
Previous work from this laboratory in dogs with
â€˜4C-labeledprecursors of epinephrine has demon
strated that 14C-labeled 3,4-dihydroxyphenylethyl
amine (dopamine) concentrates more avidly in the
normal dog adrenal medulla than any of the other
labeled precursors tested (1 ) . The average adrenal
medulla-to-plasma ratio 6 hr after injection rose
from 20 after 3,4-dihydroxyphenylalanine (dopa)
to 740 after dopamine and then fell to 128 after
norepinephrine and 126 after epinephrine. Activity
concentrations in the adrenal medulla (cpm/mg)
were tyrosine 34, dopa 110, dopamine 422, norepi
nephrine 401 and epinephrine 243. Adrenal medulla
to-liver ratios were 90 at 6 hr and 112 at 24 hr.
The plasma concentration of 14C radioactivity from
dopamine fell more rapidly and to lower levels after
the first hour than after any other compound; a
more rapid urinary excretion was also found. The
percent of administered radioactivity from labeled
dopamine concentrated by the adrenal medulla was
higher than the percent of administered dose of
1811 reported in metastases from thyroid cancer.
These data suggested that similar studies after the
administration of labeled dopamine or similar com
pounds in patients with chromaffin tumors would be
worthwhile as the next step of a continuing effort in
this laboratory to obtain diagnostic and therapeutic
concentrations of labeled precursors of hormones in
cancers of endocrine glands.

This communication reports greater concentra
tions of radioactivity from labeled dopamine in hu
man neuroblastoma than in normal human adrenals,
and no significant concentration in a primary hepa
toma in a child or in a neurolemmoma in an adult.

MATERIAL AND METHODS

Labeled compound. l-14C-3,4,-dihydroxyphenyl
ethylamine hydrobromide (dopamine, New Eng
land Nuclear Corp.) with a specific activity of 2â€”10

mCi/mM was given intravenously: 5 pCi/kg body
weight to a maximum of 100 MCi, in 150â€”200ml
of 0.2% saline over approximately 20 mm, approxi
mately 2 hr before the excision of tissue at the op
crating room table.

Tissue samples. Blood samples were drawn 0.5, 1,
2 and 4 hr after injection.

Biopsies of skin, fat and muscle were obtained
during the operation to excise the tumor or the
adrenal gland and were weighed and frozen. The
adrenal gland, neuroblastoma and other tumors were
frozen in dry ice immediately after excision and then
weighed. Later, after partial thawing, most of the
adrenal medulla was scooped from the cortex and
weighed.

Daily urines were collected quantitatively for 3
days postoperatively.

Liquid scintillation counting. Two or more speci
mens of each tissue were then placed in a counting
vial and digested overnight in 0.3 ml of 10% NaOH.
They were dissolved by heating in near boiling water
for 30 sec and after cooling, 4 drops of 30% H2O2

were added. Then 10 ml of the liquid scintillation
system of Frenkel et a! (2) was added and the sam
pies counted twice in a liquid scintillation counter
(Nuclear-Chicago Mark I) . Data were expressed as
net cpm/mg of tissue with no correction for patient
weight. Quenching was corrected using an external
standard.

Determination of radioactivity distribution in
dopamine (DA) and in norepinephrine (NE) plus
epinephrine (E) fractions. Tissue samples were ho
mogenized in an ice bath in 10 volumes of trichloro

cetic acid (TCA) , and the homogenate was centri
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fuged for 10 mm at 2,500 rpm. The precipitate was
then reextracted three times with 5% TCA, and
the TCA extracts were combined. Ninety five to
97% of the radioactivity was recovered in the acid
extract.

The noncatecholamines were separated from the
catecholamines by alumina column chromatography
by the method of Crout (3) . Ninety seven to 99%
of the radioactivity was recovered in the acetic acid
eluate (catecholamines).

The NE plus E fraction was separated from the
DA fraction column by a slight modification of the
ion-exchange method of Bertler, Carlsson and Ro
sengren (4) . This modification consisted of intro
ducing an elution step with 0.3 N HC between the
0.6 N elution and the 3 N elution. This step gave
clearer separation of the NE plus E from the DA.
Figure 1 gives representative data for the column
separation of radioactivity from standard 14C-DA
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F10. 2. Representativedata for columnseparationof radio
activity from dog adrenal medulla extracts. At 1 and 2 hr after
injection appreciable amount of radioactivity is found in DA. By
6 hr radioactivity in DA is minimal. Most of radioactivity at 6 hr
is presentas NE and/or E. Patternis whatwouldbe expectedif
DA is immediate precursorof NE.

and 14C-NE. Figure 2 contains representative data
for the column separation of radioactivity from dog
adrenal medulla extracts (5) . At 1 and 2 hr after
injection an appreciable amount of radioactivity is
found in DA. By 6 hr the amount of radioactivity
in DA is minimal. Most of the radioactivity at 6 hr
is present as NE and/or E. This pattern is what
would be expected when DA is the immediate pre
cursor of NE.

Patients. Normal adrenal glands were obtained in
patient OD at the time of a bilateral adrenalectomy
on Feb. 6, 1967, for the treatment of carcinoma of
the breast metastatic to bone. Before surgery 91.6

@Ciof 14C-DA was given slowly intravenously. The
right adrenal was removed 3 hr and 45 mm after
injection and the left was removed 4 hr and 48 mm
postinjection. Fat and muscle biopsy specimens were

obtained immediately after the adrenalectomies.
TS, a 10-year-old girl, was admitted to the Uni

versity Hospital with a 1-month history of diarrhea,

crampy abdominal pains, weight loss and anorexia.
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FIG. 1. Separationof NE + E from DA achievedwith con
trol experiments using 14C-DAand â€˜4C-7-DL-E,both run separately
on Dowex 50 ion-exchange column (bottom portion of figure) and
together as mixture (top). Six fractions were collected (from an
ion-exchange column tube 200 X 0.5 mm) with 0.6 N HCI, 6 with
0.3 N HCI and then 8 with 3 N HCI. NE and E fractions form first
peak and DA second peak with number of fractions on abscissa
and cpm on ordinate.
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One week before admission she developed a cough
and her private physician obtained a chest x-ray
which showed multiple â€œcannon-ballâ€•lesions in both
lung fields. Total urinary catecholamines were about
twice normal levels. The VMA urinary excretion
was slightly above normal and plasma E and NE
levels were increased. One hour before surgery 100

@@Ciof 14C-DA was given intravenously in 5% glu
cose over a 75-min period. Two hours postinjection
a 35-gm tumor of the left adrenal was removed.
The pathological diagnosis of this tumor was neuro
blastoma. The tumor was cut into 7 samples and
the 14C radioactivity was assayed as before. The
percent of total administered radioactivity dose
found in tumor was also calculated using the weight
of the tumor.

MB was a 17-month-old girl with a hepatoma.
Two weeks before admission her mother noticed
enlargement of her abdomen and her father palpated
a mass in the child's right flank. At operation the
differential diganosis was between neuroblastoma,

. Wilm's tumor and primary hepatoma. The patient

was given 50 1@Ciof â€˜@C-DAintravenously over 10
mu. A large primary hepatoma was found at op
eration with other large tumor nodules in all lobes.
The tumor biopsy was done 1 hr after completion
of the intravenous injection.

VH was a 47-year-old woman seen in our oto
rhinolaryngology clinic for epistaxis. A granulating
mass was found in the vault of her nose, and a biopsy
was done. The pathological diagnosis was malignant
neuroblastoma, probably of olfactory origin. A lat
eral rhinotomy was performed on Nov. 20, 1967. A
three-quarter septectomy was performed to obtain a
good margin around a 2-cm tumor within the mucous
membrane of the nasal septum. One hour and 55
minutes before the tumor was excised 97.5 @Ci
14C.DA was given intravenously. The final. patho
logical diagnosis was neurolemmoma.

RESULTS

Tissue concentrations of radioactivity. Figure 3
contains data showing that all muscle, skin and fat
from all patients as well as the neurolemmoma had
14C radioactivity concentrations less than 10 cpm/

mg. The concentrations in left and right adrenal
medullas of the patient with breast cancer were 11
and 24 cpm/mg, respectively. Four aliquots of the
neuroblastoma contained 130â€”237 cpm/mg. The
primary hepatoma specimens had a mean counting
rate of 19 cpm/mg. The neuroblastoma was cal
culated to contain 1.9% of the dose in 32 gm of
tissue.

Incorporation of 14C-DA Into tissue catechola
mines. Although separation of catecholamine radio

activity was attempted in the neuroblastoma, the
hepatoma and the neurolemmoma, only the neuro
blastoma showed above background concentrations
of radioactivity in the catecholamine fraction of the
tumor. The conversion of DA to NE and E appears

to be more complete in this human neuroblastoma
at 2 hr than in the dog adrenal medulla at 6 hr. Fig
ure 4 shows that all detectable radioactivity is incor
porated into the NE and E fraction by 2 hr after
injection.
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FIG. 3. Tissueconcentrationof 14Cfrom 14C-DA2 hr after
injection (ordinate) vs. biopsy specimens (abscissa). All muscle,
skin and fat from all patients and neurolemmomatumor showed
14C radioactivity concentration of less than 10 cpm/mg. Concen
trations in left and right adrenal medullas of patient with breast
cancer were 11 and 24 cpm/mg, respectively. Four aliquots of
neuroblastoma contained 130â€”270cpm/mg. Primary hepatoma
specimens had mean counting rate of 19 cpm/mg.
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FIG. 4. 14Cradioactivitydistributionin neuroblastoma2 hr
after injection of 14C-DA. All detectable radioactivity has been
incorporated into NE and E fraction.
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reached values as great as 200 times that of control
subjects, exceeding the elevated excretion of NE
and four metabolites of NE and E. Values for uri
nary DA excretion in pg/mg of creatinine fell from
4.5 @Lgbefore operation to 0.8 @gafter complete
surgical removal of the tumor in one patient.

The 21 patients studied by Von Studnitz showed
individual patterns of excretion. It was suggested that
these differences might be considered to be depend
ent chiefly on the enzymatic and physiochemical
properties of each particular tumor. It was con
cluded, however, that for the group as a whole, large
amounts of DA appear to be produced from tyrosine,
resulting in an increased formation of its catechola
mine products in the tumor as well as a release of

significant amounts of DA and its metabolites in the
blood. As judged from the urinary findings the
tumors contain enzymes inactivating as well as en
zymes synthesizing catecholamines since the levels
of normetanephrine and vanyll mandelic acid were
frequently much higher than would be expected
from NE secreted by the tumor, the latter being
manifested by the levels of amine in the urine.

Studies of 131!concentration in thyroid carcinoma
I@ I@ I metastases at necropsy have shown values up to

/2 I 2 4 @7 0.275% of the administereddose/gm of tissue
Time (8,9) . The neuroblastoma in our patient was found

to contain 1.9% of the dose/32 gm of tissue or
0.06% /gm. These concentrations would be suffi
cient to image neuroblastoma metastases with a
radioisotope camera or a scintillation scanner if a
suitable radioiodinated derivative of DA could be
synthesized that would concentrate in a manner
similar to 14C-DA in the neuroblastoma.

We are encouraged by the successful radioiodina
tion in our laboratories by Dr. Counsel! of 1251ortho,
meta, and para iodophenylalanine, a precursor of

DA. The radioiodination of this amino acid pre
cursor of DA did not destroy its specificity of con
centration in the pancreas of mice with malignant

melanomas (10).
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FIG. 5. Rapidlydecreasingblood radioactivityconcentration
in three patients, tending to plateau at 2 hr after injection. N.B.
is neuroblastoma patient, N.A. is normal adrenal patient and
N.L. is neurolemmoma patient.

Blood radioactivity. Figure 5 shows the rapidly
decreasing blood radioactivity concentration in three
of these patients, tending to plateau at very low
levels 2 hr after injection.

Urinary excretion. Unfortunately the patients
were not studied in a clinical research unit, and 24-

hr urine collections were incomplete. Radioactivity
concentrations fell rapidly to a plateau by the end
of 24 hr as one would expect from dog data (1).
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Papers are solicited for this Conference to be held at the Sheraton-Boston Hotel, Boston, Mass.,

Aug. 11â€”15,1969. Papers may be on any aspect of the application of physics and engineering tech

nology to medicine, including applications in nuclear medicine, radiology, cardiology, anaesthesiol

ogy, surgery and internal medicine. The emphasis will be on physical techniques to aid medical

diagnosis and therapy, including the uses of nuclear radiations, x rays, heat, light and sound, the

measurement of electrical signals in the body, and associated instrumentation and data handling

methods.

Abstracts in English of no more than 250 words should be submitted before February 28, 1969.

A brochure on the Conference, together with registration and abstract material, is obtainable from:

MR. W. T. MALONEY

Conference Coordinator

Second International Conference on Medical Physics

6 Beacon Street, Suite 620

Boston, Massachusetts02108




