
PATENT SPECIFICATION (ii) 1 594 312 
r * 
i -H 
m 

r t 
OS 
I f i 

(21) Application No. 2164/78 (22) Filed 19 Jan. 1978 
(23) Complete Specification Filed 31 May 1978 
(44) Complete Specification Published 30 Jul. 1981 
(51) INT. CL.3 G01N 33/48 
(54) Index at Acceptance 

GIB BR 
(72) Inventors: CLAUS BRAESTRUP 

RICHARD FELT SQUIRES 

(54) ASSAYING OF DRUGS IN BODY FLUIDS 

(71) We, A/S FERROSAN, a Danish Company, of 5, Sydmarken, DK-2860 S0borg, 
Denmark, do hereby declare the invention, for which we pray that a patent may be granted 
to us, and the method by which it is to be performed, to be particularly described in and by 
the following statement:-

5 This invention relates to ways and means of determining the concentrations in the blood 5 
or other body fluids after the administration of benzodiazepine drugs. 

The invention is based upon the discovery that brain tissue has binding sites or receptors 
which are specific for benzodiazepine drugs, and that this property can be used for assaying 
the concentrations of such drugs in the body fluids after administration of the drugs. 

10 Thus, a class of membrane-bound, brain-specific receptors exists which is able to 10 
selectively recognize the pharmacologically active benzodiazepines of musclerelaxant, 
anxiolytic, anticonvulsant and psycho-relaxant properties, and no other class of drugs. 

It has been found that some tritium labelled benzodiazepines, as e.g. 7-chloro-l,3-
dihydro-l-methyl-5-phenyl-2H-l,4-bezodiazepin-2-one (diazepam), in the following refer-

15 red to as 3H-DM, and 7-nitro-l,3-dihydro-l-methyl-5-(2-fluorophenyl)-2H-l,4- 15 
benzodiazepin-2-one (flunitrazepam), in the following referred to as 3H-FNM, bind 
reversibly, but with high affinity to the said receptors or binding sites, and that all of the 
clinically active benzodiazepines are able at low concentrations to displace 3H-DM and 
3H-FNM from these binding sites. 

20 The replacement of labelled molecules with unlabelled ones proceeds to an equilibrium, 20 
depending on the concentration of the unlabelled drug in the test sample. 

A major object of the invention is thus to provide a process and means for determining 
the total concentration in the blood or other body fluids, or in the urine of human beings or 
test animals, after administration of any psychotropically active benzodiazepine. 

25 The invention thus provides, in general terms, a process for determining the 25 
concentration of a psychotropically active benzodiazepine drug in a body fluid or urine, 
including bringing a sample of the fluid or urine into contact with brain tissue and with 
tritium labelled molecules of a benzodiazepine which can bind reversibly to receptors of the 
brain tissue to induce binding of molecules of the unlabelled drug and of the tritium labelled 

30 benzodiazepine to the receptors, and determining the radioactivity of the brain tissue, 30 
preferably by scintillation counting. 

More particularly, the concentrations are determined by comparing the scintillations, 
resulting from the brain tissue in contact with the tritium labelled molecules, with the 
scintillations counted after the thus labelled brain tissue has been contacted with the sample 

35 in which the drug is to be determined, with due regard to the scintillation caused by 35 
background radiation. 

For the carrying out of the process, a dry, stable powder is produced from brain tissue 
containing the stabilized benzodiazepine receptor, the said powder being in a form which is 
easily manipulated, and which rapidly forms a homogenous suspension in an aqueous 

40 medium. 40 
The powder is contacted with a suitable tritium labelled ligand, e.g. 3H-FNM, which 

binds reversibly to the receptor or binding sites with very high affinity (the affinity constant 
K d being about 1 nanomolar). The use of 3H-FNM as the ligand is preferred, since, 
contrary to 3H-DM, the binding thereof to the receptor is not substantially influenced by 

45 variations in temperature, when contacting it with the brain tissue, or by the presence of 45 
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drugs other than the clinically active benzodiazepines in the samples to be assayed. 
In the assaying, a small sample, e.g. a 50|il sample, of whole blood (fresh, heparinized, 

frozen) is rapidly mixed with a portion of buffered benzodiazepine receptor suspension, 
containing a suitable concentration, e.g. being 1-5 nanomolar, of 3H-FNM. After a short 

5 incubation, e.g. for 30 minutes, at room temperature, the mixture is rapidly filtered on a 5 
Whatman (Registered Trade Mark) glassfibre filter or filters (GB/C filters), the filters being 
washed with a small portion, e.g. 10 ml, of the buffer, after which the whole filter with its 
contents of tissue-bound 3H-FNM is placed in a scintillation vial and counted by 
conventional scintillation counting. The presence of unlabelled benzodiazepine in the blood 

10 sample will result in a decreased amount of tritium labelled benzodiazepine collected on the 10 
filters, and comparative scintillation counts thus allow for determining the content of 
unlabelled benzodiazepine in the sample. 

For the comparison, the displacing effect of known quantities of unlabelled benzodiaze-
pins is used as a standard, and the assay procedure is thus analogous to Radio Immune 

15 Assays. 15 
L-tryptophan may be added to the receptor suspension, because it competes with 

benzodiazepines in binding to serum albumin, but not to the receptor. 
For the preparation of the receptor tissue powder, brain tissue from e.g. ox, pig or sheep 

can be used, and the preparation is illustrated by the following. 
20 Bovine brain tissue, preferably cortex, is homogenized in about 3 volumes of iced 1M 20 

sucrose, using an Ultra Turrax (Registered Trade Mark) or equivalent homogenizer. The 
homogenate is then freeze-dried without further fractionation. The freeze dried product, 
being porous and friable, is pulverized. 

The specific 3H-FNM binding activity of the powder keeps stable at room temperature 
25 for at least three months. At lower temperature, the stability is greatly increased, so that 25 

half-lives of the specific binding activity can be extended to several months or even years. 
A kit for the determination of the contents of therapeutically active benzodiazepines in 

blood and other biological fluids could comprise: 
1) a suitable amount of freeze-dried brain powder, 

30 2) a vial containing an ethanolic solution of 3H-FNM or 3H-DM, 30 
3) a buffer solution for diluting the said solution (to about ten times the original 

volume), and 
4) unlabeled flunitrazepam, lorazepam (7-chloro-5-(2-ch!orophenyl)-3-hydroxy-2,3-

dihydro-lH-l,4-benzodiazepin-2-one) or diazepam for blanks and for preparing standard 
35 curves. 35 

Thus, the materials for performing about 25 analyses could comprise: 
(a) A 25 mM solution of a sodium phosphate buffer, pH 7.0 (Solution I) 
(b) A 3H-DM or 3H-FNM stock solution, e.g. a 3H-DM solution containing 8.24 X 

1 0 " " moles of 3H-DM in 1 ml of 93% ethanol (Solution Ila). The solution Ila is to be 
40 diluted with solution I in the ratio of 1 ml of Ila to 7.5 ml of I immediately before use. The 40 

thus diluted solution (Solution II) is stable for 7 days at 4°C. 
(c) About 0.3 g of the receptor powder, prepared as hereinbefore described, suspended 

in 30 ml of solution I (Suspension III). 
(d) A standard solution (IV) containing 20 ng/ml of lorazepam, and prepared by 

45 dilution with the buffer I of 0.5 ml of 93% ethanolic solution (I Va) of lorazepam, containing 45 
1 (ig/ml of lorazepam, to a volume of 25 ml. 

The assaying is performed as follows: 
To 15 ml test tubes, each containing 400 |il of the receptor suspension III, are added 100 

|il of 3H-DM (II) or 3H-FNM and 50 |il of the sample, or 50 of the standard solution IV. 
50 The tubes are incubated in an ice bath (3H-DM), or at room temperature (3H-FNM) for at 50 

least 20 minutes and maximum 2 hours. Then, 10 ml of isothermic I are added, and the 
mixture is immediately filtered through a Whatman GF/C glassfibre filter and washed with 
10 ml of isothermic buffer solution I. 

The washed filter is placed in a scintillation vial, containing 5 ml of conventional 
55 scintillation fluid, and counted shortly after for 0.5 minute, or better next day for 5 minutes. 55 

For the preparation of a standard curve, a series of dilutions of the lorazepam standard 
solution (IV) is prepared by diluting with the buffer I, and assaying is performed in 
duplicate with 50 jil of each of these dilutions, being added to the test tubes, each of which 
contains 400 |il of the suspension III and 100 |il of the solution II. 
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T h e results are tabula ted below. 

T A B L E 

5 Tube No. Kind Addition 
50 |i/ of 

Counts 
per 
minute 

^o'^blank 

^x'Cblank 

10 

15 

20 

25 

30 

1 - 2 control I 2790 -

3 - 4 blank IVa 156 -

5 - 6 sample drug 250 ng/ml 402 12.51 

7 - 8 H drug 125 ng/ml 601 6.87 

9 - 10 t/ drug 62.5 ng/ml 944 3.86 

11 - 12 control I 3104 -

13 - 14 " I 3500 -

15 - 16 blank IVa 164 -

17 - 18 sample drug 25 ng/ml 1477 2.30 

19 - 20 it drug 12.5 ng/ml 1910 1.73 

21 - 22 ir drug 6.25 ng/ml 2313 1.41 

23 - 24 control I 3353 _ 

10 

15 

20 

25 

30 

35 

40 

T h e figures in the column to the right are arrived at as follows: 
T h e average of counts ct) f rom the controls is 3187 f rom which is subtracted the average of 

the counts f r om the blanks, which is 160, to give c t )-cb l a n k . 
The counts cx f rom each sample also has to be reduced by the average counts f r om the 

blanks, resulting f rom background radiation, to give cx-cb l a n k . 
In the accompanying drawing, the test results are plotted as 

35 

40 

versus the concentrat ion of lorazepam, and the s tandard curve, therefore , can be used for 
45 quantitative determinat ion of the benzodiazepine contents of samples. 45 

W H A T W E C L A I M IS:-
1. A process for determining the concentrat ion of a benzodiazepine drug in a body fluid 

or urine, comprising bringing a sample of the fluid or urine into contact with brain tissue 
and with tritium labelled molecules of a benzodiazepine which can bind reversibly to 

50 receptors of the brain tissue to induce binding of molecules of the unlabelled drug and of 5 0 
the tritium labelled benzodiazepine to the receptors , and then determining the radioactivity 
of the brain tissue. 

2. The process of claim 1, in which the radioactivity is determined by scintillation 
counts. 

55 3. The process of claim 1 or 2, in which bovine brain tissue is used in the fo rm of a 55 
homogenized and freeze-dried product . 

4. T h e process of any of Claims 1 to 3, in which tritium labelled diazepam or tritium 
labelled f luni t razepam is used fo r impart ing radioactivity to the brain tissue. 
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5. A process for determining the concentration of drugs in a body fluid or urine, 
substantially as herein described and illustrated. 

M.J. STEPHENS & CO., 
Chartered Patent Agents, 

Royal Building, 
11 St. Andrew's Cross, 

Plymouth PL1 2DS. 
Agents for the Applicants. 
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which copies may be obtained. 
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