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An enzyme-radioimmunoassay for the measurement of dopamine is de-
scribed. It is based on the incubation of plasma or urine in the presence of
catechol-0-methyltransferase and S-adenosylmethionine. The 0-methylated
dopamine metabolite formed (3-0-methyldopamine) was characterized by
radioimmunoassay. As little as 0.5 ng of dopamine can be detected. The
assay was found to be specific, since no cross-reactivity was noted for sev-
eral compounds related to dopamine. The enzyme-radioimmunoassay of
dopamine was used to determine the concentrations of dopamine in urine
and plasma of normal volunteers. In this group, urinary dopamine averaged
182.1 = 2.2 ug/24 hr, and the plasma concentration 0.211 = 0.052 ng/ml.
However, in children with neuroblastoma, there was a several-fold increase
over controls in the average urinary and plasma levels of dopamine (8,500
u/24 hr and 2.3 ng/ml). The assay was also used to monitor blood levels of
dopamine following the administration of L-dopa and dopamine to patients

with cardiomyopathy.
J Nucl Med 19: 1217-1224, 1978

Numerous studies have indicated that the cate-
cholamines, dopamine, norepinephrine, and epineph-
rine, play an important role in the functioning of
the peripheral and central nervous systems (1,2).
Norepinephrine acts locally as a neurotransmitter on
effector cells of vascular smooth muscle, adipose tis-
sue, liver, heart, and brain. Epinephrine is primarily
located in the adrenal medulla and acts mainly as a
hormone on distant target organs after its release
from the adrenal gland into the blood stream. Dopa-
mine has two functions: it serves as a precursor of
norepinephrine and also as a neurotransmitter in the
areas of the brain involved in coordinating motor
activity where dopamine is localized (3,4).

The initial step in catecholamine biosynthesis in-
volves the hydroxylation of L-tyrosine to form
L-dihydroxyphenylalanine (L-dopa), a catechol
amino acid (Fig. 1). Once formed, L-dopa is rapidly
decarboxylated to dopamine through the catalytic
action of the enzyme aromatic L-amino acid decar-
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boxylase (5,6). Then norepinephrine and epineph-
rine are synthesized from dopamine by a series of
enzymatic steps (2). Catecholamines are metabolized
in the liver and in the effector cells by two enzymes,
catechol-0-methyltransferase and monoamine oxi-
dase, giving rise to acidic and 0-methylated products
(7,8) (Fig. 1).

Abnormalities in the biosynthesis and metabolism
of catecholamines have been associated with many
disease states including neuroblastoma (9,10), pheo-
chromocytoma (11), ganglioneuroma (/2), mela-
noma (13,14), thyrotoxicosis (I5), essential hy-
pertension (16), hepatic encephalopathy (17),
Parkinson’s disease (I8), and neuropsychiatric dis-
orders (19).
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Dopamine’s role in the genesis of extrapyramidal
disease was substantiated by the demonstration of
its deficiency in both the urine and brain of patients
with Parkinson’s disease (20). This led to the use
of its precursor (L-dopa) in the treatment of Parkin-
son’s disease (21). Furthermore, due to its unusual
cardiovascular and renal effects on specific receptors
(22), dopamine has also been used for the treatment
of shock (23,24) and congestive heart failure (25).

Several methods—including fluorometric (26-28),
ion-pair partition chromatography (29), liquid chro-
matography (30), and gas-chromatograpic mass-
fragmentography (31)—have been used for the
measurement of catecholamines in the biologic
fluids. Most of these methods are time-consuming,
however, and often present numerous problems re-
lating to precision and accuracy. In the last few
years, the development of radiometric methods
(32-34) for the assay of catecholamines has resulted
in a potentially simpler and more sensitive procedure
for their analysis.

Due to the potential role of dopamine in certain
metabolic diseases (35), we have developed an assay
for its measurement in human plasma and urine using
an enzyme-radioimmunoassay. It is based on the
conversion of dopamine to its 0-methylated metabo-
lite by catechol-O-methyltransferase and S-adenosyl-
methionine, and the formed product is estimated by
our recently developed radioimmunoassay for 3-0-
methyldopamine (36).

The availability of this assay allowed us to deter-
mine the plasma and urine levels of dopamine in nor-
mal volunteers. Furthermore, the diagnostic and
clinical applicability of the enzyme-radioimmunoas-
say of dopamine was evaluated by measuring dopa-
mine in children with neuroblastoma and in patients
receiving L-dopa and dopamine therapeutically.

MATERIALS AND METHODS

Except for S-adenosylmethionine, DL-dithiothre-
itol, and tris (hydroxymethyl) aminomethane, all
chemicals were obtained commercially from the same
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FIG. 1. Biosynthesis and metabolism
of dopamine. In the enzyme systems, TH
= ftyrosine hydroxylase, DD — dopa de-
carboxylase, SAM = S-adenosyimethio-
nine, COMT = catechol-0-methyltransfer-
ase, MAO — monoamine oxidase, DBH —
dopamine beta-hydroxylase, and PNMT —
phenylethanolamine-N-methyltransferase.

source, listed in articles by Faraj et al. (36,37). They
were of reagent grade and were used without fur-
ther purification. The antiserum against 3-O-methyl-
dopamine was prepared according to the method of
Faraj et al. (36).

Catechol-0-methyltransferase (COMT) prepara-
tion, COMT was purified from rat liver by a modi-
fication of the method of Axelrod and Tomchick
(38). Wistar rats (210-250 g) were killed by suf-
focation in a dry-ice chamber. The livers were im-
mediately excised and chilled on ice. All subsequent
manipulations were carried out at 0-5°C. Livers
(100 g) were homogenized* with isotonic KCl (400
ml) and centrifuged at 70,000 g for 30 min. The
supernatant was decanted, titrated to pH 5 with M
acetic acid, allowed to stand for 10 min, then cen-
trifuged at 500 g for 15 min. To the supernate frac-
tion (270 ml) was added ammonium sulfate (52 g).
The solution was allowed to stand for 15 min and
was centrifuged at 500 g for 10 min. The precipitate
was discarded and 34 g of ammonium sulfate were
added to the supernate fraction. After centrifugation
(500 g), the resulting precipitate was dissolved in
deionized glass-distilled water (50 ml) and dialyzed
overnight (18 hr) against potassium phosphate
buffer (0.01 M, pH 7.0; containing 0.1 mM dithio-
threitol). Dithiothreitol (67 mg) was added to the
dialyzed enzyme solution (50 ml) and the mixture
was then divided into 1-ml fractions and stored at
—80°C in plastic tubes until use. The final protein
concentration of the enzyme solution, as determined
by the Lowery method (39), was 27-35 mg/ml.
The enzyme preparation was found to be stable for
at least 3 mo.

Sample preparation. In order to determine the
endogenous level of dopamine in plasma, blood sam-
ples (10 ml) were collected into chilled evacuated
heparinized glass tubes containing sodium metabi-
sulfite (0.5 mg/ml of blood). The tubes were cen-
trifuged immediately (500 g, 10 min). The plasma
was separated, deproteinized with perchloric acid
(0.06 ml/ml of plasma), and then centrifuged as
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above. To the supernate was added EDTA (0.1 ml;
10% w/v), sodium metabisulfite (0.1 ml; 5% w/v),
and acid-washed alumina (100 mg) by the method
of Anton and Sayer (27). The pH of the mixture
was adjusted to 8.6. This was followed by centrifu-
gation, and the supernate fraction was discarded.
The alumina was washed twice with distilled water,
then eluted with 0.5 M perchloric acid (0.6 ml).
The dopamine in this fraction was analyzed as de-
scribed below. In blood samples (0.5 ml) obtained
from patients receiving dopamine and L-dopa for
therapeutic purpose, dopamine in plasma was ana-
lyzed directly without prior extraction. In this case,
blood samples were collected into chilled evacuated
tubes containing EGTA and glutathione (90 mg,
60 mg/ml; 0.02 ml of blood). The plasma was sepa-
rated by low-speed centrifugation of the sample at
4°C, and was frozen at —80°C until analysis. Fifty
ul of this was used for the analysis of dopamine by
enzyme-radioimmunoassay. For the measurement of
dopamine in urine, samples were collected over a
period of 24 hr into polyethylene bottles containing
30 ml of 6 N HC], and were stored at —80°C prior
to analysis(0.2 ml; 1:30 dilution).

Assay procedure. To determine the levels of dopa-
mine and 3-0-methyldopamine in the sample, each
one was incubated both in the presence and in the
absence of COMT preparation as described below.
The base for the reaction mixture was composed of
tris-HCI buffer (0.4 ml, 80 mM, pH 8.2), distilled
water (0.1 ml), MgCl; (0.2 ml, 24 mM), and
S-adenosyl-methionine (SAM) (0.2 ml, 19.2 uM
in a solution of sulfuric acid and ethanol, 9:1, pH
1-3). To this would be added one of the following:
a) for the development of a standard curve, 0.5-5
ng dopamine HCI in 0.2 ml of 0.01 N HCI; or b)
for urinalysis, 0.2 ml of a 1:30 dilution of the sam-
ple in 0.01 N HCI; or c) for plasma levels, 0.2 ml
of the perchloric acid solution (9.5 M, pH 2.3)
containing the dopamine extracted from plasma. The
above mixture was vortex-mixed. To this was added
COMT (0.05 ml). Blank tubes were prepared by
substituting 0.2 ml of distilled water for the sub-
strate or sample material. To determine the presence
of 3-0-methyldopamine in the sample alone, tubes
were prepared by substituting 0.25 ml of distilled
water for SAM and COMT. The reaction mixture
was incubated for 45 min at 37°C in a shaking water

-bath. Reaction was then stopped by addition of
.borate buffer (4 ml, 0.5 M sodium borate, adjusted
to pH 10.5 with 10 N NaOH). This was followed by
the addition of 1.5 g of NaCl and 0.3 g of anhydrous
Na,CO;. The 3-0-methyldopamine generated in the
" reaction tubes was then extracted into ethyl acetate
(30 ml). This was achieved by shaking the samples
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with the organic solvent for 30 min and then cen-
trifuging (500 g) for 10 min. An aliquot (25 ml) of
the ethyl acetate was removed; to the remaining
two-phase mixture, 10 ml of ethyl acetate were
added, and after shaking and centrifuging as above,
10 ml of solvent was withdrawn. The combined frac-
tions of ethyl acetate (35 ml) were evaporated to
dryness under N, at 40°C. The residue was recon-
stituted in 0.4 ml of sodium phosphate buffer (0.01
M, pH 7.4) and an aliquot of 0.3 ml was withdrawn
and analyzed for 3-0-methyldopamine by radioim-
munoassay, according to a modified procedure of
Faraj et al. (36).

RIA procedure. In 12- by 75-mm plastic tubes
were placed 0.3 ml of bovine serum albumin solu-
tion (0.5% w/v in 0.01 M sodium phosphate buffer
solution, pH 7.4, containing 0.03% w/v potassium
phosphate, 0.8% w/v NaCl, and 0.05% w/v hu-
man gamma globulin), 0.1 ml of antibody solution
(1:2500 dilution with phosphate buffer), and 0.1
ml of [3H] 3-0-methyldopamine (8000 cpm, sp. ac-
tivity 17 Ci/millimol; 0.085 ng) in phosphate buffer.
To obtain a standard curve, 0.05- to 1.5-ng quanti-
ties of stable 3-0-methyldopamine were added. For
plasma or urine levels, one adds aliquots of the so-
dium phosphate buffer (pH 7.4) containing the
formed 3-0-methyldopamine extracted from plasma
or urine after the enzymatic incubation. The tubes
were capped and incubated at 4°C for 3 hr. The free
and antibody-bound [3H] 3-0-methyldopamine frac-
tions were separated from 3-0-methyldopamine by the
addition of 0.5 ml of aqueous polyethylene glycol
6000 (30% w/v). The tubes were vigoroulsy vortex-
mixed. The percentage of free [3H] 3-0-methyldopa-
mine was determined by measuring the radioactivity
in the supernate. This was achieved by centrifugation
(2000 g, 4°C) of the above mixture for 40 min. The
supernates (0.2 ml) were then aspirated, placed in
scintillation vials, and diluted with 14 ml of scin-
tillation fluid before counting. Each sample was as-
sayed in triplicate. All samples were counted to
*+2% error. The dopamine level (ng/ml) in plasma
or urine is given by x;-x,, where x; is the sum of
the concentrations of dopamine and 3-0-methyldopa-
mine in the sample, and x. is the concentration of
3-0-methyldopamine in the same sample.

Specificity of the enzyme-radioimmunoassay. To
test for the specificity of the enzyme radioimmuno-
assay, several amino acids—metabolites and analogs
of dopamine—were incubated with COMT at con-
centrations of 0.5-100 ng/ml and the liberated
methylated products were then estimated by the
radioimmunoassay of 3-0-methyldopamine as de-
scribed above.

Patient population. Written informed consent was
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FIG. 2. Typical standard curve (semilog) showing inhibition of

binding of [*H] 3-O-methyldopamine to the antibody by various

ts of unlabeled 3-O-methyldopamine sample in 0.01 M so-

dium phosphate buffer. Each point represents average of sixty
determinations.

obtained from patients after the approval of the
protocol from the University Clinical Trials Commit-
tee. The study consisted of the analysis of dopamine
in urine and plasma, a) in a group of healthy nor-
mal volunteers, b) in patients with neuroblastoma,
and c) in patients receiving L-dopa orally (3 g/day)
and i.v. infusion of dopamine at a rate of 5 pg/
kg-min therapeutically.

RESULTS

Characteristics of the assay procedure. Several
buffer media with different molarity and pH were
tested, and tris. HCI (80 mM, pH 8.2) was found
to give the best enzymatic methylation efficiency for
dopamine. Because the enzyme preparation might
partly destroy dopamine during the enzymatic in-
cubation (through deamination by MAO, the hepatic
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FIG. 3. Typical standard curve (log) showing unity between
the amount of dopamine added (0.5-20 ng) and the 3-0O-methyldopa-
mine formed as determined by enzyme radioimmunoassay. Each
point represents average of ten determinations.
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TABLE 1. SPECIFICITY OF THE ENZYME
RADIOIMMUNOASSAY

Relative activityt

Substrate* (%)
Dopamine (3 ng) 80
L-dopa (3 ng) 17

* Three to 100 ng of each of the following compounds
were added to the standard reaction mixture and carried
through the assay for dopamine: norepinephrine, epineph-
rine, 3,4-dihydroxyphenylacetic acid, normetanephrine, meta-
nephrine, L-tyrosine, 3-4-dihydroxyphenethanol, 3-4-dihy-
droxyphenylglycol, tyramine, octopamine, 3,4-dihydroxyman-
dellic acid, 3,4-dihydroxybenzoic acid, synephrine, and
catechol. Less than 1% conversion of each to 3-O-methyl-
dopamine was noted in the assay.

1 Relative activity represents % conversion of three ng
of substrate to 3-0-methyldopamine.

enzyme monoamine oxidase), we tested for this by
assaying the enzyme preparation for MAO activity.
It was found that the COMT preparation did not
contain any MAO as determined by its inability to
deaminate [!4C] tryptamine (40). In agreement with
previous reports (33,38), Mg2t was required for
COMT activity at a concentration of 24 mM. How-
ever, levels greater than 45 mM inhibited the reac-
tion considerably. Time-dependence studies of the
methylation of dopamine (3 ng) with SAM (19
#M) and COMT demonstrated that the methylation
was essentially complete between 40 and 50 min.
The amount of protein in each COMT preparation
used for the incubation was determined by ascertain-
ing the dependence of methylation on the COMT
concentration. Saturation amounts of 1.2-1.7 mg
of each COMT preparation were used in each in-
cubation. The most valid blank was found to be the
one that contains COMT and SAM but no dopamine
in the preparation. The stability of the enzyme was
maintained at —80°C for at least 3 mo if the COMT
preparation was stored over dithiothreitol.

Radioimmunoassay of 3-0-methyldopamine. The
identity of the enzymatically formed 3-0-methyldopa-
mine was established by our recently developed and
improved radioimmunoassay for 3-0-methyldopa-
mine. The sensitivity of the assay is illustrated in
Fig. 2. A concentration of 0.5 ng/ml of 3-0-methyl-
dopamine could be detected by the antiserum of a
rabbit immunized with the 3-0-methyldopamine an-
tigen. As previously reported, this antiserum is very
specific, since several analogs and metabolites of
3-0-methyldopamine showed no appreciable cross-
reactivity with antiserum.

Sensitivity and specificity. The enzyme-radioim-
munoassay of dopamine exhibited linearity with
amounts of dopamine added ranging from one to at
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least 20 ng (Fig. 3). The sensitivity of the assays
(i.e., twice blank) was at least 0.5 ng of dopamine
per 1.1 ml of incubation mixture. The final overall
recovery of dopamine as the 3-0-methyldopamine
was 70-80%. The ability of the partially purified
COMT to methylate catechol derivatives was studied.
L-dopa was the only compound that cross-reacted
significantly with the enzyme-radioimmunoassay of
dopamine (Table 1). However, the addition of ben-
zyloxyamine (10~* M) to the incubation mixture
completely obviated this difficulty.

Precision. Within- and between-assay variation
was assessed for dopamine by assay of 24-hr urine
samples in the same as well as in a different assay
(n = 15), according to the method of Rodbard
(41). Intra- and interassay coefficients of variation
(CV) were 159% and 14.5%, respectively, for
dopamine in urine.

Studies in humans. In this investigation, plasma
and urine dopamine were determined in a group of
healthy normal volunteers of both sexes (25-40
years of age). The results indicated that average
plasma and urinary levels of dopamine were 0.211
=+ 0.052 ng/ml and 182.1 = 23.2 pg/24 hr (Table
2). The amounts of dopamine in the urine of pa-
tients with neuroblastoma were significantly elevated
(8500 pg/24 hr, p < 0.05) as compared with normal
subjects. In these patients, diagnosis of the tumor
was established histologically. Furthermore, plasma
dopamine was elevated significantly above the en-
dogenous level following the oral administration of

TABLE 2. URINARY AND PLASMA LEVELS
OF DOPAMINE
Dopamine
Sub-
ject® Status or Urine Plasma
No. disease ©g/24 hr ng/ml
1 Normal 149 —_
2 Normal 144 0.17
3 Normal 197 —_
4 Normal 192 0.21
5 Normal 159 0.25
[ Normal 175 _—
7 Normal 185 0.15
8 Normal 210 0.275
9 Normal 188 —_
10 Normal 2 —_
Average =+ s.d. 182.1 = 23.2 0.211 * 0.052
(range) (144-221) (0.15-0.275)
n Nevroblastoma 11400 4.21
12 Nevroblastoma 5600 2.3
* Average urinary excretion of 3-0-methyldopamine in nor-
mal subjects was found to be 62.8 =+ 43.70 ug/24 hr; it
was 1100 ug in patients with neuroblast
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TABLE 3. PLASMA DOPAMINE CONCENTRATIONS
FOLLOWING LV. INFUSION OF DOPAMINE
AND THE ORAL ADMINISTRATION OF L-DOPA
TO PATIENTS WITH CARDIOMYOPATHY

Dose/day
Plasma
Dopa- levels
mine dopa-
Sub- Disease Day ng/kg- L-dopa  mine
ject status (hr) min g (ng/ml)
1 Hyper- 1 13.3 —_
trophic (8 a.m.) 814
cardiomy- (4 p.m.) 554
opathy 2 17.8 —
(8 a.m.) 104.5
(1 p.m.) 136.9
3 10~>12 3
(12 noon) 206.3
4 11.1->83 6
(8 a.m.) 323
(4 p.m.) 415.6
5 - 8
(8 a.m.) 8.1
(4 p.m.) 29.1
2 Hyper- 1 - (]
trophic (11:30 369
cardiomy- a.m.)
opathy 2 —_ 4
(10 a.m.) 15.2

L-dopa and after the i.v. infusion of dopamine to
patients with hypertrophic cardiomyopathy (Ta-
ble 3).

DISCUSSION

The need for a fast, reliable procedure for the
measurements of catecholamines and their metabo-
lites is increasingly apparent as more correlations
become established between their concentrations in
body fluids and disease states (35,42).

The purpose of this communication is to report
a sensitive method for the determination of dopa-
mine in plasma and urine by an enzyme-radioim-
munoassay technique. Catechol-0-methyltransferase
(43), an important enzyme in the metabolism of
catecholamines in the central and peripheral nervous
system, was isolated from rat liver and partially
purified through repeated ammonium sulfate pre-
cipitation steps. The method used for the determi-
nation of catechol-O-methyltransferase activity was
based on the principle that the enzyme catalyzes the
transfer of methyl groups to substrates containing the
catechol grouping in the presence of S-adenosyl-
methionine as the methyldonor and magnesium ions
as the activator. In this case, dopamine was em-
ployed as the substrate for the enzymatic step. The
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end product of the enzymatic reaction, 3-0-methyl-
dopamine, was measured by radioimmunoassay.

During determination of catechol-0-methyltrans-
ferase activity, it is of paramount importance to pay
sufficient attention to the kinetics of the enzyme
reaction. Linearity between catechol-0-methyltrans-
ferase activity and incubation time, and between
enzyme activity and amount of enzyme preparation,
must be observed in any given experimental con-
dition. Creveling and Daly (44) point out that
regardless of the type of assay employed for catechol-
O-methyltransferase, the final concentration of sub-
strate, as well as Mg?*+ and S-adenosylmethionine,
should be such that maximal reaction rates are ob-
tained. Since the optimum concentrations of these
needed substances will depend on a number of fac-
tors—such as type and kind of preparation of tissue,
incubation medium, ionic strength and composition,
pH, temperature, etc.—they must be determined
experimentally under the prevailing conditions. For
example, we found higher activities with dopamine
as substrate for catechol-O-methyltransferase in tris
buffer (pH 8.2) than in the usual pH 7.0 phosphate
buffer, and also that maximum conversion of dopa-
mine (20 ng) was achieved at saturating concen-
tration of SAM (19 uM).

In spite of the broad substrate specificity of cate-
chol-O-methyltransferase, all known substrates are
characterized by a catechol configuration regardless
of other substituents in the aromatic ring. The list
includes endogenously occurring compounds such as
catecholamines and their metabolites (e.g., dopamine,
norepinephrine, epinephrine, 3,4-dihydroxyphenyl-
acetic acid, 3,4-dihydroxyphenylethanol, L-dopa,
3,4-dihydroxyphenylglycol), as well as ascorbic and
enediol steroids and foreign catechols such as 3,4-
dihydroxycinnamic acid (43).

The unique feature of the enzyme-radioimmuno-
assay of dopamine is its ability to identify the
0-methylated dopamine product directly in the re-
action mixture by our specific radioimmunoassay
(36) without prior chromatographic separation of
3-0-methyldopamine from the rest of the methylated
catechol derivatives. Furthermore, this method al-
lows the simultaneous determination of both dopa-
mine and its metabolite, 3-0-methyldopamine in the
same sample. Among the analogs that were employed
to determine the specificity of the enzyme-radioim-
munoassay of dopamine (Table 1), only L-dopa
exhibited considerable interference with the assay.
The problem was apparently due to contamination
of our partially purified preparation of catechol-0-
methyltransferase by aromatic amino acid decar-
boxylase activity. The addition of benzyloxyamine,
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a decarboxylase inhibitor, completely obviated this
difficulty.

The enzyme-immunoassay of dopamine represents
an accurate, reproducible, and sensitive method for
the quantification of dopamine in plasma and urine.
With this procedure, it was possible to determine as
little as 0.5 ng of dopamine in urine by direct analy-
sis. Below this level, a biologic fluid (such as
plasma) would have to be extracted and concen-
trated for analysis. However, the ease and the sim-
plicity of the extraction method (alumina) facilitated
the processing of multiple plasma samples.

The availability of the enzyme-radioimmunoassay
of dopamine has allowed us to use this technique to
determine the endogenous level of this catecholamine
in urine and plasma in a group of adult volunteers.
In this respect, only limited results of quantitative
urinary dopamine analysis have been published. A
comparison of our data with those reported in the
literature demonstrates that our findings for free
dopamine in the urine are similar to those reported
by Crout (45), Hoeldtke and Sloan (46), and
Hornykiewicz (21). The urinary excretion of dopa-
mine in man is much higher than that of norepineph-
rine and epinephrine (45,46). These differences
indicate a fairly high rate of formation and metabo-
lism (turnover) of dopamine in the whole organism.
We note, however, that dopamine levels in plasma
are very low compared with the urinary levels, The
large amounts of the amine in the urine suggested that
most of the urinary dopamine is actually formed in
the kidney, which is very rich in L-dopa decarbox-
ylase.

The diagnostic applicability of the enzyme-radio-
immunoassay of dopamine was evaluated by con-
firming the biochemical diagnosis of patients with
neuroblastoma (a dopamine-secreting tumor). In
these patients, there was a several-fold increase in
plasma and in the 24-hr excretion of dopamine and
its metabolite 3-0-methyldopamine, compared with
the levels in normal volunteers. The high output of
the O-methylated metabolite of dopamine in neuro-
blastoma is in agreement with what we have pre-
viously reported (36). These patients, however, did
not excrete appreciable amounts of homovanillic
acid (HVA), the terminal acidic metabolite of dopa-
mine (Fig. 1) in their urine. Of particular relevance
here is our conclusion that no single metabolite
alone serves as a reliable diagnostic marker for neu-
roblastoma, and that the entire metabolic pattern of
catecholamines must be examined.

The assay was also used to monitor blood levels
of dopamine following the oral administration of
L-dopa to patients with cardiomyopathy. Studies of
the pharmacokinetics of dopamine after L-dopa was
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found to be essential in optimizing the dosage sched-
ule of dopa for individual patients.

CONCLUSION

In summary, the quantitative enzyme-radioimmu-
noassay approach presented here for the determina-
tion of dopamine and its metabolite, 3-0-methyldopa-
mine, is rapid and reliable. In addition to the
evaluation of HVA and VMA in urine, the analysis
of dopamine and 3-0-methyldopamine may provide
a more specific and comprehensive test for the de-
tection of neuroblastoma. The test may also be help-
ful in monitoring the course of this disease and in
the assessment of the efficacy of treatment. Fur-
thermore, the enzyme-radioimmunoassay of dopa-
mine may also provide a sensitive technique for
studying the kinetics of dopamine after the admin-
istration of L-dopa. There are at least two advantages
to kinetic investigations rather than single measure-
ments of amine concentration in blood and urine.
The studies of kinetics are more likely to be sensi-
tive to small but physiologically important altera-
tions, and careful analysis of data might pinpoint the
cases of a lesion (47).

FOOTNOTE
* Polytron, Brinkman Instruments, Westbury, N.Y.
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THE PAUL C. AEBERSOLD AWARD FOR OUTSTANDING
ACHIEVEMENT IN BASIC SCIENCE APPLIED TO NUCLEAR MEDICINE

Nominations are invited for this award, which commemorates the contributions of Dr. Paul Clarence
Aebersold to the applications of nuclear physics to nuclear medicine and radiation biology, and his contrib-

Dr. Aebersold contributed greatly to the emergence of nuclear medicine as a discipline by his energetic
leadership in the provision of cyclotron-generated and reactor-produced radionuclides, and by his numerous

Above all, the Society thus signifies symbolically its appreciation of the warm and vital person who became
its first Honoary Member and whose enthusiastic encouragement and support contributed importantly to the
information and success of the Society of Nuclear Medicine.

Nominations should be supported by the curriculum vitae of the nominee and at least two letters sup-
porting the nomination. These letters should describe briefly the contributions in basic science for which the
nominee is proposed. The nominee need not be a member of the Society of Nuclear Medicine.

Please submit nominations and supporting documents to:

MERLE K. LOKEN, M.D.
Division of Nuclear Medicine
University of Minnesota Hospitals

Minneapolis, MN 55414
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