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Dopamine (3-Hydroxytyramine) Metabolism in Parkinsonism

MCC. GOODALLand HARoLDALTON

From the, Department of Surgery and Physiology, University of Texas Medical
Branch, Galveston, Texas 77550

A B S T R A C T Three patients with idiopathic parkin-
sonism and six normal subjects were infused over a 4 hr
period with 104.6 sc of dopamine-2'C (3,4-dihydroxy-
phenylethylamine, 3-hydroxytyramine) ,' the immediate
precursor in the synthesis of the sympathetic neuro-
hormone, noradrenaline (norepinephrine). Urine was
collected during the infusion period, 0-2 hr, 2-4 hr,
4-8 hr, 8-24 hr, and thereafter for 4 additional days.
Using a technique herein described, the various meta-
bolic and biosynthetic products of dopamine, including
noradrenaline and its metabolic products, were separated,
identified, and their radioactivity measured.

The metabolic pattern of dopamine in the normal sub-
ject was compared to that of the three parkinsonism
patients. The results indicate that in idiopathic parkin-
sonism there is a decrease in the recovery of free radio-
active noradrenaline in the urine following an infusion
of dopamine-2-"'C and a slight shift toward dopamine
metabolism. The latter is reflected by an increase in the
following metabolites of dopamine: 3,4-dihydroxyphenyl-
acetic acid and the conjugates of 3-methoxy-4-hydroxy-
phenylacetic acid, 3,4-dihydroxyphenylacetic acid, 3-
methoxy-4-hydroxyphenylethanol and dopamine.

INTRODUCTION
Dopamine (3,4-dihydroxyphenylethylamine, 3-hydroxy-
tyramine) was originally synthesized in 1910 by Man-
nich and Jacobsohn (1). However, it was not until 1950
that this amine was found in mammalian tissue, at which
time Goodall demonstrated its presence in the heart
(2, 3) and in the adrenal gland along with L-DOPA
(3,4-dihydroxyphenylalanine) (3, 4). Since then dopa-
mine has been demonstrated in multiple tissues (5-12),
urine (13-16), and brain (17, 18). In 1959, Bertler and
Rosengren (19), Sano et al. (20), and later others (21-
23) showed that dopamine existed in relatively high

1Dopamine-2-1'C HCI (3,4-dihydroxyphenylethylamine,
3-hydroxytyramine), Nuclear-Chicago Corporation, Des
Plaines, I11.

Received for publication 14 February 1969 and in revised
form 25 July 1969.

concentrations in the corpus striatum. However, it was
Ehringer and Hornykiewicz (24) who first reported a
decreased dopamine in the corpus striatum of patients
with parkinsonism; subsequently, others confirmed this
finding (25-27). Barbeau., Murphy, and Sourkes demon-
strated a decreased urinary output of dopamine in park-
insonism (28). More recently L-DOPA has been used in
the treatment of parkinsonism with varied success (29-
38); nevertheless, Cotzias et al. (37, 38) showed that
with large daily doses (from 300 mg to 8 g) of L-DOPA
a sustained improvement could be produced.

It is well established that L-DOPA and dopamine are
precursors to noradrenaline, (norepinephrine) (3945).
Further, it has been shown that the sympathetic nerves
and ganglia synthesize noradrenaline, but not adrenaline
(42); noradrenaline is also found in the higher centers
(46-50) including the basal ganglia (20-24, 26). Re-
cent evidence seems to indicate that dopamine is a neuro-
hormone with transmitter functions in the central
nervous system (22, 26, 27, 51-65). In view of these
findings and the fact that both dopamine and noradrena-
line are decreased in the caudate, putamen, and sub-
stantia nigra in parkinsonism (24), attention is naturally
focused on the interrelationship of these two amines in
this disease, and more specifically, -as to whether or not

there is an aberration in synthesis or metabolism of
dopamine and/or noradrenaline in parkinsonism. There-
fore, these experiments were designed to evaluate more

precisely the metabolic and precursor product relation-
ship of dopamine in parkinsonism.

METHODS
General. Dopamine metabolism and noradrenaline syn-

thesis were evaluated in three patients with idiopathic park-
insonism and six normal healthy male subjects between 21
and 35 yr. The dopamine metabolism and the noradrenaline
synthesis of the two groups were compared. All medication
was discontinued on the parkinsonism patients 3-4 wk before
the dopamine infusion. The patients as well as the normal
subjects were maintained on bed rest during the infusion and
for 24 hr postinfusion. Thereafter, patients and subjects
alike were maintained in sedentary states during the remain-
ing collection periods. Each patient was selected in order

2300 The Journal of Clinical Investigation Volume 48 1969
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Period of urine
collection

During infusion

2 hr postinfusion

2- 4 hr

4- 8 hr

8- 24 hr

24- 48 hr

48- 72 hr

72- 96 hr

96-120 hr

Beginning infusion to
24 hr. %of dose
recovered

To 120 hr

TABLE I
Excretion Pattern of the Basic Metabolites, Acidic Metabolites, and Biosynthetic Products of Dopamine after a 4 hr

Subject

A. K.
C.J.
B. G.

Normal

A. K.
C.J.
B. G.

Normal

A. K.
C. J.
B. G.

Normal

A. K.
C. J.
B. G.

Normal

A. K.
C.J.
B. G.

Normal

A. K.
C. J.
B. G.

Normal

A. K.
C. J.
B. G.

Normal

A. K.
C. J.
B. G.

Normal

A. K.
C.J.

'B. G.

Normal

A. K.
C. J.
B. G.

Normal

A. K.
C. J.
B. G.

Normal

%of the
infused

dose

39.4
40.7
33.7

38.9 ±3.6

17.3
16.8
17.3

16.5 42.1

8.4
9.4
9.9

9.6 ± 1.5

11.8
10.2
11.5

9.1 ±0.5

16.1
15.6
16.3

13.5 ±2.1

2.2
5.4
6.0

5.64 1.0

1.7
1.7
3.2

2.2 40.4

0.6
0.6
1.3

1.2 40.3

0.3
Tr
0.6

0.64±0.2

93.0
92.7
88.7

87.6±3.1

97.8
100.4
99.8

97.2 ±3.5

Basic metabolites
%of radioactivity recovered in each collection period

Adr

Tr
Tr
Tr

Tr

Tr
Tr
Tr

Tr

Tr
Tr
Tr

Tr

Tr
Tr
Tr

Tr

Tr
Tr
Tr

Tr

Tr
Tr
Tr

Tr

Tr
Tr
Tr

Tr

Tr
Tr
Tr

Tr

Tr
Tr
Tr

Tr

Noradr

Tr
Tr
Tr

2.9 40.3

Tr
0.3
0.3

0.9 40.3

0.5
0.3
0.1

0.6 40.2

0.1
0.5
0.4

0.7±0.1

0.2
0.2
0.4

0.7 ±0.1

Tr
0.1
0.4

0.5±0.1

Tr
Tr
0.5

0.5 40.1

Metadr

Tr
Tr
Tr

Tr

Tr
Tr
Tr

Tr

Tr
Tr
Tr

Tr

Tr
Tr
Tr

Tr

Tr
Tr
Tr

Tr

Tr
Tr
Tr

Tr

Tr
Tr
Tr

Tr

Tr
Tr
Tr

Tr

Tr
Tr
Tr

Tr

NM

Tr
0.2
Tr

0.2 40.1

Tr
0.1
0.2

0.34±0.1

0.3
0.3
0.5

0.340.1

0.2
0.3
0.2

0.4±0.1
0.2
0.3
0.3

0.3±0.1

Tr
0.2
0.1

0.54±0.1
Tr
Tr
0.3

0.540.1

3-HT 3-MT

1.1
7.5

13.8

8.1± 1.5

0.3
0.1
1.9

0.9 ±0.4

0.2
Tr
0.1

0.2 40.1

0.4
Tr
0.2

0.24±0.1
0.3
Tr
0.3

0.1 ±0.1
Tr
Tr
0.2

Tr
Tr
Tr

Tr

Tr
Tr
Tr

Tr

Tr
Tr
Tr

Tr

Tr
Tr
Tr

Tr

Tr
Tr
Tr

Tr

Tr
Tr
Tr

Tr

Tr
Tr
Tr

Tr

Tr
Tr
Tr

Tr

Tr
Tr
Tr

Tr

Unk

1.5
Tr
Tr

1.1 40.7

0.4
0.2
0.2

0.2 40.1

Tr
0.3
Tr

Tr

0.1
1.0
Tr

Tr

Tr
0.2
Tr

Tr

Acid metabolites
%of radioactivity recovered

in collection period

Dowex- 1 3-MT NM
effluent PsUnk conj conj

3.8
1.3
Tr

1.7 ±0.2
1.3
0.7
Tr

1.0 ±0.2
0.6
0.9
0.6

0.9 40.2

1.2
1.1
0.7

0.84±0.3
0.8
1.0
1.0

0.8 ±0.3
0.8
1.0
0.8

0.7 ±0.2
1.3
Tr
0.9

1.340.5

2.6
4.8
4.4

2.34 1.0

Tr
0.6
1.6

1.0 ±0.4
0.8
0.2
0.9

0.5 ±0.3
0.6
0.2
0.5

0.44±0.2
0.8
Tr
0.7

0.64±0.2
0.9
0.6
0.9

0.94±0.3
Tr
1.2
0.8

1.0 40.3

0.8
0.7
0.9

1.0±-0.3
Tr
Tr
Tr

1.0 40.5

3.5
5.6
4.0

3.64±1.1
7.4

10.9
5.5

8.0 ±2.3
10.7
14.3

8.6

10.4±t1.4
9.1

16.5
10.4

14.3 ±2.0
9.9

14.1
8.3

9.5 ±t2.1
7.7

13.2
4.6

6.1±42.1
7.1
6.0
2.0

3.2 40.7

6.2
7.0
1.5

2.5 ±0.4

2.1
6.6
4.1

2.8 ±0.7
5.7

11.4
6.3

6.3 ±0.1
10.4
16.4
11.1

7.840.7

6.5
11.0

8.4

8.4± 1.8

8.2
5.1

10.9

5.5 ±41.6
5.4
3.8
4.6

4.6±0.1
5.4
5.1
5.1

3.9± 1.0

2.4
6.2
3.1

3.7 40.4

3.8 1.1 Tr 7.7

2.841.0 Tr 2.641.0 3.8±1.1

%of infused dose %of infused dose

Tr
Tr
Tr

Tr

Tr
Tr
Tr

Tr

0.1
0.6
0.2

1.5 ±0.2
0.1
0.6
0.2

1.5 ±0.2

Tr
Tr
Tr

Tr

Tr
Tr
Tr

Tr

0.1
0.2
0.1

0.2 ±0. 1

0.1
0.2
0.2

0.3±0.1

0.6
3.1
5.1

3.3 40.7

0.6
3.1
5.1

3.3 40.7

Tr
Tr
Tr

Tr

Tr
Tr
Tr

Tr

0.7
0.2
Tr

0.4±0.3
0.7
0.2
Tr

0.4 ±0.3

2.0
1.0
0.3

1.1±0.2
2.1
1.1
0.5

1.2 ±0.2

0.4
0.4
1.1

0.7 ±0.3
0.4
0.5
1.1

0.8 ±0.3
I_________II L1± . II

6.2
9.3
5.7

6.3± 1.4

6.5
10.2

6.1

6.7 ±41.5

4.8
8.1
6.3

4.5 40.7

5.0
8.4
6.8

4.8 ±0.7

2302 McC. Goodall and H. Alton

Adr, adrenaline; Noradr, noradrenaline; Metadr, metadrenaline; NM. normetadrenaline; 3-HT, 3-hydroxytyramine (dopamine); 3-MT, 3-methoxytyra-
mine; Unk, unknown; Conj, conjugate; MOMA,3-methoxy-4-hydroxymandelic acid; HVA, 3-methoxy-4-hydroxyphenylacetic acid; DOMA, 3,4-dihy-
droxymandelic acid; DOPAC, 3,4-dihydroxyphenylacetic acid; MHPGConj, 3-methoxy-4-hydroxyphenylglycol conjugate; MHPEConj, 3-methoxy-4-
hydroxyphenylethanol conjugate; Tr. trace.



Infusion of Dopamine-2-14C; Comparison of Normal Subjects and Three Patients with Idiopathic Parkinsonism

Acid metabolites
%of radioactivity recovered in collection period

Noradr 3-HT P. Unk MOMA HVA DOMA Pul Unk DOPAC Pi2 Unk MHPE PDOPUnCMOMA kVAp IJkconj conj HP conj conj conj

0.8
1.2
3.0

1.9 40.7

2.9
2.1
3.2

2.5 1.1

5.3
3.8
3.8

4.3± 1.3

6.3
4.4
7.0

7.6 ±0.5

9.9
4.0
9.7

12.0 1.0

12.2
7.3

11.5

15.1 ±3.0

11.4
8.7

12.2

17.7 ±2.2

10.8
5.2

13.8

17.2 43.0

3.3
2.9
1.7

2.3±+0.4

7.5
8.7
5.2

6.5 1.0

13.6
13.9

6.4

11.8±0.8

15.1
15.7
19.1

15.8± 1.5

22.9
24.1
17.7

23.4±3.7

33.8
30.8
24.5

35.9 43.8

37.5
35.2
27.3

39.04 1.6

42.0
33.4
39.8

42.1 ±3.5

47.1
44.9
31.1

47.8 ±2.9

36.3
23.5
26.8

36.3 ±4.2

15.0
8.4

10.8

20.441.6

8.7
2.9
8.6

6.5± 1.4

2.9
Tr
2.2

2.7 40.9

Tr
Tr
2.5

1.8 ±0.4

Tr
Tr
1.6

Tr

Tr
Tr
Tr

Tr

Tr 14.7 31.5 Tr

Tr 20.1 ±4.0 34.4 44.6 Tr

3.0
1.4
2.5

Tr

3.7
3.0
2.5

1.5 ±0.5

5.2
Tr
1.3

1.6 ±0.4

1..6
1.2
1.3

1.2 ±0.2

3.7
Tr
0.4

0.9 ±0.4

Tr
Tr
Tr

Tr

Tr
Tr
Tr

Tr

Tr
Tr
Tr

Tr

Tr
0.9
Tr

1.9 1.0

Tr
0.9
2.7

4.1±1.0

0.9
0.9
2.4

1.5 ±0.4

1.6
0.8
1.0

2.0 ±0.7

Tr
0.8
Tr

2.1 ±0.4

4.2
0.9
2.3

2.3 40.2

3.8
Tr
2.2

2.6±0.5

4.3
Tr
1.6

2.6 40.5

10.2
12.7

9.1

2.04±1.2

4.1
Tr
2.5

4.0 ±0.6

1.6
Tr
Tr

4.4±1.0

1.6
Tr
2.6

1.7 ±0.5

1.6
Tr
Tr

Tr

Tr
Tr
Tr

Tr

Tr
Tr
Tr

Tr

Tr
Tr
Tr

Tr

Tr
Tr
Tr

1.440.5

Tr
1.1
Tr

1.5± 1.3

Tr
1.1
1.6

1.3 ±0.4

0.5
Tr
1.2

2.0 40.6

Tr
Tr
1.2

2.5 ±0.7

2.6
2.0
3.1

2.6± 1.0

Tr
2.1
3.3

2.8 ±0.7

Tr
2.1
2.2

2.9 ±0.3

3.6
2.5
4.3

3.04 1.2

3.4
7.0
6.5

2.8± 1.0

8.0
9.8
5.9

5.8± 1.5

8.1
13.6

7.6

7.1±40.9

13.5
17.2
11.4

10.4± 1.6

15.3
19.3
13.4

11.64±2.1

16.5
19.8
11.6

11.7-± 1.3

13.3
18.9
12.7

12.8 ±3.4

4.8
4.0
9.2

3.9 40.7

7.4
6.1

11.5

7.2 ±2.2

12.5
8.4

10.1

8.6±1.9

12.3
9.8

12.0

9.0±1.4

14.6
10.2
13.6

11.143.0

14.5
11.9
11.9

8.3± 1.2

14.2
12.8
10.1

6.641.2

12.6
12.5

9.7

8.2 ±2.1

Tr
Tr
Tr

1.4±0.4

1.1
0.7
3.4

2.4 1.0

1.2
1.6
3.6

3.8 ±0.9

2.5
1.7
2.9

3.7 1.0

Tr
1.8
2.5

3.4 ±0.3

Tr
1.7
5.2

2.84±1.0

Tr
2.6
3.7

3.3±1.0

Tr
4.8
2.7

3.04±1.8

Tr Tr Tr 5.5 13.5 9.5 1.5

Tr 3.0±0.8 Tr 2.5±0.6 13.644.5 8.8±3.0 2.5±1.1

7.0
5.1
6.5

5.3 ±2.0

7.6
11.6

8.4

6.442.1

6.5
7.2

16.2

6.0 40.9

4.3
5.7
4.0

4.841.8

3.8
3.0
3.6

4.7 40.3

2.1
2.7
4.5

4.3±1.8

Tr
Tr
6.2

2.5 ±0.5

Tr
Tr
2.4

1.9 40.5

4.2
3.2
5.4

4.3± 1.0

4.8
7.4
4.8

6.04±1.5

5.4
7.3
5.0

5.0 ±2.0

6.0
7.2
5.1

6.6 ±2.0

3.7
5.1
6.3

3.8± 1.1

3.1
4.3
3.1

2.2 40.6

Tr
3.7
Tr

Tr

Tr
3.8
2.6

Tr

5.2 4.0

4.1±0.6 Tr

%of infused dose

4.4 2.0 3.6 9.2 27.6 3.0 0.3 5.3 0.1 5.8 8.0 0.6 5.7 4.2
2.2 2.6 2.3 9.3 23.3 1.2 0.8 5.2 0.3 7.2 6.0 0.7 5.7 4.7
2.6 2.7 4.3 7.2 17.5 1.6 0.8 3.8 0.5 5.9 9.7 1.7 6.3 4.7

2.440.6 1.5 +0.4 3.9±0.7 7.74-1.0 27.5±42.2 0.640.2 2.0±40.7 2.0±0.7 1.4±0.6 4.2 41.1 5.8±-1.3 2.1±-0.5 4.840.1 4.2±-1.1

4.6 2.1 4.1 10.8 27.6 3.0 0.4 5.3 0.1 6.5 8.6 0.6 5.8 4.3
2.4 2.7 2.8 11.8 23.3 1.2 0.9 5.2 0.4 8.7 7.0 0.9 5.8 5.1
2.9 3.0 5.7 10.2 17.7 1.6 1.0 3.8 0.8 7.3 10.9 2.1 6.8 5.0

2.6±0.6 1.540.4 5.441.0 11.3±-1.4 27.6±2.2 0.6±-0.2 2.3±0.7 2.0±0.7 1.7±0.7 5.4±-1.3 6.6±1.5 2.4±0.5 5.14±0.1 4.4±1.2
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1.0
2.6
2.6

1.0 40.3

3.0
2.9
4.0

2.5 ±0.5

3.4
3.3
3.5

1.7 ±0.5

3.7
3.8
3.3

2.8 ±0.3

2.3
2.3
2.8

2.3 ±0.8

2.3
1.6
3.3

Tr

Tr
2.1
2.2

Tr

Tr
Tr
2.3

Tr

2.9
1.0
1.4

1.8 ±0.5

4.9
2.7
3.2

3.2 ±0.5

4.5
2.5
1.9

4.44±0.4

9.0
5.4
3.4

4.5 ±0.9

6.4
3.9
6.2

3.2 ±0.9

1.6
2.2
3.2

1.2 40.2

1.2
1.2
0.9

Tr

5.9
1.1
1.1

Tr

1.8

Tr



1.8
1.7

1.6-
1.5'
1.4

%of the
Infused
Dose

1.3
1.2-
1.1-

1.0-

0.9'

Normal

Parkinsonism

0.3

0.2 B.G.C. J.
0.1- ' - 9 .A.K.

Infus;on Period 0 4 8 24 72

HOURSPOSTINFUSION

FIGURE 2 The accumulative recovery of the infused radioactivity as noradrenaline from the
beginning of the infusion to 72 hr after infusion of dopamine-?-J4C. A comparison between
normal subjects and three patients with idiopathic parkinsonism.

to obtain typical cases of idiopathic parkinsonism, see case
summaries as follows:

1. A. K, 57 yr old male. Onset 8 months before admission.
Admission: BP 110/70, pulse 60, resp. 20, temp. 98.60. Past
history: Noncontributory, no history of encephalitis or influ-
enza. Laboratory: Blood and urine analysis within normal
limits, normal chest X-ray, Grade I and II/IV systolic ejec-
tion murmur. Physical: Progressive weakness, masked facies,
cogwheel rigidity in both arms, but in the right more than in
the left, festinating gait, bilateral nonintention tremor of
hands and right leg. No pathological reflexes. No sensory
defects.

2. C. J., 58 yr old male. Estimated onset 25 yr before
admission but progressive for past 10 yr. Admission: BP
118/70, pulse 72, resp. 20, temp. 98.00. Past history: Non-
contributory, no history of encephalitis or influenza. Labora-
tory: Blood and urine analysis within normal limits. Normal
chest X-ray and electrocardiogram. Physical: Progressive
weakness, impaired speech, masked facies, cogwheel rigidity,
festinating gait, bilateral nonintention tremor of right and
left hands, lip and jaw tremor. Deep tendon reflexes, equal
bilaterally. Cranial nerves and sensation intact.

3. B. G., 69 yr old male, onset 5 yr before admission.
Admission: BP 100/70, pulse 72, resp. 18, temp. 98.60. Past
history: Noncontributory, no history of encephalitis or influ-
enza, mother died of influenza, 1917. Laboratory: Blood and
urine analysis within normal limits, except positive for
venereal disease (VDRL), normal chest X-ray and electro-
cardiogram, negative brain scan. Physical: Progressive weak-
ness, masked facies, cogwheel rigidity, festinating gait,
bilateral nonintention tremor of left and right hands. The
neurologic exam was otherwise normal except for mild
impairment of vibratory sensation and light touch in ex-
tremities.

Each patient and normal subjects were infused with
104.8 Ac (872 /Ag) of dopamine-2-"C, (3,4-dihydroxyphenyl-
ethylamine, 3-hydroxytyramine). The labeled dopamine was
dissolved in 1000 ml of physiological saline and infused via
the antecubital vein over a 4 hr period at a constant rate.

Urine was collected during the infusion period and at 2-hr
intervals for the first 4 hr postinfusion. It was then collected
at the end of 8, 24, 48, 72, 96, and 120 hr. The urine samples
were frozen immediately and stored at -20°C until assayed.

The method for isolating and quantifying endogenous nor-
adrenaline and the metabolic products of noradrenaline, as
well as the metabolic products of dopamine, has been pre-
viously described (65, 66). In brief, the basic metabolic prod-
ucts, separated on an Amberlite IRP-64s column, are
adrenaline (epinephrine), metadrenaline (3-O-methyladrena-
line, metanephrine), noradrenaline (norepinephrine), nor-
metadrenaline (3-O-methylnoradrenaline, normetanephrine
NM), dopamine, and 3-methoxytyramine (3-MT).

The acidic metabolic products, separated on a column of
Dowex-1-X2' acetate anion exchange resin, are 3-methoxy-
4-hydroxymandelic acid (MOMA), 3,4-dihydroxymandelic
acid (DOMA), 3-methoxy-4-hydroxyphenylacetic acid (ho-
movanillic acid, HVA), 3,4-dihydoxyphenylacetic acid
(DOPAC), 3-methoxy-4-hydroxyphenylethanol (MHPE),
3,4-dihydoxyphenylethanol, 3-methoxy-4-hydroxy-phenylgly-
col (MHPG), 3,4-dihydroxyphenylglycol, vanillic acid
(VA), and their respective conjugates as well as the con-
jugates of 3-methoxytyramine, normetadrenaline, noradrena-
line, and dopamine. The details of these procedures have been
described in a previous paper (76). Fig. 1 represents a typi-

'Amberlite IRP-64, Rohmand Haas Co., Philadelphia, Pa.
I Dowex 1-X2, 200400 mesh, Bio-Rad Laboratories, Rich-

mond, Calif.
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cal elution pattern obtained in the separation of the acidic
metabolic products. All acidic and basic metabolites were
compiled and compared to those of normal subjects similarly
infused with dopamine-2-'4C (Table I).

RESULTS
The metabolic pattern of dopamine-2-14C in six normal
subjects was compared to that of three patients with
parkinsonism. Standard deviations were calculated on all
metabolic products in the normal subjects but not in the
parkinsonism patients since these patients very in degree
from one another (Table I).

From the results it appears that the most important
change occurred in the formation of noradrenaline. There
was a significant decrease in the radioactivity recovered
as noradrenaline throughout the collection periods
(Table I and Fig. 2). As for the metabolic products of
noradrenaline, there appeared to be a significant increase
in DOMAduring the infusion and early collection
periods and a small but variable increase in NMcon-
jugate (Table I). There was no significant change in
the other metabolic products of noradrenaline, i.e.,
MOMA, normetadrenaline, vanillic acid, and the con-
jugate of 3-methoxy-4-hydroxyphenylglycol (MHPG).

As for the metabolic products of dopamine-2-14C, there
was a slight shift towards dopamine metabolism. This is
reflected by an increase in the following metabolites of
dopamine: DOPAC and the conjugates of HVA,
DOPAC, 3-methoxy-4-hydroxyphenylethanol, and dopa-
mine (Table I). There were no significant changes in
3-methoxytyramine or its conjugate. HVAwas normal
in two patients and decreased in patient B. G. However,
it should be noted that HVA takes its origin from
DOPAC, and therefore, any decrease in HVAcould be
reflected by an increase in DOPAC, DOPACconjugate,
or HVAconjugate as was the case with patient B. G.

Peaks 11 and 12 showed significant decreases in all

patients, but since these are unknown compounds, very
little can be said about them except that they represent
a small percentage of the total radioactivity recovered in
each collection period. Preliminary evidence indicates
that these unknowns are metabolic products of dopamine
rather than noradrenaline.

Approximately 75% of the infused dopamine was
directly metabolized into dopamine-related metabolic
products, i.e., 3-methoxytyramine, DOPAC, HVA,
3-methoxy-4-hydroxyphenylethanol (MHPE), 3,4-dihy-
droxyphenylethanol, and their respective conjugates, the
conjugate of dopamine, and several unknowns (Table
I). Of these metabolic products, HVA represents the
largest single fraction (65). The remaining 25% of
the infused dopamine-2-14C was synthesized into nor-
adrenaline and appeared in the urine as radioactive
noradrenaline or the metabolic products of noradrenaline
which are DOMA,NM, NOMA,vanillic acid, and their
4-0 sulfate conjugates, conjugates of 3-methoxy-4-hy-
droxyphenylglycol, and 3,4-dihydroxyphenylglycol (65,
67-69). Other secondary metabolites of noradrenaline
such as HVA, DOPAC, and their 4-0 sulfate conju-
gates are also present (70, 71), but in these experiments
their origin is principally from dopamine.

Whereas all the parkinsonism patients showed the same
general metabolic pattern following an infusion of dopa-
mine-2-1'C, they, as to be expected, varied in degree
one from another (Table I and Fig. 2).

DISCUSSION
It is well established that noradrenaline is the neuro-
hormone of the sympathetic nerves (42, 46, 72). Further-
more, noradrenaline is present in various parts of the
brain (46, 50), including the corpus striatum (20-24,
26), but especially great is its concentration in the hypo-
thalamus (20, 21, 24, 26). The immediate precursor to

CH2- CH* COOH CH2*CH COOH CH2-CH * COOH

TYROSINE

PHENYLALANINE TYROSINE

DOPA DECARBOXYLASE

OH OH

CH2-CH2*NH2 CH*CH2*NH2 CH*CH2*NH

N-METHYL CH3
o0 p- HYDROXYLASE TRANSFERASE o

OH OH OH
DOPAMINE NORADRENALINE ADRENALINE

FIGuRE 3 Biosynthetic pathway to the formation of noradrenaline
(norepinephrine) and adrenaline (epinephrine).
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noradrenaline is dopamine and that to dopamine is
DOPA (42) (Fig. 3). Recently, attention has been
focused on dopamine as a neurohormone with transmitter
functions in the central nervous system (22, 26, 27,
51-65), and of special significance is the high concen-
tration of dopamine in the nucleus caudate, putamen,
pallidum, and substantia nigra (19-27). Further, a de-
creased concentration of dopamine in the corpus striatum
has been noted in parkinsonism (24-27). Whereas the
introduction of dopamine might seem to be the logical
approach to treating the depletion in idiopathic parkin-
sonism, nevertheless, this has not proven successful since
the corpus striatum is considerably less permeable to
circulating dopamine than it is to DOPA. In the corpus
striatum the DOPA is readily decarboxylated to form
dopamine. Therefore, efforts have been directed towards
using the dopamine precursor, i.e. L-DOPA (4, 42)
which in small amounts produced varied results (29-38)
but in large daily doses produced a sustained improve-
ment (37, 38).

The results of these experiments indicate that in pa-
tients with idiopathic parkinsonism there is a slight shift
toward dopamine metabolism which is reflected by an
increase in DOPACand other dopamine metabolites
(Table I). The increase in DOPACobserved princi-
pally in the infusion period has also been noted in pa-
tients with neurogenic orthostatic hypotension (66), but
the meaning behind this increase remains unexplained.
Nevertheless, this finding may be important since it
could indicate a more local biochemical aberration of
dopamine metabolism. Certainly the finding of decreased
3-methoxy-4-hydroxyphenylacetic acid (the principal
metabolite of DOPAC) in the corpus striatum of parkin-
sonism patients (73) lends support to such a concept.
Furthermore, since in parkinsonism the corpus striatum
shows a deficit of dopamine (24-27), the immediate pre-
cursor to noradrenaline (42), one would then expect to
also find a decrease of noradrenaline in these same
structures and this too has been demonstrated (26, 74).

The question naturally arises as to whether or not the
decrease in recovery of free radioactive noradrenaline in
parkinsonism was related to debility, old age, or muscu-
lar inactivity. It is known that muscular exercise in-
creases the release of noradrenaline (75) and this is
reflected by an increase of noradrenaline in the urine.
However, in these experiments the controls were main-
tained on bed rest during the infusion, for 24 hr post-
infusion, and thereafter in a sedentary state. Also,
similar dopamine-2-."C infusion experiments were per-
formed on three normal male subjects (20-25 yr) main-
tained on bed rest and were then repeated after these
subjects exercised moderately. In these rest-exercise
experiments, there was no significant change of free
radioactive noradrenaline. Further, since old age and
debility could effect the noradrenaline synthesis, similar

experiments were performed on an elderly (62 yr),
debilitated, bed ridden individual but the results indicated
that in this patient the noradrenaline synthesis was
within normal limits.

Results herein described indicate that in idiopathic
parkinsonism there is a decrease in the recovery of free
radioactive noradrenaline in the urine following an
infusion of the immediate precursor to noradrenaline,
i.e., dopamine-2-"C (Table I and Fig. 2). The patho-
genesis of this diminished recovery of radioactive nor-
adrenaline, renal function being normal, could be the
result of an increase in noradrenaline metabolism or a
decrease in its synthesis. Increased metabolism of nor-
adrenaline is seen in the human during such stressful
situations as severe thermal injury (76); however, in
severe burns there is not only a decrease in the urinary
recovery of radioactive noradrenaline but also a con-
comitant increase in noradrenaline metabolic products
and a marked increase in the utilization rate of the
infused dopamine-2-14C (76). In contrast, the opposite
situation is seen in neurogenic hypotension where there
is a decrease synthesis of noradrenaline with a con-
comitant decrease in noradrenaline metabolic products
(66); and further, hypotension, a salient feature of
neurogenic orthostatic hypotension, is sufficiently com-
mon to parkinsonism to have warranted speculation of a
possible relationship between these two syndromes (77-
79). Therefore, this similarity with neurogenic hypo-
tension and the decreased recovery of radioactive nor-
adrenaline in idiopathic parkinsonism would seem to
imply that in parkinsonism there is also an alteration
in noradrenaline synthesis with a sympathetic nervous
system involvement. However, the answer is considera-
bly more complex than this indicates since in idiopathic
parkinsonism there is also a decrease of dopamine in
the corpus striatum (24-27) and the urine (28) and a

decrease of HVA in the corpus striatum (73). This
would clearly indicate that the decreased recovery of
radioactive noradrenaline observed in these experiments
could be secondary to a defect further back than dopa-
mine in the synthesis of noradrenaline, i.e., in the con-

version of DOPA to dopamine (DOPA is rapidly
decarboxylated to dopamine) or tyrosine to DOPAor

possibly phenylalanine to tyrosine.
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