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(71) We, THE WELLCOME FOUNDATION LIMITED of 183-193, Euston Road, 
London NW1 2BP, do hereby declare that the invention for which we pray that a Patent 
may be granted to us and the method by which it is performed, to be particularly described 
in and by the following statement: 

5 This invention relates to a method for the assay of neuroleptic drugs; to a composition of 5 
matter for enabling such assays; and to a test kit of value in the performance of such assays. 

The present invention more particularly relates to the assay of neuroleptic drugs in 
human body fluids, for example blood serum, blood plasma, urine, saliva or cerebrospinal 
fluid. 

10 The present invention thus provides in one aspect a method for the assay of neuroleptic 10 
drugs comprising the steps of: 

(a) incubating together a dopamine receptor material, a radioactive dopamine receptor 
binder, and a sample of human body fluid; 

(b) measuring the percent inhibition of the binding of the radioactive compound to the 
15 dopamine receptor material; and 15 

(c) determining the neuroleptic drug concentration in the body fluid using the percent 
inhibition measurement. 

Background of the disclosure 
20 Neuroleptic drugs represent a wide range of psychotropic agents, sometimes also referred 20 

to as the major tranquillizers. The two most common subclasses of neuroleptic drugs are (a) 
the phenothiazines and (b) the butyrophenones. These drugs are prescribed extensively 
throughout the world for the treatment of schizophrenia, the relief of certain forms of 
depression, and as antiemetics. Dosage requirements for the drugs can vary widely among 

25 different patients, this being related in part to marked differences in uptake of the drugs 25 
among different individuals. 

It has long been generally felt that a simple and sensitive technique for the assay of 
neuroleptics in blood and other body tissues would greatly facilitate the selection of optimal 
doses of a particular drug for individual patients. This is important in ensuring that (a) the 

30 patients have blood and brain levels of the drug adequate to give therapeutic effects, and 30 
that (b) a patient does not receive a higher dose of the drug than is necessary for treating his 
or her symptoms. 

Long term treatment with high doses of these drugs is sometimes associated with 
abnormal motor movements referred to as tardive dyskinesia, a disfiguring and frequently 

35 permanent side effect (see for example "The Pharmacological Basis of Therapeutics", 35 
Goodman, L.S. and Gilman, A. eds., published by the Macmillan Publishing Co., Inc., 
New York, fifth edition (1975) at page 169). 

The assay of neuroleptic drugs in body fluids should ideally employ a technique 
applicable to all neuroleptics. Moreover, because metabolites of the parent drug frequently 

40 have therapeutic activity also, an ideal method should be able to measure pharmacological- 40 
ly active but not inactive metabolites in addition to the parent drug. 

Presently available techniques, such as gas-liquid chromatography, cannot be applied 
routinely in clinical laboratories because they are quite costly and very time consuming. 
Moreover these techniques are applicable only to individual drugs rather than to the whole 

45 class of neuroleptics. Such prior art methods also do not specifically detect active 45 
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metabolites. 
A variety of indirect evidence, accumulated since about 1962, had suggested that the 

therapeutic actions of neuroleptic drugs in schizophrenic patients involved a blockade of 
receptor sites for dopamine in the brain. In none of these investigations had researchers 

5 been able to measure the dopamine receptor directly. 5 
Using 3H-haloperidol or 3H-dopamine a group of researchers more recently succeeded in 

labelling the dopamine receptor so that i t could be measured directly, see Creese et al, Life 
Sciences, 17, 993-1002 (1975); Snyder et al, Psychopharmacology Communications, 1 (6), 
663-673 (1975); Enna et al, Nature, 263, September 23, 1976, 338-344; and Seeman et al, 

10 Nature, 261, June 24, 1976, 717-719. In these same investigations (see the above noted 10 
publications) it was shown that neuroleptic drugs do indeed compete for the binding of 
'H-dopamine and 5H-haloperidol to the receptor sites in proportion to their clinical efficacy, 
thus showing that the therapeutic actions of the drugs are associated with a blockade of 
dopamine receptors. 

15 None of these publications on the dopamine receptor itself disclose anything beyond the 15 
fact that the dopamine receptor can be measured with 3H-haloperidol and %-dopamine 
and that neuroleptic drugs inhibit the binding of the 3H-agents to the receptor. Moreover, 
the information contained in these above mentioned publications does not provide a tool 
for measuring amounts of neuroleptic drugs in body fluids of human patients, because a 

20 number of needed elements, all of which were yet to be discovered, had to be discovered to 20 
exist for a successful assay for levels of neuroleptic drugs. 

For a successful assay for neuroleptic drug levels i t was necessary to discover the 
non-specific effects of body fluids on the binding properties of the dopamine receptor and 
discover means of reducing or abolishing them. I t was also necessary to discover that 

25 neuroleptic drugs added to body fluids could be recovered in a form that would still interact 25 
with the dopamine receptor. I t was also necessary to show that in the presence of body 
fluids increasing levels of neuroleptic would in a predictable fashion produce progressively 
greater blockade of dopamine receptors. Only after making a series of discoveries as 
disclosed herein which reduced non-specific effects of body fluids on the dopamine 

30 receptor, permitted recovery of added neuroleptics and resulted in reproducible augmenta- 30 
tions in receptor blockade with increasing amounts of neuroleptics in body fluids was it 
possible to measure neuroleptic drugs in body fluids with this invention. 

One study (Enna and Snyder, J. Neurochem., 26,1976,221-224) would on its face appear 
to be relevant to the present invention. This publication discloses the use of a G A B A 

35 receptor as a means to measure G A B A itself y-aminobutyric acid) in brain tissue. 35 
However, this method can only be used for G A B A , because neuroleptic drugs do not bind 
with appreciable potency to the G A B A receptor. In competing for binding to the G A B A 
receptor, major neuroleptic drugs are less than l/1000th as potent as G A B A itself so that 
neuroleptics could not be detected at all at the levels found in the body fluids of patients 

40 receiving them. Because of the limited sensitivity of the G A B A radioreceptor assay, one 40 
would not expect an assay using another receptor to be able to detect the low levels of 
neuroleptics which occur in the body fluids of patients. Moreover, in actual clinical practice 
the most important body f luid for measuring drugs is blood. Plasma proteins in the blood 
prevent binding of G A B A to its receptor so that on the basis of the G A B A assay one would 

45 not expect to be able to measure G A B A or drugs in blood using the G A B A receptor or any 45 
other receptor. 

The present invention departs from the above in that i t has been discovered that i t is now 
possible to detect neuroleptic drugs in blood plasma and other body fluids with sensitivities 
thousands of times greater than achieved with the G A B A assay. The G A B A receptor does 

50 not have sufficient affinity for any known drug used in patients to permit assay thereof. 50 
Thus the G A B A assay is restricted to the measurement of G A B A itself, a neuro-
transmitter contained in the brain, and cannot be used to measure any clinically employed 
drug. 

I t is also believed that drugs which are not neuroleptics do not bind to the dopamine 
55 receptor sites. 55 

Brief description of the disclosure 
The present invention is concerned with a new technique which enables rapid 

determination of the concentration of neuroleptic drugs in body fluids of patients. This 
60 determination is clearly important since in most patients a certain pre-established " 0 

concentration of drug is necessary to obtain the desired medicinal effect. However, while 
the desirable concentration of neuroleptic in the patient's blood is known, it has been found 
that the uptake of neuroleptics by most patients is quite variable and thus the attendant 
physician has no assurance that a certain dose of neuroleptic administered to the patient wil l 

65 produce the desired concentration in the blood. The prior art techniques for measuring the "5 
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concentration of neuroleptics as mentioned previously are time consuming and expensive 
and accordingly a new and improved technique that could easily and rapidly be used was 
needed to insure that the patients were being properly dosed to achieve the beneficial 
results without causing harmful side effects. 

5 The present invention provides such a technique and is in part based upon the discovery 5 
that a neuroleptic drug contained in the body fluid, for example blood, of a patient (human! 
will successfully compete with the binding of radioactive dopamine receptor site binder(s) 
to dopamine receptor sites of dopamine receptor material in such a manner that an accurate 
determination of neuroleptic drug concentration can readily be made. 

10 The present invention is also based in part upon the discovery that once the competition 
of the binder and drug to the dopamine receptor has proceeded for the desired time, free 
dopamine receptor material having bound to it drug and binder can be successfully 
separated from free drug and binder and body fluids without destroying the accuracy of the 
concentration measurement to be made. 

15 After separation, the level of radioactive dopamine receptor binder may be measured in 
a conventional radioactivity measurement device, for example a gamma counter or 
scintillation counter depending on the radionuclide of the radioactive dopamine receptor 
binder, and compared with standard curves to determine the concentration of neuroleptic 
drug in the patient's body fluid. 

20 Thus there is provided a method for measuring levels of neuroleptics in patients based on ™ 
the ability of neuroleptics to compete with the binding of radioactive binders (ligands), 
including dopamine agonists or antagonists, to dopamine receptor sites of dopamine 
receptor material. 

In this procedure increasing amounts of neuroleptic drug or pharmacologically active 
25 metabolites thereof decrease the binding of the radioactive binder to the dopamine receptor 25 

material. The body fluid sample may be assayed without prior separation of the neuroleptic 
drug therefrom, i.e. blood plasma or blood serum for example may be directly assayed to 
determine the neuroleptic drug level therein. 

The source of the dopamine receptor material can be any animal tissue having a high 
30 concentration of dopamine receptors, for example the caudate nucleus and putamen of 3 0 

brain, the kidney and the superior cervical ganglia, and can be derived from avian or 
mammalian species, for example ox, pig, sheep, rodent or man. Mammalian brain tissue is 
preferred and from a practical standpoint one of the most convenient sources of dopamine 
receptor material is calf brain which is readily obtainable from slaughter houses. 

35 The dopamine receptor material may be used as such or may be fractionated in a 
conventional manner to provide fractions enriched in synaptic membrances, and may be 
washed or unwashed. 

The dopamine receptor material may preferably be sold as a conventional freeze-dried 
(lyophilized) preparation in a test tube and may be coupled to the interior of the test tube so 

40 that binder and drug may be easily added to it. 4 0 

As the radiactive dopamine receptor binder, radioactive labelled compounds such as 
haloperidol, benperidol, pimozide, chlorpromazine, flupenthixol, spiroperidol (spiperone), 
clozapine, thioridazine, trifluoperazine, fluspirilene, clopenthixol, loxapine, periphena-
zine, dopamine, apomorphine, analogues of dopamine and others having the dopamine 

45 receptor binding properties exhibited by these compounds may be used. 4 5 

In principle these compounds are conventionally labelled with any radionuclide in the 
manner well known in the prior art. A listing of the radionuclides which are now 
conventionally in use in reagents and which may be used in this invention is in the Index of 
Radionuclides found on page 80 of the 1975 Catalogue of New England Nuclear 

50 Corporation, Boston, Massachusetts, U.S.A. Among the radionuclides which are preferred 
in this invention the following may be mentioned: hydrogen-3 (tritium) and the 
radioisotopes of iodine f123I, 124I, 125I,126I, 128I, 129I, 130I, and 132I) with d s I and 131I 
being the preferred and I most preferred from considerations of availability , half life and 
specific activity and the ability of radioactive iodine compounds to be readily counted using 

55 a conventional gamma counter usually available in hospitals and sold by Packard 
Instruments or others. 

The membranes (dopamine receptor material) can be incubated at various temperatures 
for various periods of time with an appropriate ligand (dopamine receptor binder). 
Typically 3H-benperidol of high specific radioactivity (New England Nuclear, Boston, 

60 Mass.) is incubated with calf caudate nucleus membranes in a buffer solution, preferably at 
a pH of 6 to 9, more preferably 7.1 to 7.9 and optimally 7.4 to 7.7, at 37°C. for 10 minutes 
and the mixture then filtered under vacuum through Whatman (Trade Mark) GF/B filters 
with two 5 ml. rinses of cold buffer. The filters can be counted in a liquid scintillation 
counter such as Packard Instruments auto gamma scintillation spectrometer model 5260. , , 

65 Specific binding to the dopamine receptor is determined as the excess over blanks taken in 
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the presence of 1 | iM dopamine or 10 |xM (+)-butaclamol, though blank values can be 
obtained using a variety of other agents that bind to the dopamine receptor. The ligand can 
be any radioactive dopamine agonist or antagonist or mixed agonist-antagonist. 

Body fluid samples, for example urine, saliva, cerbrospinal fluid, blood plasma or blood 
5 serum, supposedly containing one or more neuroleptics, are added to these assays. The 5 

fluid samples can be added without any prior purification. The neuroleptics may however, if 
desired, be initially purified or concentrated by any of numerous chemical techniques 
including solvent extraction, column chromatography, adsorption onto specially treated 
fibres or other chemical substances, or by any other chemical procedure which may help 

10 purify the neuroleptic or concentrate it. The neuroleptic drug content of the sample is 10 
quantified by the extent to which it decreases binding to the dopamine receptor of the 
labelled ligand. The values can be quantified in any convenient units. The incubation 
mixture for the receptor binding can include any of numerous additives to facilitate binding 
or to protect the drugs or labelled ligands. The duration of the incubation and its 

15 temperature can vary and involve any convenient period, though it is usually best to 15 
conduct the incubation to equilibrium: a suitable time for incubation could be anywhere 
from 2 minutes to 4 hours. Receptor bound ligand can be trapped by filtration, 
centrifugation or any other known technique which separates bound from unbound ligand. 

I t should be understood that suitable filter material other than that previously mentioned 
20 may also be used provided i t wil l permit the retention of the large sized dopamine receptor 20 

material having bound radioactive binder and neuroleptic drug while being able to separate 
the unbound radioactive binder (ligand) and free neuroleptic drug. Examples of such other 
suitable filter material include Mill ipore (Trade Mark) filters of various sizes, for example 
those having 0.6 micron diameter pore size. 

25 The dopamine receptor material is preferably buffered during the incubation by a 25 
buffering solution such as Tris-HCl buffer (Sigma Labs., St. Louis, Mo.) having a p H of 
7.7. Other suitable buffering solutions include sodium phosphate buffer, glycine buffer and 
HEPES buffer and others which wil l provide the preferred pH (6 to 9) in the incubation 
mixture to permit rapid binding of the radioactive dopamine receptor binder and the 

30 neuroleptic drug to the dopamine receptor material. 30 

Thus this invention provides inter alia a new and improved method for the assay in body 
fluids of human origin of neuroleptic drugs such as haloperidol, pimozide, chlorpromazine, 
fluphenazine, flupenthixol, spiroperidol (spiperone), clozapine, thioridazine, trifluoper-
azine, fluspirilene, clopenthixol, loxapine and others which are known in the art as 

35 competitors of dopamine. 35 
In particular the method is easily practiced by preparing a mixture of radioactive 

dopamine receptor binder, body fluid for example blood serum, blood plasma or urine, and 
dopamine receptor material; measuring the radioactivity (counts) of the binder attached to 
the dopamine receptor material; and then deriving the concentration of the neuroleptic 

40 drug from a standard curve which indicates the concentration of neuroleptic drug vs. 40 
inhibition of binding of the radioactive dopamine receptor binder to the dopamine receptor 
material caused by the neuroleptic drug in the body fluid. 

I t has been discovered that the concentration of body fluids such as blood plasma or 
blood serum in the assay is most preferably no greater than about 15% of the total assay 

45 volume of ingredients in the test tube. Concentrations of plasma or serum in excess of about 45 
15% inhibit markedly binding of 3H-ligands to the dopamine receptor even without any 
drug present; optimally the concentration of plasma or serum should be about 10% or less. 
Concentrations in excess of about 15% may affect the validity of the assay test results. As 
used herein the total assay volume of ingredients means the sum of ingredients in the test 

50 tube and the like prior to washing and adding scintillation fluid. 50 
I t as at this time preferred that the amount of body fluid such as blood plasma and blood 

serum used in the test be greater than about one microlitre, however this amount is not 
critical and may change as improved instrumentation or manipulative techniques are 
developed. 

55 A test kit of value in the performance of the assay described herein comprises 55 
a) a first sealed vessel containing a dopamine receptor material; and 
b) a second sealed vessel containing a radioactive dopamine receptor binder, 

the contents of each of the vessels optionally being in a lyophilised state. 
The dopamine receptor material and the radioactive dopamine receptor binder may be 

60 chosen from the possible identities therefor respectively recited hereinabove. In particular 60 
may be mentioned a kit wherein the dopamine receptor material is derived from calf brain, 
for example calf caudate nucleus, and wherein the radioactive dopamine receptor binder is 
3H-spiroperidol (3H-spiperone) (available from for example The Radiochemical Centre 
Limited, Amersham, England). 

65 Advantageously such a test kit also comprises a third sealed vessel (c) containing a 65 
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standard solution of a neuroleptic drug selected from those recited hereinabove, for 
example haloperidol, and optionally a fourth sealed vessel (d) containing a buffer solution. 

In further aspects therefore the present invention provides:-
(a) a test kit as above described; 

5 (b) a composition of matter comprising: 5 
(i) a radioactive dopamine receptor binder; 
(ii) a neuroleptic drug; 
(iii) a dopamine receptor material; and 
(iv) a human body fluid, for example selected from blood serum, blood plasma, 

10 urine, saliva and cerebrospinal fluid and preferably selected from blood plasma and 10 
blood serum; and 

(c) a container having located therein a composition of matter as defined in (b) above. 
The following Examples are provided by way of illustration of the present invention and 

should not be construed as in any way constituting a limitation thereof. All temperatures 
15 are in degrees Celsius. 15 

EXAMPLE 1 
To each of triplicate groups of nine test tubes there was added 1.8 millilitres of dopamine 

receptor material (tissue preparation) comprising rat striatum prepared by the method of 
20 Creese et al., Life Sciences, 17, pp. 993-1002, and 10,000 c.p.m. of 3H-haloperidol of 20 

specific activity 8.302 ci/mmol. (New England Nuclear Corporation, Boston, Mass., USA) 
and various samples each of 100 in numbered test tubes as follows:-

Test Tube No. 
25 (1) 100 [il. of Tris-HCl buffer (pH 7.7 at 25°C) (same buffer as disclosed in Creese et al., 25 

Life Sciences, 17, pp. 993-1002) with 10~SM. haloperidol. 
(2) 100 human blood serum (K-N Enterprises, 7346 N. Montecello Avenue, Skokie, 

Illinois, USA). 
(3) ten-fold dilution of said human serum using said Tris-HCl buffer. 

30 (4) ten-fold dilution of the contents of test tube No. 3 in said Tris-HCl buffer as 30 
described. 

(5) ten-fold dilution of the contents of test tube No. 4 in said Tris-HCl buffer as 
described._ 

f6) 10 5M. haloperidol in 100 |xl of human serum as described above. 
35 (7) ten-fold dilution of the contents of test tube No. 6. 35 

(8) ten-fold dilution of the contents of test tube No. 7. 
(9) ten-fold dilution of the contents of test tube No. 8. 
All samples were diluted by adding of said Tris-HCl buffer to a volume of 1 ml. 
All tubes were now incubated (to permit bindng of haloperidol and radioactive 

40 haloperidol to the rat tissue) in a water bath at 37°C for ten (10) minutes. At the end of the 40 
ten minutes, the contents of each tube was filtered under vacuum through a Whatman 
(Trade Mark) GF/B glass fibre filter as in Creese et al., Life Sciences, 17, pp. 993-1002. 
Filters were now washed two times with 5 ml. ice-cold Tris-HCl buffer (pH 7.7) (Sigma 
Labs.). Filters were now placed in scintillation vials with 1 ml. of 1% sodium dodecyl 

45 sulphate solution and left for three hours at room temperature (20°C). 10 mis. Of Brays 45 
Scintillant (New England Nuclear) were now added to each vial and tritium determined by 
scintillation counting using a Packard Instruments Model 5260 Scintillation Counter. 

Figure 1 shows the inhibition of binding of 3H-haloperidol in the rat brain preparation of 
this example caused by human blood serum based on the amount of human blood serum in 

50 r 50 
Figure 2 shows the inhibition of binding of 3H-haloperidol, human blood serum and 

haloperidol at the various concentrations shown. 
In order to determine the concentration of neuroleptic drug (e.g. haloperidol) in the 

serum of a human patient, 100 |xl of serum from such patient separated from the patient's 
55 whole blood in a conventional manner would be assayed by the following procedure. 55 

The 100 ul of serum is mixed and incubated with 20 [xl of 3H-haloperidol (10,000 c.p.m.) 
and 1.8 millilitres of the rat striatum preparation used in this Example while in a test tube 
for 10 minutes at 37°C. Thereafter the contents of the test tube is filtered under vacuum 
through a Whatman (Trade Mark) GF/B glass fibre filter which is then washed twice with 5 

60 ml. of ice-cold Tris-HCl buffer (pH 7.7) as in this Example. Thereafter, percent inhibition 60 
of 3H-haloperidol binding is determined by placing the washed filter in a scintillation vial 
with 1 millilitre of 1 percent sodium dodecyl sulphate solution which is then left for three 
hours at room temperature (20°C). Thereafter Bray's Scintillant (10 ml) is added and 
tritium determined using a scintillation counter as above. 

65 The concentration of haloperidol in the serum is then determined by reference to Figure 2 65 
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standard curve. For example, i f in the absence of patient's serum 10,000 c.p.m. of 
3H-haloperidol bound to the dopamine receptor material was measured and in the presence 
of patient's serum 2,000 c.p.m. of 3H-haloperidol was measured, this would indicate 80% 
inhibition by haloperidol drug from the patient's serum. 

5 The concentration of such drug in the patient's serum can then be directly read from the 5 
standard curve Figure 2. In this case the concentration of haloperidol drug equivalents in 
the serum would be approximately 6 x 10 - 9 M which is the value obtained by reading the 
20% control figure (80% inhibition) at the vertical axis as shown by the dotted line and then 
reading the haloperidol concentration from the horizontal axis of Figure 2. 

10 Using such information the physician wil l be able to ascertain if the drug level in the 10 
patient is within the desired therapeutic range. 

I t should be understood that if the concentration of one of the neuroleptics previously 
mentioned is to be determined, then a standard curve as Figure 2 would be obtained as 
disclosed herein in this Example by combining the other drug e.g., pimozide with 

15 3H-haloperidol, serum and dopamine receptor material e.g., rat striatum. The results can 15 
obviously be expressed as pimozide equivalents, haloperidol equivalents, dopamine 
blocking capacity or in any other way that pleases the user. 

Thus it should be observed that a single radioactive dopamine receptor binder e.g., 
3H-haloperidol can be used to generate all standard curves. 

20 20 
E X A M P L E 2 
(A) Procedure for extraction of neuroleptics from plasma 

Add two ml. of blood plasma containing drug to 8 ml. of heptane with 5% isoamylalcohol 
in 15 ml. glass conical extraction tubes and vortex for 10 seconds. 

25 Add 0.1 ml. 10 N sodium hydroxide. Then, pack the tubes in ice and shake on a 25 
mechanical shaker for 1 hour at moderate speed, and centrifuge for 10 minutes at 1,000 g. 

Remove 6 ml. of the organic phase and add it to a tube containing 1.5 ml. freshly 
prepared 0.1% ascorbic acid. Shake in a mechanical shaker for 1 hour, then centrifuge at 
1,000 g. for 10 minutes. 

30 Remove the organic layer entirely. The ascorbic acid is assayed straight, and with 30 
ascorbic acid dilutions of 1:3 and 1:10. A n emulsion layer wil l often form between the 
ascorbic acid and the heptane: this can be reduced by placing the extraction tube in warm 
water for a short period of time. 

To determine the actual recovery of the specific drug from the extraction, 20 [xl. of 
35 10_ 5M drug are added to 2 ml. drug-free blood plasma, giving an actual plasma 35 

concentration of 10_7M. The plasma is then incubated at 37°C. for 10 minutes, followed by 
addition of 8 ml. heptane with 5% isoamylalcohol and extracted as above. 

Each assay is run with a standard curve for the specific drug. Several known 
concentrations of drug (e.g., 3 x 10~10; 10~9; 3 x 10~9; 10 -8) are placed in assay tubes 

40 instead of the ascorbic acid extracts and run as described below. 40 

(B) Receptor binding assay of plasma extracts 
(1) 100 |xl of 3H-haloperidol (approximately 8,000 c.p.m./100 |il.) added to assay tubes. 
(2) 100 [il. of standard drug solutions added. 

45 <3) 100 [xl. of plasma extracts (straight, 1:3, 1:10 or 1:30 dilution) added. 45 
(4) Rat striatum tissue homogenized in 100 vols, of 0.05M Tris-HCl buffer, pH 7.7, and 

centrifuged for 10 minutes at 15,000 g. 
(5) Supernatant discarded. Pellet resuspended by sonication in 100 vols, of 0.05M 

Tris-HCl, p H 7.7, and recentrifuged for 10 minutes. 
50 (6) Supernatant discarded. Pellet resuspended by sonication in 0.05M Tris-HCl buffer 50 

containing 0.1% ascorbic acid, IOjiM pargyline, 120 mM sodium chloride, 5mM potassium 
chloride, 2mM calcium chloride and l m M magnesium chloride, final p H 7.1- at 27°C., to 
give a tissue concentration of 8 mg/ml. 

(7) 0.8 ml. Of this homogenate added to tubes and incubated for 10 minutes at 37°C. 
55 (8) Incubates filtered by vacuum through Whatman (Trade Mark) GF/B filters followed 55 

by 3 washes with the ice-cold Tris-HCl buffer. 
(9) Filter, then put into plastic scintillation vials containing 9.0 ml. of formula 947 (New 

England Nuclear) scintillation cocktail. 
(10) Vials counted, 2 minutes each. 

60 (11) Values are read off a standard curve as in Figure 3. 60 

EXAMPLE 3 
Thirty |xl. aliquots of plasma samples (previously frozen at -20°C) from six patients 

undergoing haloperidol treatment were assayed in the radioreceptor assay with 3H-
65 haloperidol as ligand according to a modification of Example 1 as follows. 65 
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A standard curve of 3H-haloperidol displacement was constructed from known amounts 
of haloperidol in the presence of control plasma. 

Fresh rat striatum was sonicated in 100 volumes (w/v) 50 mM Tris buffer (pH 7.7 at 25°C) 
with a Sonifier, setting 4 for 30 seconds. The homogenate was centrifuged twice at 50,000 x 

5 g for 10 minutes (Sorvall RC2-B) with rehomogenization of the intermediate pellet in fresh 5 
buffer. The final pellet was resuspended in 125 volumes of freshly prepared 50 mM Tris 
buffer containing 0.1% ascorbic acid, 10 |xM pargyline, 120 mM sodium chloride, 5 mM 
potassium chloride, 2 mM calcium chloride and 1 mM magnesium chloride to give a final 
pH of 7.1 at 27°C. The tissue suspension was preincubated at 37CC. for 10 minutes and 

10 returned to ice for use in the assay. 3H-Haloperidol (15 Ci/mmole, New England Nuclear) 10 
was diluted to 1 nM in fresh 0.1% ascorbic acid. Glass 12 x 75 mm. incubation tubes 
received, in order, 15 [xl. plasma, 100 [xl. 3H-ligand, 100 (xl. drug for standard curve or 
dopamine for blanks or the drug solvent in 0.1% ascorbic acid, and tissue suspension to 1 
ml. total volume. The tubes were incubated at 37°C. for 10 minutes, and rapidly filtered 

15 under vacuum through Whatman (Trade Mark) GF/B filters with three 5 ml. rinses of 15 
ice-cold 50 mM Tris buffer, pH 7.7 at 25°C. 3H-Ligand trapped on the filters was counted by 
liquid scintillation spectrometry after remaining overnight in scintillation vials containing 
NEN formula 947 (New England Nuclear, Boston) or Hydromix fluor (Yorktown 
Laboratories). A standard displacement curve for the drug under study was determined in 

20 the presence of equal volumes of control plasma with final concentrations of the drug 20 
one-third, 3-times or the same as its Ki value determined previously. A log probit plot was 
used to convert the displacement curve to a straight line and percent inhibition of 3H-ligand 
binding was converted to molar drug concentration. 

The results are shown in Table 1. 
25 25 

EXAMPLE 4 
Five neuroleptic drugs were preincubated with serum for 10 minutes at 37°C., to provide 

time for binding to serum proteins, and subsequently assayed for neuroleptic levels. 
Haloperidol (0.1 [xM), fluphenazine (0.1 piM), trifluoperazine (0.1 |xM), chlorpromazine (1 

30 nM) and thioridazine (1 [xM) were all fully recovered in the neuroleptic radioreceptor assay 30 
with respective values of 0.11 ± 0.02 |xM (n = 6), 0.12 ± 0.01 ±M (n = 10), 0.16 ± 0.2 [xM 
(n = 6), 1.0 ± 0.1 [xM (n = 9), and 1.1 ± 0.2 |xM (n = 6). To examine the recovery of 
neuroleptic drugs from the blood of patients treated in vivo, blood levels in 4 patients 
receiving oral doses of haloperidol were measured both after extraction into organic solvent 

35 35 
TABLE 1 

Radioreceptor assay values for plasma levels of haloperidol 
(Example 3) 

40 40 
Dose level of Haloperidol 
haloperidol plasma level 

Patient No. (mg/day) (ng./ml.) 

45 1 20 27 45 

2 20 29 

3 10 21 
50 50 

4 20 31 

5 10 22 

55 6 20 29 55 

(heptane/5% isoamylalcohol, back extracted into 0.1% ascorbic acid) which should remove 
all drug bound to serum protein, and by adding serum directly to the binding assay as in the 

60 above method. Plasma drug levels ranged between 10 and 350 nM and agreed within a 60 
mean of 10% whether assays were conducted with or without extraction. This shows that, 
unexpectedly, neuroleptic drugs are loosely bound to plasma protein so that they are 
available for interaction with the dopamine receptor material as needed in the present 
assay. 
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W H A T WE C L A I M IS:-
1. A method for the assay of neuroleptic drugs comprising the steps of 
(a) incubating together a dopamine receptor material, a radioactive dopamine receptor 

binder, and a sample of human body fluid; 
5 (b) measuring the percent inhibition of the binding of the radioactive compound to the 5 

dopamine receptor material; and 
(c) determining the neuroleptic drug concentration in the body fluid using the percent 

inhibition measurement. 
2. A method according to claim 1 wherein the dopamine receptor material is derived 

10 from mammalian brain tissue. 10 
3. A method according to claim 2 wherein the dopamine receptor material is derived 

from calf caudate nucleus tissue. 
4. A method according to any of claims 1 to 3 wherein the radionuclide moiety of the 

radioactive dopamine receptor binder is tritium. 
15 5. A method according to any of claims 1 to 3 wherein the radionuclide moiety of the 15 

radioactive dopamine receptor binder is a radioisotope of iodine. 
6. A method according to claim 5 wherein the radioisotope is selected from 125I and 

7. A method according to claim 5 wherein the radioisotope is 125I. 
20 8. A method according to any of claims 1 to 7 wherein the radioactive dopamine 20 

receptor binder is a compound selected from haloperidol, benperidol, pimozide, 
chlorpromazine, flupenthixol, spiroperidol, clozapine, thioridazine, trifluoperazine, flus-
pirilene, clopenthixol, loxapine, perphenazine, dopamine and apomorphine, labelled with 
a radionuclide. 

25 9. A method according to any of claims 1 to 3 wherein the radioactive dopamine 25 
receptor binder is selected from H-benperidol, 3H-haloperidol and 3H-spiroperidol. 

10. A method according to any of claims 1 to 3 wherein the radioactive dopamine 
receptor binder is 3H-spiroperidol. 

11. A method according to any of claims 1 to 10 wherein the human body fluid is 
30 selected from blood serum, blood plasma, urine and cerebrospinal fluid. 30 

12. A method according to any of claims 1 to 10 wherein the human body fluid is 
selected from blood serum and blood plasma. 

13. A method according to any of claims 1 to 12 wherein in step (a) the human body 
fluid comprises no more than 15% of the total assay volume of ingredients. 

35 14. A method according to any of claims 1 to 12 wherein in step (a) the human body 35 
fluid comprises 10% or less of the total assay volume of ingredients. 

15. A method according to any of claims 1 to 14 wherein step (a) is effected in the 
presence of a buffer solution providing a pH in the range 6 to 9. 

16. A method according to any of claims 1 to 15 wherein step (a) is effected at 37°C. 
40 17. A composition of matter comprising:- 40 

(i) a radioactive dopamine receptor binder; 
(ii) a neuroleptic drug; 
(iii) a dopamine receptor material; and 
(iv) a human body fluid. 

45 18. A composition according to claim 17 wherein the dopamine receptor material is 45 
derived from mammalian brain tissue. 

19. A composition according to claim 18 wherein the dopamine receptor is derived from 
calf caudate nucleus tissue. 

20. A composition according to any of claims 17 to 19 wherein the radionuclide moiety 
50 of the radioactive dopamine receptor binder is tritium. 50 

21. A composition according to any of claims 17 to 19 wherein the radionuclide moiety 
of the radioactive dopamine receptor binder is selected from 125I and 131I. 

22. A composition according to any of claims 17 to 21 wherein the radioactive 
dopamine receptor binder is a compound selected from haloperidol, benperidol, pimozide, 

55 chlorpromazine, flupenthixol, spiroperidol, clozapine, thioridazine, trifluorperazine, flus- 55 
pirilene, clopenthixol, loxapine, perphenazine, dopamine and apomorphine, labelled with 
a radionuclide. 

23. A composition according to any of claims 17 to 19 wherein the radioactive 
dopamine receptor binder is selected from 3H-benperidol, 3H-haloperidol and 3H-

"0 spiroperidol. 60 
24. A composition according to any of claims 17 to 19 wherein the radioactive 

dopamine receptor binder is 3H-spiroperidol. 
25. A composition according to any of claims 17 to 24 wherein the human body fluid is 

selected from blood serum and blood plasma. 
26. A composition according to any of claims 17 to 25 wherein the neuroleptic drug is "5 
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selected from haloperidol, pimozide, chlorpromazine, fluphenazine, flupenthixol, spiroper-
idol, clozapine, thioridazine, trifluoperazine, fluspirilene, clopenthixol and loxapine. 

27. A composition according to any of claims 17 to 26 comprising in addition a buffer 
solution providing a pH in the range 6 to 9. 

5 28. A container having located therein a composition according to any of claims 17 to 5 
27. 

29. A test kit comprising: 
fa) a first sealed vessel containing a dopamine receptor material; and 
(b) a second sealed vessel containing a radioactive dopamine receptor binder, 

10 the contents of each of the vessels optionally being in a lyophilised state. 10 
30. A test kit according to claim 29 wherein the dopamine receptor material is derived 

from mammalian brain tissue. 
31. A test kit according to claim 30 wherein the dopamine receptor material is derived 

from calf caudate nucleus tissue. 
15 32. A test kit according to any of claims 29 to 31 wherein the radionuclide moiety of the 15 

radioactive dopamine receptor binder is tritium. 
33. A test kit according to any of claims 29 to 31 wherein the radionuclide moiety of the 

radioactive dopamine receptor binder is selected from 125I and 131I. 
34. A test kit according to any of claims 29 to 33 wherein the radioactive dopamine 

20 receptor binder is a compound selected from haloperidol, benperidol, pimozide, 20 
chlorpromazine, flupenthixol, spiroperidol, clozapine, thioridazine, trifluoperazine, flus-
pirilene, clopenthixol, loxapine, perphenazine, dopamine and apomorphine, labelled with 
a radionuclide. 

35. A test kit according to any of claims 29 to 31 wherein the radioactive dopamine 
25 receptor binder is selected from 3H-benperidol, 3H-haloperidol and 3H-spiroperidol. 25 

36. A test kit according to any of claims 29 to 31 wherein the radioactive dopamine 
receptor binder is 3H-spiroperidol. 

37. A test kit according to any of claims 29 to 36 comprising in addition a third sealed 
vessel containing a standard solution of a neuroleptic drug. 

30 38. A test kit according to claim 37 wherein the neuroleptic drug is selected from 30 
haloperidol, pimozide, chloropromazine, fluphenazine, flupenthixol, spiroperidol, cloza-
pine, thioridazine, trifluoperazine, fluspirilene, clopenthixol and loxapine. 

39. A test kit according to claim 37 wherein the neuroleptic drug is haloperidol. 
40. A test kit according to any of claims 29 to 39 comprising in addition a fourth sealed 

35 vessel containing a buffer solution. 35 
41. A test kit according to claim 40 wherein the buffer solution provides a pH in the 

range 7.1 to 7.9. 
42. A method for the assay of neuroleptic drugs substantially as hereinbefore described 

with reference to the accompanying Examples. 
40 43. A composition of matter, substantially as hereinbefore described with reference to 40 

the accompanying Examples, comprising: 
(i) a radioactive dopamine receptor binder; 
(ii) a neuroleptic drug; 
(iii) a dopamine receptor material; and 

45 (iv) a human body fluid. 45 

L.D. JENKINS, 
Agent for the Applicants, 
Chartered Patent Agent. 
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