of various receptor ligands by neuroleptic isomers

ICio (pM)*
Compound IH.DH A, ,H.5.HT I, SH.LSD a SH.DA" SH-Haio, *H-QNW *H-Stry s *H-NaP SH-DHM I SH-GABAJ

(+)-Butaclamoi N.e.I" 1.0 0.05 0.1 0.001 100 N.e. 18 17 N.e.
(--)-Butaclamol N.e. 8.0 7.0 16.0 1.3 40 N.e. 20 17 N.e.
¢t-Flupenthixol N.e. 4.0 0.10 0.2 0.002 0.7 N.e. 55 100 100
_Flupcnthixol N.e. 60.0 6.0 10.0 0.10 0.9 N.e. 50 100 N.e.
cis-Thiothixenc 80 1.0 0.3 0.7 0.003 3.2 50 15 30 50
trans-Thiothixene 80 7.0 i.0 19.0 0.30 2.8 50 15 35 50

• Concentration which inhibits ligand binding 50_o.
tNo effect at 100 IJM.
Four to six concentrations of each drug were evaluated in triplicate to obtain ICse values. Data are the mean of 2-4 determinations which

varied less than 20%.
"Rat cerebral cortex membranes, aH-DHA = 1 riM.
brat cerebral cortex membranes, SH-5-HT = 7 nM.
_Rat cerebral cortex membranes, _H-LSD = 3 nM.
_Calf striatal membranes, _H-DA = 5 nM.
'Calf striatal membranes, iH-Halo = 2 nM.
eRat forebrain homogenate, _H-QNB = !nM.
_Rat spinal cord-brainstem, synaptosomal membranes, _H-Stry = 2 nM.
_Rat forcbrain membranes, _H-Nal = i nM.
_Rat forcbrain membranes, _H-DHM = i nM.
_Rat brain synaptosomai membranes, #H-GABA ==8 riM.
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Table 2 Inhibition of GABA uptake into rat brain synaptosomes by potent in lowering the binding of aH-5-HT, but still display a
neuroleptic drugs degree of stereospecificity. The potencies of these neuroleptics

in inhibiting aH-dopamine and aH-LSD binding are similar to
Average clinical their potencies as inhibitors of the dopamine-sensitive adenylate

daily doset
Compound ]Ct_ (laM)* (pmol kg) cyclase _'a. In spite of these stereospecific effects, blockade of
Butyrophenones 5-HT receptors is probably not a major source of neuroleptic

Fluspirilcne 3 0.066 clinical efficacy, because relative influences of an extensive
Pimozidc 10 0.108 series of these drugs on aH-LSD binding do not correlate with
Clofupcrol 15 0.077
Bcnpcridol 30 0.060 clinical potency _'.
Bromoperidol 30 0.153 Since the chemical structure of butyrophenones resembles
Spiropcridol 40 0.058 that of the inhibitory neurotransmitter GABA I, it was also of
Penfluridol 60 0.466 interest to evaluate the influence of butyrophenones on GABA
Trifluperidol 65 0.096
Haloperidol 75 0.152 uptake by synaptosome-enriched brain homogenates. In this
Moperone 100 0.802 type of tissue preparation aH-GABA is accumulated primarily
Droperidol 200 -- by nerve terminals26._L The butyrophenones examined are all
Fluanisone 500 3.44 capable of inhibiting 3H-GABA uptake (Table 2). The most
Azaperone 600 --
Pipamperone 1,000 ii.10 potent, fluspirilene, reduces uptake 500,0, at 3 laM, similar to its

Phenothiazines and related agents potency in inhibiting _H-dopamine binding and in inhibiting the
Trilluoperazine 17 0.297 dopamine-sensitive adenylate cyclase z'a. There is a several
Fluphenazine 18 0.168 hundredfold variation in the relative potencies of the butyro-
Triflupromazine 20 4.59
Chlorpromazine 21 12.00 phenones in reducing GABA uptake, and these variations
Promazine 30 33.00 correlate well with the relative clinical potencies of the drugs
•_-Flupcnthixol 35 0.099 (r = 0.86, P < 0.001). If inhibition of GABA uptake were a
,_-Flupenthixol 35 -- common mechanism whereby therapeutic effects of all neuro-cis-Thiothixene 38 0.393
trans-Thiothixene 45 __ leptics were elicited, then the phenothiazines and related agents

should also show a similar correlation between inhibition of

• Concentrations which inhibit 50,_. GABA uptake and clinical potency. We detect no correlation,
"tForclinical potencies, the midpoint valuesofdaily dose ranges z''3t however, between the influence of these agents on GABA

were meaned and converted to pmol kg-t assuming a human weight
of 70kg. uptake and their clinicaleffects.The very potent neuroleptic

Six concentrationsofeach drug were evaluated in triplicate to obtain 0t-flupenthixol is no more effective in reducing GABA uptake
ICso values. Data.are the mean of three determinations which varied than the weak neuroleptic promazine. Similarly, the potent
less than i5%. neuroleptic fluphenazine has about the same potency as the

moderately effective neuroleptic chloropromazine.
The most striking finding indicating that the pharmacological

binding, it is 160 times more potent than (-)-butaclamol in activity of neuroleptics related to phenothiazine cannot be
competing for _H-dopamine binding. Similarly ct-flupenthixol attributed to influences on GABA uptake derives from experi-
and cis-thiothixene are less than I% as potent in inhibiting' ments with stereoisomers. No difference is apparent in the
3H-dopaminc as 3H-haloperidol binding yet they still display potencies of (I-and 13-flupenthixol in competing for GABA
stereospecificity with respect to their corresponding isomers, uptake in spite of the fact that essentially all the pharma-
Interestingly flupenthixol and thiothixene are just as potent in cological activity resides in the o-isomer with 13-flupenthixol
competing for 3H-QNB as for '_H-dopamine binding, but they being essentially inactive 8. Similarly, the cis- and trans-isomers
display no stereospecificity in inhibiting '_H-QNB binding, of thiothixene have the same affinities for GABA uptake

Relative potencies of numerous neuroleptics as inhibitors of sites, though only eis-thiothixene has clinical and pharma-
3H-haloperidol binding to the dopamine receptor correlate well cological activityL
with clinical efficacyla._-_.2L There is, however, a much weaker It could be argued that the correlation between relative

)rrelation of neuroleptic clinical and pharmacological potencies of butyrophenones in inhibiting GABA uptake and
potency with 3H-dopamine binding, in spite of the fact that their clinical potencies indicates that the therapeutic actions
both dopamine and haloperidol presumably interact with the of butyrophenones may be mediated at least in part by inhibition
same receptor. The differences between interactions of 3H- of GABA uptake. Since uptake of GABA into nerve terminals
haloperidol and 3H-dopamine with the dopamine receptor is thought to inactivate synaptically released GABA, such an
seem to stem from their labelling two different states of the effect would potentiate the synaptic effects of GABA, which in
dopamine receptor. Agonists are much more potent in corn- turn could inhibit the firing of dopamine neurones. Similarly
peting for ZH-dopamine than SH-haloperidol binding. Con- inhibition of opiate receptor binding by butyrophenones but
versely, antagonists have substantially higher affinity for halo- not by phenothiazines correlates well with clinical antischizo-
peridol than dopamine-binding sites. Thus dopamine and phrenic activity (r = 0.78, P < 0.01 with no added Na;
haloperidol respectively label discrete "agonist" and "anta- r = 0.61, P < 0.05 with 100ram Na_) 32. There is also some
gonist'" states of the dopamine receptor '_. This two-state model correlation between antipsychotic potencies of neuroleptics
for the dopamine receptor accords with data supporting such and inhibition of dopamine release s. Before the identification
a model for the 5-HT, tt-noradrenergic and opiate receptors2L of aH-haloperidol binding to dopamine receptor sites "'2_'z*
One would expect pharmacological activities of antagonists to these formulations might have represented plausible mechanisms
be related better to their affinities for antagonist than agonist for clinical effects of butyrophenones if not of phenothiazines.
states of the receptor, which explains the better correlation of But since the butyrophenones are about 100-1,000 times more
neuroleptic clinical activity with affinity for haloperidol than potent in competing for aH-haloperidol binding to dopamine
fordopamine binding _-_. receptor sites than in reducing GABA uptake, opiate binding

The binding of 3H-LSD and 3H-5-HT is also inhibited or dopamine release and since inhibitic.n of haloperidol binding
stereospecifically and with considerable potency by these predicts phenothiazine as well as butyrophenone activities, a
neuroleptics. The neuroleptics display about the same potency more parsimonious explanation attributes clinical actions of
in inhibiting 3H-LSD as _H-dopamine binding as well as a both butyrophenones and phenothiazines to blockade of
similar degree of stereospecificity. Thus (_-)-butaclamol is dopaminereceptors _'sa.2_.
140 times as potent as (-)-butaclamol in lowering 3H-LSD The correlation between the influences of these drugs on
binding and is about 160 times as potent as the (-)-isomer in 3H-GABA uptake and clinical potencies emphasises the

lowering SH-DHA binding. The neuroleptics are somewhat less difficulties inherent in evaluat!ng correlations between bio-
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chemical and clinical effects of drugs. Similarly, one should between terminal and somato-dendritic areas point to a
be circumspect about concluding that stereospecificity of similar regulation of DA metabolism and an active role of
biochemical effects "proves" that one is dealing with the DA in both parts of the neurone. We have studied this
pharmacologically relevant site of a drug's action. Thus, if a question in a situation where the dopaminergic neurones
given behavioural effect in animals is elicited more by (+)- are inhibited. 7-Butyrolactone (GBL) applied systemically,
butaclamol than by (-)-butaclamol, it should not automatically strongly reduces unit activity of the dopaminergic neurones
be assumed that the behaviour is dopamine mediated, since the in zona compacta of substantia nigra s. Under these condi-
drug effect might also involve 5-HT receptors, tions, the changes observed in the somato-dendritic complex
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Transmitter metabolism in ' '.....
substantla nigra after inhibition of : :'"
dopaminergic neurones by butyrolactone _

DOPAMINERGIC nigrostriatal neurones have recently been _*_._
found to contain dopamine (DA) also in their dendrites t. -. _

Certain observations suggest a release of transmitter from

these dendrites: depolarisation by potassium ions induces a Fig. 1 Localisation of standardised tissue cylinders in substantia
release of _H-DA from incubated tissue slices of rat nigra. From frozen brain, a i-mm thick frontal slice was sectioned
substantia nigra _, and stimulation of the median forebrain extending anteroposteriorly from level A 1400 to level A 2400
bundle increases 3,4-dihydroxyphenylacetic acid, a major according to the atlas of Koenig and Klippel N. A cylinder of
metabolic Of DA _, in the mesencephalic region containing i-mm diameter was punched out on each side. The figure showsthe histological control of such a slice fixed after punching
dopaminergic Cell bodies and dendrites t, as well as in (Toluidine blue staining), c, Zonacompacta; r, zona reticulata of
caudate-putamen, the terminal area. These similarities substantia nigra; Ira, lemniseus medialis; cc, ¢rus cerebri.
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