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(71) We, THE UPJOHN COMPANY, a 
corporation organized and existing under die 
laws of the State of Delaware, United States 
of America, of 301 Henrietta Street, 
Kalamazoo, State of Michigan, United States 
of America, do hereby declare the inven-
tion, 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: — 

Diagnostic tests have become an indis-
pensable tool of a physician's armamentarium. 
Many diseases and conditions are accompanied 
by subtle changes in the body's physiology, 
particularly in concentrations of compounds 
associated with the condition. Examples of 
such compounds are catecholamines having 
the formula 

: z q - r 1 

wherein R is the amine function of the par-
ticular compound. The significant catechol-
amines found naturally in the body are epine-
phrine (hereafter referred to as E) wherein R 
is —CHOH—CH^-NHCHj; norepinephrine 
(hereafter referred to as NE) wherein R is 
—CHOH—CH2—NH2; and dopamine (here-
after referred to as DA) wherein R is 
—CH2—CH2—NH2. These catecholamines 
are found in various tissues of the body in-
cluding, inter alia, blood, urine, cerebrospinal 
fluid, and brain tissue. The quantities of 
these compounds are extremely small. For 
example, in blood serum, E and NE are 
present in picogram (lCh12) quantities. 

In recent years there has been substantial 
interest in measuring catecholamine levels in 
mammalian systems. Catecholamine levels are 
significantly increased when pheochromo-
cytomas are present. The catecholamine levels 
are influenced by the presence of other 
tumours, such as neuroblastoma, which affect 
the central nervous system. Knowledge of 
catecholamine levels is of significance in the 
diagnosis and management of hypertension, 
coronary disease, angina pectoris, acute myo-
cardial infarction, and diabetes mellitus. 

An early method for measuring catechol-
amine levels in mammalian systems which was 
sufficiently sensitive to reach the submicro-
gram range was the spectrofluorimetric assay 50 
of Von Euler and Floding (Acta Physiol 
Scand. 33: SuppL 118, 45, 1955). This 
assay was based on the oxidation of NE 
and/or E with ferricyanide or iodine to the 
corresponding trihydroxyindole which in 55 
alkaline solution yields a highly fluorescent 
noradrenolutine or adrenolutine. NE or E 
must be first isolated from the mammalian 
system, for example, blood serum or plasma, 
the supernatant of deproteinized tissue homo- 60 
genate or cerebrospinal fluid, before the assay 
can be done. DA is oxidized by iodine to 
form a dihydroxyindole. The fluorophore 
produced by this derivative is different from 
that of NE or E and is the basis for the 65 
fluorimetric assay (Carlson and Waldeck, 
Acta. Physiol, Scand. 44 : 293, 1958). As 
with NE and E, DA must also be isolated from 
the mammalian system prior to the assay. 

Isolation of the catecholamines from the 70 
supernatant of deproteinized tissue homo-
genate, the blood plasma or the biological 
fluid is generally done by one of two tech-
niques. The first and most widely used isola-
tion technique is the adsorption of catechol- 75 
amines onto neutral alumina at pH 8.4—8.6. 
Catechol containing compounds are adsorbed 
by alumina and noncatechol compounds from 
the mixture are discarded. Catechols are 
removed from the alumina by acid elution. 80 

The second isolation technique employs 
cation exchange chromatography. Owing to 
the ionization of these amines at acidic pH, 
NE, E and DA can be bound to the exchange 
resin and then eluted preferentially by increas- 85 
ing acid strength. 

Both of these isolation processes are quite • 
lengthy and generally do not yield fractions 
which are specific for a particular catechol-
amine. Moreover, the spectrofluorimetric 90 
assay systems are relatively insensitive for the 
needs of the investigator. For NE and E a 
sensitivity of approximately 50—500 nano-
grams is obtained. Although refinement of 
this method has led to techniques that are 95 
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sensitive to quantities as small as 2 to 3 nano-
grams, the accuracy of assays at this level of 
sensitivity is poor, see Engelman et d. Am. J. 
Med Sci., 255, 259 (1962). The sensitivity 

5 of DA is approximately 500 nanograms. Even 
though it is relatively insensitive, the spectro-
fluonmetric assay, or some adaptation of it, 
is in widespread use for measuring catechol-
amines. 

10 Another method of commercially measur-
ing catecholamine levels is potentially avail-
able. The enzyme catechol-O-methyl trans-
ferase, initially reported and characterized by 
Axelrod and Tochick, /. Bid. Chem., 233, 

15 702, 1958, and hereafter referred to as 
COMT, is an enzyme which transfers a 
methyl group from a donor molecule to a 
catechol nucleus, thereby forming a 3-
methoxy radical, as shown in formula II. 

h : - = Q - « n 

Later investigators using radiotracers and 
other techniques including chromatography 
have related the radiolabelled quantities of 
metanephrine (hereafter referred to as MN) 

25 wherein R in formula I I is as defined for E 
above, normetanephrine (hereafter referred 
to as NMN) wherein R in formula is as 
defined for NE above, and methoxytyramine 
(hereafter referred to as MEOT) wherein R 

30 in formula II is as defined for DA above, to 
the initial quantities of E, NE and DA in 
die mammalian system. 

Engelman et al., Am. J. Med. Sci 255, 259 
(1968) utilized the double isotope dilution 

35 derivative technique with COMT to assay for 
catecholamines, i.e., epinephrine and nor-
epinephrine, in biological specimens. An in-
ternal tracer, 7-H3-norepinephrine was em-
ployed with the methyl donor S - adenosyl -

40 L - methioninemethyl-14C. Prior to assay the 
urine and blood samples were pretreated to 
separate the catecholamines. The urine was 
chromatographed over alumina and the blood 
sample chromatographed over a cation-

45 exchange resin. After incubation of the 
chromatographed samples in the enzymatic 
system, the incubation was stopped and the 
resulting solution treated and chromato-
graphed over a cation exchange resin. The 

50 metanephrines were eluted and oxidized to 
vanillin with periodate. The vanillin was ex-
tracted, purified and counted in a liquid 
scintillation medium. The typical complex 
double isotope measurement and calculation 

55 was required to find the quantity of catechol-
amine present. 

Engelman followed up his earlier work with 
another publication, Engelman et d., Circula-
tion Research, 26, 53, (1970). Modification of 

60 his earlier work now allowed the differential 
measurement of E and NE in the same sample 

of 5 to 10 ml. human blood plasma. The 
same double isotope technique was employed 
as in the previous publication except that the 
MN and NMN are separated with thin layer 65 
chromatography. Tritium labeled tracer quan-
tities of both E and NE were added along 
with 100 jxg. of both MN and NMN. Prior 
to assaying, both plasma and urine samples 
were chromatographed over cation exchange 70 
resins. Ethylenediaminetetraacetic acid was 
added to the plasma sample prior to the 
chromatographic step. The sensitivity of the 
assay, as measured by the value which is twice 
that of the blank, was 250 picograms. Plasma 75 
E values cannot be measured very accurately 
at the lower end of the normal range. 

In Passon and Peuler, Analytical Bio-
chemistry 51, 618, (1973), E and NE were 
assayed using COMT, followed by separation 80 
of MN and NMN by chromatography, and 
thereafter by oxidation to vanillin. The blood 
serum or plasma was used directly without 
any prior chromatography. Only a single iso-
tope, S - adenosyl - methionine(3H)methyl 85 
was used. The tritiated methyl donor was 
diluted with cold methyl donor. Tracer 
labelled 14 C compounds were tried but were 
not helpful in reducing problems such as an 
accurate estimate of recovery of the catechol- 90 
amine substrate. At concentrations below 
10 ju,M of cold S - adenosylmethionine, the 
blank increased substantially. Assay tech-
niques were otherwise similar to those used 
by Engelman et al. and others. The sensitivity 95 
of the assay was 170 pg. for NE and E, there-
by allegedly allowing the measurement of NE 
and E in less than 1 ml. of human serum. 

Coyle and Henry, /. of Neurockemistry, 
21, 61 (1973) separated norepinephrine from 100 
dopamine in deproteinized brain tissue homo-
genates by using COMT and S - adenosyl -
mefhionine(3H)methyl. After the addition of 
non-radioactive carrier quantities of NMN 
and MEOT, the incubate was extracted by 105 
an organic solution and the extract reparti-
tioned into aqueous hydrochloric acid. The 
aqueous phase was washed with the organic 
solvent. Vanillin-(3H) was produced by 
periodate cleavage of 3H NMN. The vanillin- 110 
(3H) was extracted into an organic solvent and 
eventually counted in a liquid scintillation 
medium. The MEOT was extracted from die 
aqueous periodate phase with a borate buffer 
and a 3:2 (v/v) toluene:isoamyl alcohol sol- 115 
vent system and counted with a liquid 
scintillator. 

Christensen, Scand. J. Clin. Lab. Irwest. 31, 
343 (1973), determined the level of DA in 
plasma by a double isotope technique utilizing 120 
the COMT procedure. Prior to the enzymatic 
methyl transfer, the catecholamines were iso-
lated from plasma utilizing aluminum. The 
COMT and the sample were incubated with 
S - adenosylmethioninemethyl (MC) and 125 
tracer quantities of tritium labeled DA. After 
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oxidation of MN and NMN with periodate to 
vanillin, the MEOT was separated and 
analyzed in a liquid scintillator. The DA con-
centration was calculated on a computer from 

5 the counts of UC and 3H. 
Cuello et al. in 1973 analyzed deproteinized 

brain tissue extracts for DA in the presence 
of NE. COMT and tritium labeled S-
adenosylmethionine were mixed with cold S-

10 adenosylmethionine or 14C S - adenosyl 
methionine. After extracting the incubate with 
an organic solvent, the organic solvent was 
back extracted into hydrochloric acid and 
then chromatographed. 

15 In 1975, Yamaguchi et al., Circulation 
Research, 36, 662 (1975), assayed for endo-
genous catecholamines in blood with ethylene 
glycol bis - (aminoethyl ether) - N,N'tetra-
acetic acid (hereafter referred to as EGTA) 

20 present in the incubation mixture. 
Champlain et al., Circulation Research, 38, 

109 (1976) disclosed that calcium ion was 
known to inhibit the reaction of COMT from 
work done by Axelrod and Tomchik. EGTA 

25 is a selective chelator of calcium as opposed 
to magnesium and restores the activity of the 
enzyme. However, a later publication, Wein-
shilboum et at., Biochemical Pharmacology, 
25, 573 (1976), states that the possibility that 

30 other cations might inhibit the COMT reac-
tion in the presence of optimal concentration 
of magnesium had not been studied to date. 

A new system for assaying catecholamines 
has now been developed, utilizing the basic 

35 COMT system of the past. Catecholamines 
content of mammalian systems can now be 
assayed to a sensitivity of 5 picograms for 
NE and E and 12 picograms for DA. The 
assay is precise and unusually selective. 

40 Furthermore, the assay can be performed 
rapidly by laboratory personnel having 
minimal advanced technical training. 

In accordance with a first aspect of the 
present this invention, a method for analyzing 

45 undifferentiated, total endogenous epine-
phrine and norepinephrine levels in a mam-
malian system comprises 

(a) incubating together a sample of the 
mammalian system; the enzyme catechol -

50 O - methyl transferase; the tritium labeled 
methyl donor S - adenosyl - L - methionine 
(3H)methyl, substantially free of unlabeled 
methyl donor; a cation of oxidation number 
+2 which allows the methyl transfer to pro-

55 ceed; a compound which stabilizes the 
enzyme-substrate system; and an agent which 
preferentially removes calcium ions from 
interference with the enzymatic reaction, the 
incubation conditions being such that sub-

60 stantially all of the epinephrine and norepine-
phrine in the mammalian system are O-
methylated (3H); 

(b) extracting the O-methylated (3H) epine-
phrine and norepinephrine with an organic 

65 solvent; 

(c) repartitioning the O-methylated (3H) 
epinephrine and norepinephrine into an aque-
ous solution of an acid having sufficient 
strength to protonate the amine; 

(d) oxidizing the O-methylated (3H) epine- 70 
phrine and norepinephrine to vanillin-3H; 

(e) extracting vanillin-3H from the aqueous 
solution with an organic solvent; and 

(f) counting the radiation emitted from the 
vanillin-3H. 75 

Preferably, the O-methylated epinephrine 
and O-methylated norepinephrine are 
separated by chromatographic means. This 
separation step is performed after the reparti-
tioning and before the oxidation of O- 80 
methylated (3H) epinephrine and/or norepine-
phrine to vanillin-3H. 

Another aspect of the invention is the 
method for assaying the levels of dopamine 
present in the sample. In the undifferentiated 85 
epinephrine and norepinephrine assay, the 
aqueous oxidation phase remaining after the 
vanillin extraction is extracted at a basic pH 
with an organic solvent and the MEOT (3H) 
counted. In the differential assay for epine- 90 
phrine and norepinephrine, the dopamine is 
analyzed in the same manner as in the un-
differential assay when the solvent system 
used to separate the O-methylated (3H) epine-
phrine and O-methylated (3H) norepinephrine 95 
is acidic. If the solvent system for separating 
the O-methylated (3H) epinephrine from the 
O-methylated (3H) norepinephrine is basic, the 
3H MEOT is also separated in the chromato-
graphic system. The 3H MEOT is eluted and 100 
counted. 

Examples of mammals in which catechol-
amines can be assayed include humans, 
horses, cattle, dogs, cats, rats, mice, rabbits 
and other animals generally used in scientific 105 
laboratories for the study of circulatory and 
myocardial problems. Catecholamines are 
found in various systems throughout the 
mammal. Circulating levels of catecholamines 
are found in the blood. Other biological fluids 110 
in the body, for example, urine, cerebrospinal 
fluid and lymphatic fluids also have significant 
levels of catecholamine. Tissue samples which 
can be employed in the assay system include 
any tissue witii sympathetic innervation, such 115 
as vascular, liver, adrenal, kidney, brain and 
tumour-containing tissue. When tissue is being 
assayed, the sample is broken down by any 
common technique, such as homogenizing, 
tissue press under pressure, and sonication. It 120 
is the supernatant of this homogenate which 
is then employed in the assay. In order to 
maintain the integrity of the system, an acidic 
pH should be employed. When liquid systems 
such as blood fractions or other biological 125 
fluids are being employed, no preliminary iso-
lation such as alumina or cation exchange 
chromatography need be employed. Rather, 
the fluid sample per se can be employed. 

The size of the sample to be assayed varies 130 
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substantially depending upon the quantities 
of catecholamines present. Because of the 
sensitivity of the assay, blood serum or plasma 
samples as low at lOjml. or even less may be 

5 readily assayed. Urine samples generally have 
to be diluted since the quantities of catechol-
amines present in urine are significantly higher 
than in blood samples. It should also be noted 
that tissue samples containing pheochromo-

10 cytoma will have significantly higher catechol-
amine levels. The upper level of the volume 
of the mammalian system being assayed can 
go as high as one millilitre, if desired. The 
volume levels required are generally so minute 

15 that small laboratory animals can be readily 
assayed without significant problems. The 
quantity of catecholamine present in each 
sample aliquot can vary from 20 to 10,000 
picograms of E or NE for the undifferentiated 

20 assay and from 3 to 5,000 for the differential 
assay for E, NE and DA. Depending upon 
the picogram concentration, a general sample 
aliquot of the system to be assayed is from 
10 to 50 /d. 

25 As noted previously, COMT is an enzyme 
which has a general activity for the O-
methylation of a catechol nucleus. Although 
the assay methodology disclosed in this inven-
tion is quite specific for endogenous catechol-

30 amines, it does not differentiate catechol 
nuclei from other sources. For example, many 
drugs administered to mammals, specifically 
humans, have catechol nuclei or are precursors 
of metabolites having catechol nuclei. IUus-

35 trative examples (rf such drugs and/or meta-
bolites are «-methylnorepinephrine, «-methyl-
dopamine, isoproterenol and oi-methyldopa. If 
a mammal has received such drug treatment, 
the results of this assay utilizing COMT 

40 would be unduly high. Consequently, 
mammals receiving such compounds are in-
appropriate subjects for this assay. 

"file enzyme COMT is found in a wide 
variety of mammals, including rats, cows, 

45 pigs, mice, guinea pigs, cats, rabbits and man. 
The enzyme is widely dispersed throughout 
the systems and is found in, for example, liver, 
kidney, spleen, small intestine and brain. 
The preferred species is the rat. The preferred 

50 organ from which the enzyme is isolated is 
the liver. The methods of isolation are known 
throughout the art. The usual steps are fol-
lowed in isolating the enzyme, with the 
exception that a further ammonium sulfate 

55 fractionation is employed. This step, which 
is novel, involves resuspending a 30—50 or 
55% ammonium sulfate precipitate in a 55%' 
saturated ammonium sulfate solution, separat-
ing the phases and proceeding with the usual 

60 isolation steps. The addition of this extra 
fractionation step brings about a substantial 
reduction in the blank value. 

S - adenosyl - L - methionine - (3H) 
methyl is the labelled methyl donor employed 

65 in the enzymatic O-methylation. This tritium-

labelled methyl donor can be made by known 
radiochemical methods and is commercially 
available from New England Nuclear Corp. 
and Amersham-Searle. The tritium label is 
in the methyl group. It has now been found 70 
that this methyl donor should be present in 
the incubation mixture at a concentration of 
at least 4 juM for maximal activity and main-
tenance of the catecholamines as the rate 
determining concentration in the O-methyla- 75 
tion. In order to produce the excellent sensi-
tivity of this assay, the labelled methyl donor 
is essentially free of unlabelled, cold methyl 
donor S - adenosyl - L - methionines. The 
addition of unlabelled cold methyl donor 80 
makes the assay less sensitive to the catechol-
amines. If a less sensitive assay is desired, 
this may be achieved by adding unlabelled, 
cold S - adenosyl - L - methionine to the 
assay incubate. The tritium labelled S - 85 
adenosyl - L - methionine - (3H) methyl 
should be prepared with maximum radio-
activity for maximum sensitivity of the assay. 
Radioactivity greater than or equal to 8 
Ci/mmol can be employed. Preferred radio- 90 
activity is from 10 to 15 Ci/mmol. 

In order for the enzymatic system to be 
active, cations of oxidation number +2 must 
be present in the incubate. Cations of oxida-
tion number +2 which can be used are mag- 95 
nesium, cobalt and manganese cations. Mag-
nesium cations are preferred. The metal can 
be present as a salt, for example, magnesium 
chloride. The concentration of cation in the 
incubation mixture is preferably from 10 to 100 
100 mM, more preferably from 25 to 35 
mM. 

Also present in the incubate is a compound 
which stabilizes the enzyme-substrate system. 
This compound maintains the integrity of the 105 
system by preventing oxidation of the 
catecholamines and assists in the continued 
activity of the enzyme during the incubation. 
Compounds which can be effectively employed 
to stabilize the enzyme-substrate system in- 110 
elude glutathione, dithiothreitol, ascorbic acid, 
sodium metabisulphite, mercaptoethanol and 
cysteine. Glutathione is preferred. The con-
centration of the stabilizer in the incubate is 
preferably from 1 to 10 mM, and more pre- 115 
ferably from 2 to 4 mM. When ascorbic acid 
is employed, care must be taken to avoid an 
excess since an inhibition of enzymatic activity 
can occur. 

A further component of the incubate is an 120 
agent which preferentially removes calcium 
ions from interference with the enzymatic con-
version. Calcium ions in the presence of 
activator ions such as magnesium, cobalt or 
manganese inhibit the enzymatic O-methyla- 125 
tion. Consequently, it is necessary to have 
present in the incubate an agent which selec-
tively removes calcium ions instead of activator 
ions from participation in the enzymatic con-
version. Agents which accomplish this func- 130 
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tion are illustratively, ethylene glycol bis-
(aminoethyl ether) - N,N' - tetraacetic acid 
(EGTA), Chelex (a resinous substance obtain-
able from Biorad Laboratories), sodium oxalate, 

5 and dyes which selectively chelate caldum 
ion such as, for example, Murexide. EGTA is 
preferred. Since the agents may differ in their 
selectivity for calcium ion with respect to the 
activator ion, extra activator ion may be 

10 needed and should be added if necessary. 
These agents are present in sufficient quan-
tity so as to allow the enzymatic conversion 
to proceed as rapidly and as efficiently as pos-
sible. For example, concentrations of from 5 

15 to 25 mM of EGTA in the incubation mix-
ture can be used. 

It has been found that EGTA brings about 
an increase in the intrinsic activity of COMT. 
When added to the blank of the incubate, that 

20 is, all components of the incubate but the 
mammalian system, EGTA brings about an 
increase in COMT enzymatic activity as 
measured by the amount of 0-methyl(3H)-
catecholamine formed. 

25 All the quantities of the incubate are present 
in quantities which allow the catecholamine 
concentration to be the rate limiting factor. 
The enzyme, methyl donor, cation, stabilizing 
compound and agent which selectively removes 

30 calcium ions are present in quantities in ex-
cess of those quantities necessary to bring 
about the timely conversion of the catechol-
amines to 0-methylated(3H)catecholamines. 
All, or essentially all, of the catecholamines 

35 present in the mammalian system to be assayed 
are converted during the incubation period. 

The enzymatic incubation is carried out in 
standard laboratory equipment for a time and 
at a pH and temperature which allows the 

40 enzymatic conversion to go to completion. 
The pH of the inclubation is preferably main-
tained between 7 and 10. The more preferred 
pH range is from 8 to 9. Buffer solutions 
which are suitable for the incubation are tris, 

45 phosphate, or glycine/NaOH. The tempera-
ture of die incubation is preferably from 
25°C to 45°C. and more preferably from 
35°G to 40°C. The incubation is allowed to 
proceed for from fifteen minutes to two hours, 

50 and preferably for from forty to sixty minutes. 
The incubation is stopped by any of a 

variety of standard means. For example, the 
temperature can be lowered or elevated or 
the pH can be raised or lowered. It is pre-

55 ferred to stop the incubation by a lowering of 
the temperature and the introduction of a 
higher pH accompanied by a magnesium, 
cobalt, or manganese binding agent. If desired, 
for economy, time factors, or personal pre-

60 ference, the incubation need not be stopped 
before the 0-methylated(3H)catechoIamines 
are selectively removed from the incubate. 

The stopping agent may contain carrier 
quantities of MN, NMN and MEOT. Since 

65 there is such a small quantity of catechol-

amines present in the sample, the carried 
compounds are advantageously added to 
facilitate the recognition and partitioning of 
the sample catecholamines throughout the 
assay. The earner compounds are generally 70 
present as their hydrochloride acid addition 
salts since this form of the compound is 
thought to be more stable. In the succeeding 
assay step, the free base is formed. The 
carrier compounds are preferably added to the 75 
stopping agent, e.g. in the form of a solution, 
prior to the organic solvent extraction of the 
incubate, although they can be added to the 
incubate initially, depending upon the equi-
librium in the COMT transfer. If the incubate 80 
is not stopped, the carrier quantities of MN, 
NMN and MEOT should still be added to 
the incubate prior to the preferential organic 
solvent. A concentration of carrier of from 2 
to 4 mM can be employed. 85 

The 0-methylated(3H)catechoIamines are 
now selectively removed from the incubate by 
solvent extraction. An organic solvent which 
extracts the MN, NMN and MEOT from the 
incubate is employed. It is, of course, pre- 90 
ferred to have an organic solvent in which the 
O-methylated catecholamines are prefentially 
soluble, that is, leaving as much of the incu-
bate components, side reaction products, and 
other extraneous matter in the aqueous in- 95 
cubate. Any organic solvent which is substan-
tially immiscible with water can be used. 
Illustrative examples of organic solvents which 
can be employed are the higher alcohols such 
as butanol, isoamyl alcohol and hexanol, esters 100 
such as ethyl acetate, ethers such as diethyl 
ether, tetrahydrofuran and dioxane, and 
aromatics such as benzene, toluene and the 
xylenes. Preferred organic solvents are iso-
amyl alcohol, butanol, toluBne and the xylenes. 105 
More preferred are certain mixtures of 
organic solvents, specEcally a 35—75: 
65—25 v/v, more preferably a 50—65: 
50—35 v/v, toluene:isoamyl alcohol mixture. 

The organic extract of 0-methylated(3H)- 110 
catecholamines is now repartitioned into an 
aqueous acid of sufficient strength to proton-
ate the amine function of the catecholamine. 
Examples of such acids are formic, acetic, 
propionic hydrochloric, sulfuric and phos- 115 
phoric acids. When performing the assay for 
the analysis of total, undifferentiated E and 
NE, any of these acids can be used. However, 
when the differential assay for E and NE is 
performed, it is preferable to use an acid 120 
which has a relatively low boiling point and 
which leaves essentially no residue upon 
evaporation, for example, formic, acetic and 
propionic acid, preferably acetic acid. The 
differential assay requires a chromatographic 125 
separation step of NMN from MN. The 
presence of the acid addition salt of MN or 
NMN interferes with the separation of MN 
from NMN and each catecholamine from 
other constituents of the sample. This repar- 130 
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tiuon can be repeated several times for an 
increased partitioning effect. 

We have found that when the aqueous phase 
is denser than the organic phase, separation 

5 of the two phases is facilitated by freezing the 
aqueous phase. Freezing shortens the assay 
time and allows for a cleaner, more precise 
separation of the organic phase from the aque-
ous phase. 

10 If the total undifferentiated values for E 
and NE are desired, the following separa-
tion step of MN from NMN is not done. 
Rather, the aqueous acid extract is preferen-
tially dried down, taken up in basic solution 

15 and the MN and NMN oxidized to vanillin. 
When the differential assay for E and NE 

is performed, MN is separated from NMN at 
this point. The usual means of separating the 
O-methylated catecholamines is by chromato-

20 graphy, for example, paper and thin layer, 
preferably thin layer chromatography. The 
aqueous acid extract containing the O-
methylated catecholamines is preferably taken 
to dryness and then solubilized in an organic 

25 solvent such as 95% ethanol. The ethanolic 
solution is applied to a chromatographic 
plate covered with a thin layer of adsorbent, 
for example, siliceous materials. The thick-
ness of the layer of adsorbent is that gener-

30 ally used in the art, for example, 50 to 750 /i, 
preferably 200—300 /x, Silica gel is preferred. 
The solvent system used for the separation can 
be any of the systems known to separate MN 
from NMN. However, it is preferred to use 

35 with silica gel, an isopropyl alcohol :n-
butanol: water: formic acid (60:20:19:1 
v/v/v/v) solvent system. When, using this 
solvent system, MN has an R, of about 0.59 
and NMN an R, of about 0.7. The MEOT 

40 does not separate ffom the NMN. The separa-
tion of MN from NMN occurs rapidly and 
distinctly. Another solvent system when used 
in conjunction with silica gel brings about the 
separation of MEOT from NMN. The basic 

45 solvent system of t-amylalcohol: benzene: 
methylamine (6:2:3 v/v/v) brings about a 
separation on silica gel wherein MEOT is 
furthest from die origin, MN is closer to the 
origin, and NMN is closest to the origin. This 

50 latter solvent system allows for the ready 
analysis of DA via the radio-emission of the 
separated MEOT. 

The basic solvent system employed in the 
above thin layer chromatographic step is 

55 novel The essential components of the system 
are alcohol to methylamine in a 1:1 to 5:1 
v/v ratio. The methylamine is 40% in water. 
The alcohol is a higher alcohol such as t-amyl 
alcohol, i-amyl alcohol or n-butanol. A non-

60 polar, lipophilic organic compound may also 
be present in the solvent system. The pre-
sence of such a solvent increases the velocity 
of migration and spot resolution. It may be 
present in as high a quantity as is consonant 

65 from a one-phase solvent system. Illustrative 

examples of non-polar lipophilic organic sol-
vents which can be employed are benzene, 
toluene, m-xylene and p-xylene. 

At this point in the assay, the spot contain-
ing the MN is eluted from the silica gel with 70 
a solvent such as ammonium hydroxide, and 
then extracted with an organic solvent or 
organic solvent system as previously disclosed 
with respect to extracting the incubate. 

The radiolabelled compounds are then 75 
counted. When using the basic solvent system 
in the chromatographic separation, the MEOT 
and NMN can be analyzed in the same man-
ner. However, it is preferred to oxidize the 
MN and NMN obtained from either the 80 
acidic or basic solvent separation system to 
vanillin. This oxidation gives greater specifi-
city to the assay since only the ̂ -hydroxy-
catecholamines are subject to this oxidation. 
This step separates other labelled catechol 85 
nuclei not bearing a /̂ -hydroxy group. Also, 
since in the acidic solvent system the NMN 
and MEOT are not resolved, the oxidation of 
NMN to vanillin is necessary. When only 
assaying for total or undifferentiated E and 90 
NE, the oxidation is also necessary to separate 
the MEOT from the MN and NMN. 

The oxidation of the jff-hydroxy O-
methylated catecholamine is accomplished 
with standard reagents and conditions. After 95 
elation of the MN or NMN from the adsor-
bent, the MN and NMN is contacted with an 
oxidizing agent such as sodium metaperiodate, 
preferably at a pH of from 7 to 12 and a 
temperature of from 0 to 50°C. for from two 100 
to thirty minutes. The MN and NMN should 
be quantitatively oxidized to vanillin. The 
temperature of die reaction is preferably from 
0 to 40°C., and the time of the reaction is 
preferably two to ten minutes. 105 

It has been found that the periodate oxida-
tion can be carried out in the contact presence 
of silica gel This increases the amount of 
assay sensitivity, accuracy and precision since 
die oxidation step may be carried out in a 110 
single container. The silica gel band con-
taining MN or NMN is scraped off the plate 
and placed into a tube, the MN or NMN 
eluted with a basic solvent such as ammonium 
hydroxide, and sodium metaperiodate added. 115 
The oxidation to vanillin occurs smoothly and 
with no difficulty in the contact presence of 
silica gel. 

The oxidation is completed or stopped. The 
stopping substituent is generally a glycerol 120 
solution. If the pH of the system is not already 
at or below 7, the pH of the system is re-
duced to <7 with acid. The nature of die 
acid employed is not significant Hydro-
chloric, sulfuric, phosphoric, formic, acetic and 125 
propionic acids are illustrative of the acids 
which can be employed. 

The vanillin is now extracted into an organic 
solvent which is substantially immiscible with 
the aqueous fraction. This organic solvent is 130 
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preferably relatively non-polar so as to effect 
a good separation between vanillin and rela-
tively polar side products. Examples of such 
solvents are, illustratively, benzene, toluene, 

5 m-xylene, -̂xylene, ethylbenzene, isopropyl-
benzene, esters such as ethyl acetate and iso-
propyl acetate, and ethers such as diethyl 
ether and 1,4-dioxane. When the aqueous 
phase is denser than the organic phase, separa-

10 tion of the two phases is facilitated by freezing 
the aqueous phase and removing the organic 
phase. 

The vanillin-3!! is now counted. Although 
various radio-emission counting techniques can 

15 be employed, such as planchet counting, a 
liquid scintillation counting technique is pre-
ferred. The particular liquid scintillator em-
ployed is not significant as long as it will emit 
a quantum of light when exposed to a /?-ray 

20 emitted from tritium. Examples of suitable 
scintillators are p-terphenyl; 2,5-diphenyl-
oxazole; 2 - phenyl - 5 - (4 - biphenylyl) -
1,3,4 - oxadiazole, 2,5 - bis - 2 - (5 - t -
butylbenzoxazolyl)thiophene; 2,5 - diphenyl -

25 1,3,4 - oxadiazole; 2 - (4' - biphenyl) - 6 -
phenyl - benzoxazole; 1,4 - bis - 2 - (5 -
phenyloxazolyljbenzene. The scintillator is 
solubilized within an organic solvent, the 
combination of scintillator and solvent here-

30 after being referred to as the liquid scintilla-
tion medium. The organic solvent containing 
vanillin is added to the liquid scintillation 
medium and counted. A preferable method of 
extracting the vanillin-3H is to use the liquid 

35 scintillation medium as the extractant. The 
specificity of the assay can be further im-
proved by contacting the vanillin-containing 
organic solvent with an aqueous acid, thereby 
removing additional water-soluble impurities. 

40 Although this extraction can be done prior to 
the addition of the vanillin-containing organic 
solvent to the liquid scintillation medium, it 
is preferred to have the aqueous acid phase 
in contact with the liquid scintillation medium. 

45 In this manner, the number of separate trans-
fers and phase separations is minimized. When 
the vanillin is added to the liquid scintilla-
tion medium, the vanillin remains in the 
organic layer and is counted by the scintil-

50 lator. However, any tritium labeled con-
taminant extracted into the aqueous acid phase 
is not counted since the scintillator is in the 
organic phase and the tritium emission, 
ray, is stopped by the aqueous phase and 

55 interface. The liquid scintillation medium 
should be selected so that there is little or 
no scintillator soluble within the aqueous 
phase. 

If DA is desired to be assayed as well, the 
60 pH of the aqueous periodate phase is raised 

to above 7, preferably 9.8 to 10.1, and MEOT 
is extracted with an organic solvent as used 
in the vanillin extraction. Counting of the 
radioactive emissions from MEOT-3H is 

achieved in a similar manner as to vanillin- 65 
3H. 

Concurrently with the mammalian system 
having the unknown catecholamine level, a 
blank sample having all the incubate com-
ponents except the mammalian system is 70 
assayed in the same manner. The sensitivity 
of die assay is determined as the level of 
catecholamine which has double the counts 
of the blank. The standard curve for the assay 
is obtained by assaying known quantities of E, 75 
NE or DA alongside the unknown and blank. 
The counts obtained with the known concen-
tration of E, NE, or DA are plotted against 
the concentration. The unknown concentra-
tion of catecholamine is then determined by 80 
the number of counts emitted with reference 
to the standard curve. 

In this manner, we have been able to attain 
sensitivities of 3 pg. for E, 5 pg. for NE, 12 
pg. for DA, and 5 pg. for the total undifferen- 85 
tiated E and NE. An accuracy of 5-12% co-
efficient of variation is obtained from mam-
malian systems of extremely small sample 
size. The standard shows first order kinetics 
for a range of from about 3 to at least 3000 pg. 90 
The assay system is versatile, rapid and com-
mercially useful. 

The following Examples illustrate the 
method of the invention. 

Example 1 95 
A. Preparation of Catechol-O-methyl 

Transferase 
The enzyme preparation generally follows 

the method of Axelrod and Tomchick, /. 
Biol Chem. 233, 702, 1958. 100 

Rats are sacrificed. The livers are removed, 
rinsed in cold isotonic KQ (1.15%) blotted 
dry, weighed and homogenized in four 
volumes of isotonic KC1. The homogenate is 
centrifuged for thirty minutes at 78,000 g. 105 
The supernatant is decanted and the pH of 
this solution is adjusted with stirring to pH 5 
with die dropwise addition of IN acetic acid. 
After standing in the cold, this solution is 
centrifuged to remove the suspension which 110 
forms. 

The resulting supernatant is decanted and 
ammonium sulfate (AmSO*) is added slowly 
to bring the AmSO* concentration to 30% 
saturation. After centrifugation the super- 115 
natant is decanted and AmS04 is added to 
raise the concentration to 55% saturation. The 
solution is centrifuged to produce the 30— 
55% AmSO* fraction. 

The 30—55% AmSO* residue is now dis- 120 
solved in 1 mM phosphate (P04) buffer, pH 
7.4 containing 0.1 mM dithiothreitol (or 0.2 
mM glutathione) and AmSO* is again added 
slowly to bring the AmSOt concentration to 
55% of saturation. This additional AmSO* 125 
fractionation provides an enzyme preparation 
which provides a lower blank. After centrifuga-
tion the residue is again dissolved in the above 
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P04 buffer and dialyzed against 4 changes of 
die same buffer. This dialysis usually takes 
14—18 hours to perform. 

The activity of the enzyme preparation is 
5 determined and the volume is adjusted for 

optimal use in the catecholamine assay. Pro-
tein concentration of the enzyme preparation 
is also determined. 

Owing to the presence of aromatic - L -
10 amino acid decarboxylase activity in this pre-

paration, a decarboxylate inhibitor, such as 
benzyloxyamine hydrochloride or 3 - hydroxy -
4 - bromobenzyloxyamine phosphate, is added 
into the enzyme preparation at a concentra-

15 tion of 10-3M. Incubate inhibitor concentra-
tion is 1(H to 10~6M. 

B. Solutions 
The following solutions are prepared: 

1. Stabilizing Solution—0.5 mL total volume 
20 10 mM reduced glutathione in 0.01N HQ. 

2. Standards Solution—0.5 ml. total volume 
Norepinephrine, epinephrine and dopamine 

dissolved in stabilizing solution to final con-
centration of 100 jxg. of each base/ml. 

25 3. Buffer Solution—2 ml. total volume 
A solution containing 1000 mM Tris-

(hydroxymethyl)aminomethane, 100 mM 
EGTA and 300 mM magnesium chloride. 

4. S - Adenosyl - L - methionine - 3H 
30 methyl—0.4 ml. total volume 

Specific activity >8 Ci/mmol and 5 /tCi 
3H/10 fil in dilute sulfuric acid/ethanoL 

5. Catechol-O-methyl transferase from rat 
liver—0.45 ml. total volume 

35 Protein concentration of enzyme solution 
varies from 15 to 40 mg./ml. Solution also 
contains phosphate buffer, glutathione and 
dithiothreitol. 

6. Stopping Solution—5 ml. total volume 
40 Contains 800 mM boric acid and 80 mM 

disodium EDTA in IN sodium hydroxide, 
4 mM DL-metanephrine HC1, 4 mM DL-
normetanephrine HC1, and 4 mM methoxy-
tyramine HQ. 

45 7. Sodium metaperiodate 4% (w/v) solu-
tion—5 ml. total volume 

8. Glycerol 10% (v/v) solution—5 ml. total 
volume 

C. Preparation of Mammalian System 
50 A sample (rf human blood is drawn from a 

patient. The blood is collected into a tube 
containing a mixture of EGTA (250 mM) and 
glutathione (200 mM). The solution should 
have a pH of 5—6. 20 /it of the solution is 

55 added for each ml. of whole blood collected. 

Plasma is then obtained by centrifugation of 
the blood sample. The plasma is frozen. Care 
should be taken to free the sample of fibrin 
and other particulate matter or cloudiness. 

D. Reagent Mixture 60 
A reagent mixture is prepared with the fol-

lowing components from B and in the follow-
ing order and proportions: 

65 
Solution 3 10 /tl. 
Solution 4 10 /J. 
Solution 5 5—20 /d. 
Distilled Water* 

to a total volume of 40 pi. 

*(Deionized, glass distilled) 

Vortex the mixture lightly before the 70 
enzyme is added and lightly after the re-
agent mixture is complete. Multiples of the 
40 /tl. reactive mixture are prepared. 

E. Standard and Stabilizing Solution 
Dilute an aliquot of Solution 2 in a ratio 75 

of 1:10,000 with chilled distilled water and 
store in an ice bath. This will provide a 
"working standard" of 100 picograms of each 
catecholamine per 10 /tL 

An aliquot of Solution 1 is similarly 80 
diluted. 

F. Incubation 
To a tube containing 50 ]A. of the blood 

serum is added 10 jxl. of Solution 1 and 40 
/tl. of the reagent mixture of Step D. 85 

A blank, a reference standard, and a 
plasma sample of known catecholamine con-
centration are run alongside the unknown 
samples which are done in duplicate. The 
reference standard is included to determine 90 
the O-methylating efficiency of the enzyme in 
water and the absence of the mammalian 
system. The plasma sample of known catechol-
amines is included to determine the quality 
control of the assay. 95 

The blank is prepared from 50 /J. of dis-
tilled water, 10 /J. of Solution 1 and 40 /il. 
of the reagent mixture. 

The reference standard is prepared from 
50 jd. of distilled water, 10 /tl. of the working 100 
standard of Step E and 40 /tl. of the reaction 
mixture. 

The plasma sample of known catecholamine 
content is prepared from 50 /tl. of blood 
plasma, 10 /J. of working standard of Step E 105 
and 40 /tl. of the reaction mixture. 

The above sample tube containing the un-
known and the other solution tubes are treated 
the same throughout the assay. However, only 
reference to the unknown sample tube shall 110 
be made in the following steps. 

The sample tube is vortexed lightly and 
incubated at 37°C. for sixty (60) minutes in 
an oscillating water bath. After the incuba-
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tion the tube is returned to the ice bath and 
50 juL of solution 6 is added. 

G. Extraction 
Two (2) ml. of toluene:isoamyl alcohol 

5 (3:2, v/v) are added to die stopped incubate. 
The mixture is vigorously vortexed and centri-
fuged (2 minutes at 2,000 rpm). Subse-
quent centrifugations are done in the same 
manner. Two distinct layers will result. The 

10 tube is placed in a dry ice-ethanol bath and 
the aqueous layer frozen. The organic phase 
is decanted into a tube containing 0.1 ml. of 
0.1N acetic acid. The tube and contents are 
vortexed, centrifuged and frozen in the same 

15 manner as before. The organic phase is 
aspirated from the frozen aqueous phase and 
discarded. The frozen aqueous phase is 
thawed, 1 ml. of toluene: isoamyl alcohol (3:2, 
v/v) is added, the tube ana contents are 

20 vigorously vortexed and centrifuged. The 
aqueous phase is frozen and the upper organic 
phase is aspirated and discarded. 

H. Separation 
All of the acetic acid phase from G is 

25 applied to the bottom of a silica gel GR plate 
2.5 X10 cm, 250 micron layer obtained from 
Analtech, Inc. The aqueous spot is dried with 
die aid of 0.15 ml. of absolute ethanol added 
to the tube prior to spotting and a warm air 

30 flow. The spotted plate is placed in a paper 
lined pre-equilibrated thin layer chromato-
graphy developing tank. The plates are deve-
loped with a solvent system of isopropyl 
alcohol/n-butyl alcohol/water/formic acid 

35 (60:20:19:1 v/v/v/v). The solvent is per-
mitted to move to the top of the plate, 
approximately one hour. The plate is removed 
and dried thoroughly. The zones are visualized 
under 254 nm ultraviolet light. The upper 

40 zone contains NMN and MEOT. The lower 
zone contains MN. The silica gel of each 
zone is scraped off the plate and put into 
different tubes. 

I. Oxidation of NMN 
45 To the tube containing the NMN and 

MEOT, 1 mL of IN ammonium hydroxide 
is added to elute the amines from the silica 
gel and vortex vigorously. 50 jil. of Solution 7 
is added and the tube vortexed. Four minutes 

50 after the addition of Solution 7, 50 L̂ of 
Solution 8 are added and vortexed. 

J. Extraction and Counting of Vanillin from 
NMN 

100 (d. of glacial acetic acid are added to 
55 the tube and vortexed. 10 ml. of toluene/ 

Liquifluor are added to the tube and the tube 
vigorously shaken for thirty seconds. The 
tube is centrifuged for two minutes at 2000 
rpm, the layers allowed to separate and the 

60 aqueous layer frozen. The upper organic layer 
is decanted into a separate scintillation vial 

containing 2 ml. of 0.1N acetic acid. The vial 
is capped, shaken vigorously, and counted in 
a liquid scintillation counter. The radio-
activity in the vial comes from the level of 65 
NE in the sample. 

K. Extraction and Counting of MEOT 
The frozen aqueous layer of J is thawed 

and 5 ml. of toluene are added. The tube and 
contents are vortexed, centrifuged for two 70 
minutes at 2,000 rpm. and the aqueous layer 
frozen. The upper organic phase is aspirated 
and discarded. 0.3 ml. of concentrated 
ammonium hydroxide is added and the tube 
vortexed. The pH of the remaining aqueous 75 
phase should be between 9.8 and 10.1. Ten 
ml. of toluene: isoamyl alcohol (3:2 v/v) are 
added. The tube is vigorously shaken, centri-
fuged for two minutes at 2,000 rpm and the 
aqueous layer frozen. The upper organic 80 
phase is decanted into a scintillation vial con-
taining 10 ml. of Diotol (a liquid scintillation 
medium obtained from Burdick and Jackson). 
The vial is shaken and counted in a liquid 
scintillation counter. The radioactivity in the 85 
vial comes from the level of DA in the sample. 

L. Oxidation of MN, Extraction and Count-
ing of Vanillin from MN 

The scrapings of silica gel of the lower zone 
are treated in the same manner as in I. The 90 
extraction and counting is performed in the 
same manner as J. The radioactivity in the 
vial comes from the level of epinephrine in 
the sample. 

Example 2 95 
In order to perform the non-differentiated 

assay for total levels of NE and E, the same 
assay procedure as in Example 1 is carried out 
except that the separation step is omitted. The 
acetic acid phase obtained from the toluene: 100 
isoamyl alcohol (3:2, v/v) extract of the 
stopped incubate is dried under a stream of 
air or reduced pressure. 1 ml. of IN 
ammonium hydroxide is added to the dried 
residue and the tube and contents vortexed. 105 
The contents of the tube are then oxidized to 
vanillin, extracted and counted as in Steps I 
and J of Example 1. The radioactivity of the 
vial comes from the total, undifferentiated 
levels of epinephrine and NE in the sample. 110 

Example 3 
The assays of Examples 1 and 2 are per-

formed on human urine samples or the super-
natants of deproteinized tissue homogenates. 

Similar assay results are obtained as in the 115 
above examples. 

In order to secure a more reproducible and 
accurate assay level of dopamine in each of 
Examples 1, 2 and 3, a DOPA decarboxylase 
inhibitor is present in the incubation mixture. 120 
Compounds which can inhibit the enzyme 
DOPA decarboxylase are, illustratively, mem-
bers of the benzyloxyamine family and water-
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soluble hydrazines. Illustrative examples of 
the benzyloxyamines are benzyloxyamine, 3-
hydroxy4-bromobenzyloxyamine and their 
acid, for example, sulfuric, phosphoric or 

5 hydrochloric, addition salts. An example of a 
water-soluble hydrazine is phenylhydrazine. 

A further broad aspect of the invention is 
the assemblage of essential components of 
the assay into a kit utilized in laboratories. As 

10 stated previously, knowledge of catechol-
amine levels are significant in the diagnosis of 
a number of conditions. Commercial labora-
tories, hospitals and clinics would have a sub-
stantial need for this assay. Such a need could 

15 be best filled by having available numerous 
multiples of the necessary reagents together 
with the appropriate instructions concerning 
the assay. Such a kit could be readily available 
by commercial shipping to satisfy the needs of 

20 the laboratories, hospitals and clinics. In 
accordance with this invention, there is a 
container having within it a multiplicity of 
smaller containers and contents, said con-
tents comprising the items enzyme catechol-

25 O-methyl transferase, the labeled methyl donor 
S - adenosyl - L - methionine(3H)methyI 
essentially free of unlabeled methyl donor, a 
cation of oxidation number +2 which allows 
a catechol-O-methyl transferase catalyzed O-

30 methylation of a catecholamine to proceed, a 
compound which stabilizes a catechol - O -
methyl - transferase - catecholamine enzyme-
substrate system, and an agent which selec-
tively removes calcium ions from interference 

35 with a catechol-O-methyl transferase catalyzed 
O-methylation of a catecholamine; with die 
proviso that the S - adenosyl - L - methionine-
(3H)methyI does not have any other item in 
its smaller container and with the overall 

40 proviso that each item is of such a quantity 
that the enzyme catalyzed transfer of methyl 
from the labeled donor to the catecholamine, 
initiated from the bringing together of all the 
items at a proper pH and temperature and in 

45 the presence of a catecholamine sample from 
a mammalian system selected from the group 
consisting of the supernatant of a deprotein-
ized homogenate, blood serum or plasma, and 
a biological fluid, shall O-methylate (3H) sub-

50 stantially all of the catecholamines in the 
sample. 

The larger container which holds the smaller 
containers can be made of any material which 
is reasonably impact resistant, e.g. Styrofoam 

55 (registered Trade Mark). The material is 
solid throughout with holes in the top where-
in the smaller containers, usually circular vials, 
will snugly fit. Inside the smaller containers 
will be contents which will go into the assay 

60 incubate. The labeled methyl donor should 
not have any other item in its container. The 
enzyme, cation, enzyme-substrate stabilizing 
compound, and agent which selectively 
removes calcium ion can each be within its 

65 own smaller container or any combination of 

them within a small container. Other reagents 
useful in the assay can also be included in the 
kit, for example, the buffer system being 
used to maintain the pH of the incubate and 
the incubate stopping solution. The incubate 70 
stopping solution should obviously not be 
present in any smaller container whose con-
tents have an incubate component The larger 
container holding the smaller containers is 
partially or wholly covered by a top which is 75 
free of the container or attached thereto in 
some manner as by a hinge. Within the con-
tainer or top or attached to the container or 
top is a means for providing instructions on 
the assay procedure. This means can be in 80 
the form of a printed sheet, a tape recording, 
or any other means which conveys the infor-
mation concerning the proper procedure for 
performing the assay. 

Because of the relatively unstable nature 85 
of some of the reagents, the kit should be 
kept at a reduced temperature when not in 
use, preferably below —20°C. 

It should be noted that the exemplification 
and preferences which apply to the assay com- 90 
ponents apply equally as well to the kit com-
ponents used in die assay. 

Throughout the specification and claims is 
the expression "0-methylated(sH)epinephrine 
and norepinephrine". It is to be understood 95 
that the norepinephrine is also O-methylated-
(3H). A similar interpretation is to be under-
stood when the (3H) is not present. 

The concentration of enzyme generally used 
in the incubation is that amount necessary 100 
to obtain maximal velocity with a given amount 
of methyl donor and catecholamine. 

Earlier in the specification, the acidic sol-
vent system for chromatographic separation 
was indicated as being preferred. A new pre- 105 
ference has been established for the basic 
solvent system, specifically 6 parts t-amyl 
alcohol: 2 parts benzene: 3 parts methylamine 
solution, volume to volume. 

When dealing with a mammalian tissue 110 
sample, the tissue must be disrupted and de-
proteinized prior to use in the assay. This 
can be done by means such as homogenizing, 
sonication or tissue press under pressure. The 
solid mass is separated from die liquid by 115 
centrifugation. The liquid supernatant is 
employed in the assay. The phrase "super-
natant of the deproteinized tissue homo-
genate" appearing through the specification 
and claims is intended to mean the super- 120 
natant of tissue disrupted by any means, not 
just homogenizing technique. 

A "tris" buffer is a tris(hydroxymethyl)-
aminomethane buffer. Such a buffer is used to 
maintain the pH of the incubate. 125 

When referring throughout the specifica-
tion to xylenes as a solvent which extracts 
the 0-methyIated(5H)catecholamines, o-
xylene is intended to be included as well as 
m- and ̂ -xylene. 130 
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Throughout the specification and claims, a 
component of the assay incubate has been "an 
agent which preferentially removes calcium 
ions from interference with the enzymatic 

5 reaction". The function of these agents is to 
stop the calcium ion from inhibiting the 
enzymatic reaction. Since enzyme activating 
cations of oxidation number +2 such as 
magnesium, cobalt and manganese are neces-

10 sary for enzyme activity, it is of course pre-
ferred to have an agent which selectively 
removes the calcium ion from interference with 
the enzymatic reaction, such as EGTA, leav-
ing the enzyme activating cation concentrations 

15 at a level wherein enzyme activation occurs. 
An agent which removes the calcium ion 

from interference with the enzymatic reaction 
need not do so preferentially but can still be 
used in the assay. For example, many chelating 

20 agents will remove significant quantities of 
magnesium, as well as calcium and can be used 
in the assay. The loss of available enzyme 
activating cation in the incubate can be over-
come by the addition of extra activating 

25 cation in sufficient quantity to produce sub-
stantial or preferentially optimal enzyme 
activity. 

Agents of this "nonselective" type which 
remove calcium from interference with the 

30 enzymatic reaction are illustratively ethylene-
(dinitrilo)tetraacetic acid (EDTA), usually as 
the sodium salt; 1,2 - diaminocyclohexane 
N,N,N',N' - tetraacetic acid; and N'(2 -
hydroxyethyl)ethylene diamine N,N,N' - tri-

35 acetic acid. The concentration of the agent in 
the assay is from about 2 to about 50 mM 
of agent, preferably about 5 to about 20 mM. 
Ethylene(dinitrilo)tetraacetic acid (EDTA) is 
the preferred compound of this category. The 

40 quantity of excess activating ion concentration 
needed in the incubate to achieve substantial 
or maximal enzyme activation can be readily 
calculated from knowledge of the binding 
capacity of the particular agent being employed 

45 or by simple experimentation. 
It is to be understood that this nonselective 

agent which also removes enzyme activating 
ions as well as calcium ion from interaction 
with the enzyme can be substituted for the 

50 "agent which preferentially removes calcium 
ions from interference with the enzymatic 
reaction" in the assay procedure. As an 
example of this further aspect of the inven-
tion is the composition which comprises the 

55 enzyme catechol-O-methyl transferase, a tri-
tium labeled methyl donor S - adenosyl - L -
methionine(3H)methyI essentially free of un-
labeled methyl donor, a cation of oxidation 
number +2 which allows the methyl transfer 

60 to proceed, a compound which stabilizes the 
enzyme-substrate system* an agent which 
removes calcium ions from interference with 
the enzymatic reaction and a mammalian 
system selected from the group consisting of 

65 the supernatant of deproteinized tissue homo-

genate, a blood serum or plasma, and a bio-
logical fluid, the transferase, cation, stabilizing 
compound, methyl donor, and agent which 
removes calcium ions present in such quan-
tities that substantially all the epinephrine, 70 
norepinephrine and dopamine present in the 
mammalian system are 0-methylated-(3H). 

WHAT WE CLAIM IS: — 
1. A method for analysing undifferentiated, 

total endogenous epinephrine and norepine- 75 
phrine levels in a mammalian system, which 
comprises: 

(a) incubating together a sample of the 
mammalian system; the enzyme catechol-O-
methyl transferase; the tritium labelled methyl 80 
donor S - adenosyl - L - methionine(3H)-
methyl, substantially free of unlabelled methyl 
donor; cations of oxidation number +2 which 
allow the methyl transfer to proceed; a com-
pound which stabilizes the enzyme-substrate 85 
system; and an agent which preferentially 
removes calcium ions from interference with 
the enzymatic reaction, the incubation con-
ditions being such that substantially all of 
the epinephrine and norepinephrine in the 90 
mammalian system are 0-methylated(3H); 

(b) extracting the O-methylated (3H) epine-
phrine and norepinephrine with an organic 
solvent; 

(c) repartitioning the O-methylated (3H) 95 
epinephrine and norepinephrine into an aque-
ous solution of an acid having sufficient 
strength to protonate the amine; 

(d) oxidizing the O-methylated (3H) epine-
phrine and norepinephrine to vanillin-3H; 100 

(e) extracting vanillin-3H from the aqueous 
solution with an organic solvent; and 

(f) counting die radiation emitted from the 
vanillin-3H. 

2. A method for differentially analysing the 105 
levels of epinephrine and/or norepinephrine 
in a mammalian system, which comprises 
carrying out steps (a) and (b) of claim 1; 

(c) repartitioning the O-methylated (5H) 
epinephrine and O-methylated (3H) norepine- 110 
phrine into an aqueous solution of an acid 
having sufficient strength to protonate the O-
methylated (3H) epinephrine and O-
methylated (3H) norepinephrine and being 
essentially residue free from evaporation; 115 

(d) chromatographically separating O-
methylated (3H) epinephrine from O-
methylated (3H) norepinephrine; 

(e) separately oxidizing the O-methylated 
(3H) epinephrine and/or the O-methylated 120 
(3H) norepinephrine to vanillin-3H; 

(f) extracting the or each vanillin-3H 
sample with an organic solvent; and 

(g) counting the radiation emitted from the 
or each vanillin-3H sample. 125 

3. A method for analysing the level of 
dopamine in a mammalian system, which 
comprises 
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(a) incubating together a sample of the 
mammalian system; the enzyme catechol-O-
methyl transferase; the tritium labelled methyl 
donor S - adenosyl - L - methionine(3H)-

5 methyl, substantially free of unlabelled methyl 
donor; cations of oxidation number +2 which 
allow the methyl transfer to proceed; a com-
pound which stabilises the enzyme-substrate 
system; and an agent which preferentially 

10 removes calcium ions from interference with 
the enzymatic reaction, the incubation con-
ditions being such that substantially all the 
catecholamines selected from epinephrine, 
norepinephrine and dopamine in the mam-

15 malian system are O-methylated (3H); 
(b) extracting the O-methylated catechol-

amines with an organic solvent. 
(c) repartitioning the extracted catechol 

amines into an aqueous solution of an acid 
20 having sufficient strength to protonate the O-

methylated (3H) catecholamines and being 
essentially residue free upon evaporation; 

(d) separating the O-methylated (3H)-
dopamine from die O-methylated (3H) epine-

25 phrine; 
(e) oxidising a solution containing O-

methylated (3H) norepinephrine and O-
methylated (3H) dopamine with periodate, to 
form vanillin-3H; 

30 (f) extracting the vanillin-3H with an 
organic solvent; 

(g) raising the pH of the aqueous periodate 
phase above 7; 

(h) extracting O-methylated (3H)-dopamine 
35 from the aqueous periodate phase with an 

organic solvent; and 
(i) counting the radiation emitted from the 

O-methylated (3H) dopamine. 
4. A method for analysing the level of 

40 dopamine in a mammalian system, which com-
prises carrying out steps (a), (b) and (c) of 
claim 3; 

(d) chromatographically separating the O-
methylated (3H) dopamine from the O-

45 methylated (3H) epinephrine and the 0-
methylated (3H) norepinephrine; 

(e) eluting the separated O-methylated 
(3H) dopamine; 

(f) extracting the separated O-methylated 
50 (3H) dopamine from the eluant at a basic pH 

with an organic solvent; and 
(g) counting the radiation emitted from 

the O-methylated (3H) dopamine. 
5. A method for purifying an O-methylated 

55 (3H) catecholamine selected from epinephrine, 
norepinephrine and dopamine obtained from 
a mammalian system, which comprises 

(a) incubating together a sample of the 
mammalian system; the enzyme catechol-O-

60 methyl transferase; a tritium labelled methyl 
donor; cations of oxidation number +2 which 
allow the methyl transfer to proceed; a com-
pound which stabilises the enzyme-substrate 
system; and an agent which preferentially 

65 removes calcium ions from interference with 

the enzymatic reaction, the incubation condi-
tions being such that substantially all the 
catecholamines in the mammalian system are 
O-methylated (3H); 

(b) extracting the O-methylated (3H) 70 
catecholamines with an organic solvent; 

(c) repartitioning the extract into an aqueous 
acid having sufficient strength to protonate 
the O-methylated (3H) catecholamines and 
being substantially residue-free upon evapora- 75 
tion; and 

(d) separating the acid phase from the 
organic phase. 

6. A method according to claim 3 or claim 
4 in which the incubate additionally includes 80 
an aromatic-L-amino acid decarboxylase 
inhibitor. 

7. A method according to claim 6 in which 
the inhibitor is benzyloxyamine or an acid 
addition salt thereof. 85 

8. A method according to claim 6 in which 
the inhibitor is 3 - hydroxy - 4 - bromobenzyl-
oxyamine or an acid addition salt thereof. 

9. A method according to claim 2 in which 
the protonating acid is formic, acetic or pro- 90 
pionic acid. 

10. A method according to any of claims 1 
and 3 to 8 in which the protonating acid is 
formic, acetic, propionic, sulphuric, phos-
phoric or hydrochloric acid. 95 

11. A method according to any of claims 
2 to 4 in which the separation is carried out by 
thin layer chromatography on silica gel. 

12. A method according to any of claims 
1 to 4 in which the counting of die vanillin- 100 3H is carried out in a liquid scintillation 
medium. 

13. A method according to any of claims 1 
to 4 in which the aqueous acid extract is 
dried down prior to the oxidation. 105 

14. A method according to any of claims 
1 to 4 in which the oxidant comprises meta-
periodate and silica gel. 

15. A method according to any preceding 
claim in which the mammalian system com- 110 
prises blood serum or plasma. 

16. A method according to any of claims 
1 to 14 in which the mammalian system com-
prises the supernatant of deproteinised tissue 
homogenate. 115 

17. A method according to claim 15 or 
claim 16 in which the mammalian system is 
human. 

18. A method according to any preceding 
claim in which the cations of oxidation num- 120 
ber +2 are magnesium, cobalt or manganese 
ions. 

19. A method according to claim 18 in 
which the cations are magnesium ions. 

20. A method according to any preceding 125 
claim in which the stabiliser is glutathione, 
dithiothreitol, ascorbic acid, sodium meta-
bisulphite, mercaptoethanol or cysteine. 

21. A method according to claim 20 in 
which the stabiliser is glutathione. 130 
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22. A method according to any preceding 
claim in which the agent which preferentially 
removes calcium ions is ethylene glycol bis-
(aminoethyl ether) - N,N' - tetraacetic acid. 

5 23. A method according to any preceding 
claim in which the catecholamine-O-methyl 
transferase is isolated from liver tissue. 

24. A method according to claim 23 in 
which the liver tissue is rat liver tissue. 

10 25. A method according to any preceding 
claim in which the organic solvent is benzene, 
toluene, m-xylene, p-xylene or isoamyl alcohol 

26. A method according to claim 25 in 
which the solvent comprises a mixture of 

15 toluene and isoamyl alcohol, the amount of 
toluene in the mixture being from 35 to 75 % 
by volume. 

27. A method according to any preceding 
claim in which the incubation is stopped prior 

20 to extraction. 
28. A method according to any preceding 

claim in which the aqueous phase is denser 
than the organic phase and is frozen prior to 
removal of the organic phase. 

25 29. A method according to any preceding 
claim in which the pH of the incubate is from 
7 to 10. 

30. A method according to claim 1 or claim 
2 substantially as described in any of the 

30 Examples. 
31. An assay kit comprising one or more 

containers in which are contained, individually 
or in any combination, the enzyme catechol-
O-methyl transferase; cations of oxidation 

35 number +2 which allow a catechol-O-methyl 
transferase catalysed O-methylation of a 
catecholamine to proceed; a compound which 
stabilises a catechol - O - methyl - transferase -
catecholamine enzyme substrate system; and 

40 an agent which selectively removes calcium 
ions from interference with a catechol-O-
methyl transferase catalysed O-methylation of 
a catecholamine; and a container containing 
the labelled methyl donor S - adenosyl - L -

45 methionine (3H) methyl, substantially free of 
unlabelled methyl donor and of the items 
named above. 

32. A kit as claimed in claim 31 having from 
two to seven containers. 

50 33. A kit as claimed in claim 31 or claim 32 
in which the containers are housed within a 
pack having a top which wholly or partially 
covers the containers. 

34. A kit as claimed in any of claim 31 to 
55 33 including instructions on the use of the 

contents of the containers in an assay for 
determining the level of epinephrine, nor-

epinephrine, dopamine or undifferentiated 
epinephrine-norepinephrine in an unknown 
sample. 60 

35. A composition which comprises the 
enzyme catechol-O-methyl transferase; the 
labelled methyl donor S - adenosyl - L -
methionine(3H)methyl, essentially free of un-
labelled methyl donor; cations of oxidation 65 
number +2 which allow methyl transfer to 
proceed; a compound which stabilizes the 
enzyme-substrate system; an agent which 
removes calcium ions from interference with 
the enzymatic reaction; and a mammalian 70 
system. 

36. A composition as claimed in claim 35 
in which substantially all the epinephrine, nor-
epinephrine and dopamine in the mammalian 
system are 0-methylated-(3H). 75 

37. A composition as claimed in claim 35 
or claim 36 in which the mammalian system 
is selected from the supernatant of deprotein-
ized tissue homogenate, blood serum or 
plasma, and a biological fluid. 80 

38. A composition as claimed in claim 37 
in which the mammalian system is blood 
serum or plasma. 

39. A composition as claimed in claim 38 in 
which the blood serum or plasma is human. 85 

40. A composition as claimed in any of 
claims 35 to 39 in which the agent which 
removes calcium from interference with the 
enzymatic reaction is selected from ethylene-
(dinitrilo)tetraacetic acid or a salt thereof; 90 
1,2 - diamine - cyclohexane N,N,N',N' -
tetraacetic acid; and N' - (2 - hydroxyethyl)-
ethylenediamine N,N,N' - triacetic acid. 

41. A composition as claimed in claim 40 
in which the agent is ethylene(dinitrilo)tetra- 95 
acetic acid. 

42. A composition as claimed in any of 
claims 35 to 39 in which the agent preferen-
tially removes calcium ions. 

43. A composition as claimed in claim 42 100 
in which the agent is ethylene glycol bis-
(aminoethylether) - N,N' - tetraacetic acid. 

44. A composition as claimed in any of 
claims 35 to 43 in which the cations are 
selected from magnesium, cobalt and man- 105 
ganese cations. 

45. A composition as claimed in claim 44 
in which the cations are magnesium cations. 

46. A composition as claimed in any of 
claims 35 to 45 in which the stabilizing agent 110 
is selected from glutathione, dithiothreitol, 
sodium metabisulfite, mercaptoethanol, 
cysteine and ascorbic acid. 

47. A composition as claimed in claim 46 
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